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ABSTRACT

A base station initializes pseudo-random sequence generators
on Which Wireless devices base generation of uplink reference
signals. The base station determines a ?rst sequence from a

?rst subset of possible initialization sequences for a sequence
generator of a ?rst device, and determines a second sequence
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from a second subset of possible initialization sequences for
a sequence generator of a second device. The range of this
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tWo or more parameters, and encodes the second sequence as
a second set of one or more parameters. This second set
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includes at least one parameter not included in the ?rst set,

and comprises feWer bits than the ?rst set. The base station
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initializes the sequence generators by transmitting the ?rst
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and second sets of parameters to the devices.
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SIGNALING OF SEQUENCE GENERATOR
INITIALIZATION PARAMETERS FOR
UPLINK REFERENCE SIGNAL
GENERATION
RELATED APPLICATIONS

[0001] This application claims priority to US. Provisional
Patent Application Ser. No. 61/616,866, ?led Mar. 28, 2012,
the entire contents of Which are incorporated herein by refer
ence.

TECHNICAL FIELD

[0002]

The present invention generally relates to initializa

[0006] Additional RSs possibly transmitted by UEs consist
of sounding reference signals (SRS). These reference signals
are transmitted by a UE at predetermined time instances and
over a predetermined bandWidth, in order to enable estima
tion of the UL channel properties at the netWork side.
[0007] RSs from different UEs Within the same cell poten

tially interfere With each other and, assuming synchronized
netWorks, even With RS originated by UEs in neighboring
cells. In order to limit the level of interference betWeen RSs,
different techniques have been introduced in different LTE
releases in order to alloW orthogonal or semi-orthogonal RSs.

The design principle of LTE assumes orthogonal RS Within
each cell and semi-orthogonal RS among different cells (even
though orthogonal RSs can be achieved for aggregates of

less devices base generation of uplink reference signals, and
more particularly relates to advantageous techniques for
encoding and signaling parameters for such initialization.

cells by so called “sequence planning”). HoWever, orthogo
nality of DMRS transmitted by UEs belonging to different
cell is currently under discussion in Rel-11 LTE standardiza
tion. A family of techniques for inter-cell DMRS orthogonal
ity has been discussed. Some of these techniques rely on the

BACKGROUND

possibility of coordinating the base-sequence index (BSI)

tion of pseudo-random sequence generators on Which Wire

[0003] A Wireless device (also referred to as a user equip
ment, UE) transmits one or more uplink reference signals in a
Wireless communication system for any number of reasons,
such as to permit the receiving base station to estimate the

Wireless channel. The Wireless device typically generates a
reference signal using one or more pseudo-random sequence
generators. Accordingly, initialization of the sequence gen

erator(s) Withparticular initialization sequence(s) dictates the
uplink reference signal that the device transmits. The base
station governs the initialization of the device’s sequence

generator(s) in this regard, meaning that signaling an initial
ization sequence to a Wireless device presents challenges in
terms of signaling overhead.

[0004] Consider, for instance, Long Term Evolution (LTE)
networks. LTE netWorks are designed With the aim of

enabling optional CoMP (Coordinated multipoint process
ing) techniques, Where different sectors and/or cells operate
in a coordinated Way in terms of, e.g., scheduling and/or

processing. An example is uplink (UL) CoMP Where the

employed for RS generation by different UEs in different
cells, as described more fully later.

[0008]

Another application in the UL of LTE is mutli-user,

multiple-input multiple-output (MU-MIMO), Where data
transmissions on PUSCH from multiple UEs are coscheduled
on at least partly overlapping bandWidth in the same sub
frame, Within the same cell. The UEs are separated at the

receiver side by exploiting multiantenna processing. In order
to alloW the receiver to resolve the signals from the cosched
uled UEs, it is bene?cial to assign the DMRS in an orthogonal

fashion for such UEs. This may be achieved by assigning
different orthogonal cover codes (OCCs) to the DMRS of the
coscheduled UEs. If the coscheduled bandWidths are fully

overlapping, cyclic shift (CS) separation of the DMRS for the
different UEs may also be exploited.
[0009] Each DMRS is characterized by a group-index and
a sequence-index, Which de?ne the so called base-sequence
index (BSI). BSIs are assigned in a cell-speci?c fashion in
Rel-8/9/ 10 and they are a function of the cell-ID, Where a
cell-ID characterizes a cell in LTE and affects several cell

signal originating from a single UE is typically received at

speci?c algorithms and procedures. Different base sequences

multiple reception points and jointly processed in order to
improve the link quality. UL joint processing (also referred to

are semi-orthogonal, Which implies that some inter-sequence

as UL CoMP) alloWs transformation of What is regarded as

interference is present in the general case. The DMRS for a
given UE is only transmitted on the same bandWidth of

inter-cell interference in a traditional deployment into a use

PUSCH and the base sequence is correspondingly generated

ful signal. Therefore, LTE networks taking advantage of UL

so that the RS signal is a function of the PUSCH bandWidth.
For each subframe, 2 RSs are transmitted, one per slot. In

CoMP may be deployed With a smaller cell size compared to

traditional deployments, in order to fully take advantage of
the CoMP gains.
[0005] The LTE UL is designed assuming coherent pro
cessing, i.e., the receiver is assumed to be able to estimate the
radio channel from the transmitting UE and to take advantage
of such information in the detection phase. Therefore, each
transmitting UE sends a reference signal (RS) associated With
each UL data or control channel (e.g., PUSCH and PUCCH).
3GPP TS 36.211 V10.4.0 (2011-12), “Technical Speci?ca
tion Group Radio Access NetWork; Evolved Universal Ter
restrial Radio Access (E-UTRA); Physical Channels and
Modulation (Release 10).” In case of PUSCH, one demodu
lation reference signal (DMRS) per slot is transmitted on the

Rel-11 it is likely that UE-speci?c assignment of BSIs Will be
introduced.
[0010] Orthogonal DMRS can be achieved by use of cyclic

shift (CS) in Rel-8/ 9 or by CS in conjunction With orthogonal
OCC in Rel-10. CS is a method to achieve orthogonality

based on cyclic time shifts, under certain propagation condi
tions, among RS generated from the same base sequence.
Only 8 different CS values can be dynamically indexed in

Rel-8/9/ 10, even though in practice less than 8 orthogonal
DMRS can be achieved depending on channel propagation

properties (Without considering OCC in this example). Even
though CS is effective in multiplexing DMRSs assigned to

fully overlapping bandWidths, orthogonality is lost When the

same bandWidth as the uplink data channel. In case of

bandWidths differ and/or When the interfering UE employs

PUCCH, multiple PUCCH-RSs are transmitted and time

multiplexed by the UE Within each subframe, spanning the

another base sequence.
[0011] In order to increase interference randomization

PUCCH bandWidth assigned to the UE.

betWeen different UEs (e.g., at different cells), a pseudo
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random offset to the CS values is applied (CS hopping, CSH).
The randomization pattern is cell-speci?c in Rel-8/ 9/ 10. A
different CS offset is in general applied in each slot and it is
knoWn at both UE and eNB sides, so that it can be compen

sated at the receiver side during channel estimation. A CSH is
generated according to a sequence initialization parameter
cl-m-t having 31 bits.
[0012] OCC is a multiplexing technique based on orthogo
nal time domain codes, operating on the 2 RS provided for
each UL subframe. The OCC code [1-1] is able to suppress an
interfering DMRS as long as its contribution after the
matched ?lter at the receiver is identical on both DMRSs of

the same subframe. Similarly, the OCC code [1 1] is able to
suppress an interfering DMRS as long as its contribution after

the eNB matched ?lter has opposite sign respectively on the
tWo RSs of the same subframe. It is straightforWard to assume

to determine a ?rst sequence from a ?rst subset of possible
initialization sequences for a pseudo-random sequence gen
erator of a ?rst Wireless device, and to determine a second
sequence from a second subset of possible initialization
sequences for a pseudo-random sequence generator of a sec
ond Wireless device. The range of this second subset spans at
least the range of the ?rst subset.

[0019]

The base station further encodes the ?rst sequence

as a ?rst set of tWo or more parameters, and encodes the
second sequence as a second set of one or more parameters.

This second set of parameters includes at least one parameter
not included in the ?rst set of parameters, and comprises

feWer bits than the ?rst set. Having performed this encoding,
processing the base station initializes the sequence generators
of the ?rst and second devices With the ?rst and second
sequences by transmitting the ?rst and second sets of param
eters to the ?rst and second devices. Upon receiving the sets
of parameters, the devices decode the sequences according to

that CS and OCC Will be supported also by Rel-11 UEs.
[0013] While base-sequences are assigned in a semi-static
fashion, CS and OCC are dynamically assigned as part of the
scheduling grant for each UL PUSCH transmission. Even

those sets of parameters and then generate the uplink refer

though joint processing techniques may be applied for

ence signals based on those sequences.

PUSCH, channel estimates based on DMRS are typically

performed in an independent fashion at each reception point,

one or more rules that de?ne the sequences as a function of

[0020]

In at least some embodiments, the base station

encodes the second sequence as a single parameter. In one

even in case of UL CoMP. Therefore, it is crucial to keep the

embodiment, for example, this single parameter comprises a

interference level at an acceptably loW level, especially for

de?ned number of least signi?cant bits from the second
sequence corresponding to the range of the second subset. In
another embodiment, by contrast, the second sequence is

RSs.

[0014]

In case of SRS, the RSs are also generated according

to a BSI (Which may differ from the DMRS BSI for some

UEs). Different SRS may be multiplexed by use of CS and
COMBs. A COMB indicates a speci?c interleaved mapping
of the RS to a subset of subcarriers. SRS assigned to different
COMBS (i.e., non overlapping sets of subcarriers) are thus

ideally orthogonal.
[0015]

In case of PUCCH-RS, one or more RS per slot are

generated, depending on the PUCCH format and other
parameters. PUCCH-RS for different UEs are separated by
use of CS and OCC, Which spans over each slot. Also
PUCCH-RS are generated according to a BSI that may in

general differ from the DMRS BSI.
[0016] One of the improvements being discussed in LTE
Rel-11 consists of the possibility of con?guring the param
eters for BSI and CSH initialization in a UE speci?c fashion,

either semi-statically or dynamically, e.g., by signaling in the
scheduling grants. Such con?gurability alloWs additional RS
allocations options enabling, e.g., inter-cell orthogonality
betWeen UEs. R1-121028i“Details about UL DMRS con

?guration and signaling.” In order to achieve orthogonality by
OCC, it is necessary to con?gure the paired UEs With the
same CSH pattern. Problematically, hoWever, the CSH ini
tialization cl-m-t is a 31 bit parameter, requiring signi?cant

overhead for being signaled.
SUMMARY

[0017] One or more embodiments herein advantageously
reduce control signaling betWeen a base station and a Wireless
device in a Wireless communication system, as compared to

encoded based on a de?ned one-to-one mapping of possible
initialization sequences Within the second subset to possible
values for the single parameter, Wherein the range of the
single parameter is smaller than the range of the second
subset.
[0021] In other embodiments, the base station encodes the
second sequence as a linear combination of tWo parameters.
In this case, a ?rst one of the tWo parameters encodes a

de?ned number of least signi?cant bits from the second
sequence, and a second one of the tWo parameters encodes a

de?ned number of more signi?cant bits from the second
sequence (not including one or more most signi?cant bits

from the second sequence).
[0022]

In any case, the second sequence is encoded as a

second set of parameters that comprises only 9 or 10 bits in
some embodiments, Which is signi?cantly feWer bits than the
31 bits required to signal the second sequence itself in those
embodiments. The embodiments thereby prove to reduce

control signaling associated With the signaling of the second
sequence.
[0023]

In one or more embodiments Where the initialization

sequences correspond to cyclic shift hopping patterns for the
devices, the ?rst initialization sequence comprises a cell
speci?c sequence and the second initialization sequence com
prises a device-speci?c sequence. The base station initializes
the sequence generators in this Way in order to maintain
backwards compatibility With respect to the ?rst device,

While achieving inter-cell orthogonality for the second device
With respect to a third Wireless device in a different cell.

particular reduce the control signaling for initializing pseudo

Where the embodiments employ LTE, for example, the ?rst
and third devices comprise legacy devices that are con?gured

random sequence generators on Which Wireless devices base

for LTE Rel-8/ 9/ 1 0, and the second device comprises a neWer

generation of uplink reference signals.

device that is con?gured for LTE Rel-11.
[0024] In this case, the base station determines the second
sequence for the second device by selecting from the second
subset the initialization sequence that matches the initializa
tion sequence for a pseudo -random sequence generator of the

knoWn control signaling approaches. The embodiments in

[0018]

More particularly, one or more embodiments

include a base station con?gured to initialize pseudo-random
sequence generators on Which Wireless devices base genera

tion of uplink reference signals. The base station is con?gured
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third device. The base station is able to do this because the
range of the second subset spans at least the range of the
subset of possible initialization sequences for the third

plurality of geographically distributed base stations 12-1,

device; that is, the initialization sequence for the second

communication coverage to Wireless devices 16-1, 16-2, . . .

device is able to take on values that are possible for the third

16-M Within respective areas referred to as cells 14-1, 14-2, .
. . 14-N. Through the base stations 12, the Wireless devices 16
access a core netWork 18, Which in turn connects the devices
16 to one or more external netWorks 20, e.g., the Internet.

device. With the initialization sequences (and therefore the

cyclic shift hopping patterns) for the second and third devices
the same, the base station is able to achieve inter-cell orthogo

12-2, . . . 12-N. The base stations 12-1, 12-2, . . . 12-N

(referred to collectively as base stations 12) provide Wireless

nality for these paired devices through use of different
orthogonal cover codes (OCCs) for the devices. Notably,
therefore, by con?guring the initialization sequences in this

reference signals 22 to the base stations 12. The base stations

Way, the base station is able to arbitrarily pair a neWer device
in one cell With any legacy device in a different cell for

such as to estimate the respective Wireless channels betWeen
the base stations 12 and the devices 16. The uplink reference

achieving inter-cell orthogonality betWeen those devices’

signals may comprise, for instance, demodulation reference

uplink reference signals.
[0025] Of course, the present invention is not limited to the
above features and advantages. Indeed, those skilled in the art

Will recognize additional features and advantages upon read

ing the folloWing detailed description, and upon vieWing the

accompanying draWings.

[0037]

The Wireless devices 16 transmit respective uplink

12 employ the uplink reference signals for various reasons,

signals (DMRS) that the base stations 12 use to demodulate

uplink data and/or control signals, sounding reference signals
(SRSs), or the like. Regardless, the devices 16 employ
pseudo-random sequence generators in order to generate
these uplink reference signals 22. Any given device 16-m
may, for example, employ tWo sequence generators to gener
ate tWo maximal-length sequences and then modulo-2 add

BRIEF DESCRIPTION OF THE DRAWINGS

those sequences to form a Gold sequence on Which an uplink

[0026] FIG. 1 is a block diagram ofa Wireless communica
tion system With a base station and a Wireless device con?g

reference signal 22 for the device 16 is based. This Gold
sequence in some embodiments, for instance, dictates a cyclic
shift hopping (CSH) pattern that the device 16 applies to a
cyclic shift and then applies the resulting cyclic shift to a base
sequence in order to generate the uplink reference signal 22.
[0038] A base station 12-n governs the uplink reference

ured according to one or more embodiments herein for

sequence generator initialization.
[0027] FIG. 2 is a logic ?oW diagram of processing per
formed by a base station for initializing pseudo-random
sequence generators according to one or more embodiments

signal 22-m that any given device 16-m transmits by, among

herein.
[0028] FIG. 3 illustrates an example of a base station’s
encoding of initialization sequences for different Wireless

other things, governing initialization of one or more of the

device’s pseudo-random sequence generators. In this regard,

devices according to one or more embodiments.

by informing the device of an initialization sequence to Which

[0029] FIG. 4 is a logic ?oW diagram of processing per
formed by a base station for initializing pseudo-random

the generator is to be initialized, such as an initialization

sequence generators according to one or more other embodi
ments herein.

ments. In some embodiments, a base station 12-n initializes

[0030]

FIG. 5 is a table that illustrates an example one-to

one mapping betWeen the decimal representation of possible
initialization sequences and possible values for a single
parameter according to one or more embodiments.

[0031] FIGS. 6A-6B are tables that illustrate different
examples ofjoint encoding according to one or more embodi
ments.

[0032] FIG. 7 is a logic ?oW diagram of processing per
formed by a Wireless device for initializing a pseudo-random
sequence generator according to one or more embodiments

herein.
[0033] FIG. 8 is a table that illustrates an example one-to

a base station 12-n initializes a device’s sequence generator

sequence represented in decimal form cl-m-t in LTE embodi

different devices’ sequence generators With different (i.e.,
device-speci?c) initialization sequences, e.g., to distinguish
the devices’ uplink reference signals 22 on that basis. In other
embodiments, though, a base station 12-n initializes different
devices’ sequence generators With a common (e.g., cell-spe

ci?c) initialization sequence, While distinguishing the
devices’ uplink reference signals 22 on other bases. In still
other embodiments, the a base station 12-n initializes some

devices’ sequence generators With device-speci?c sequences,
and other devices’ sequence generators With cell-speci?c
sequences. Regardless, a base station 12-n herein advanta
geously encodes initialization sequences for at least some
devices 16 in different Ways, so as to reduce the amount of

parameters according to one or more embodiments.

control signaling required for indicating those sequences as
compared to knoWn approaches.
[0039] FIG. 2 illustrates base station processing according

[0034] FIG. 9 is a block diagram that illustrates a Wireless
device con?gured to initialize a pseudo-random sequence

base station 12-1, Wireless device 16-1, and Wireless device

one mapping betWeen the decimal representation of possible
initialization sequences and possible values for a set of

generator according to one or more embodiments herein.

[0035]

FIG. 10 is a block diagram that illustrates a base

station con?gured to initialize pseudo-random sequence gen
erators according to one or more embodiments herein.

DETAILED DESCRIPTION

[0036]

FIG. 1 depicts a Wireless communication system 10

according to one or more embodiments. The system 10
includes a radio access netWork (RAN) that comprises a

to one or more embodiments in this regard, With reference to

16-2 as an example. Wireless devices 16-1 and 16-2 need not
be present Within the base station’s cell 14-1 at the same time

in order for the base station 12-1 to perform the processing
illustrated in FIG. 2. Indeed, as described beloW, the base
station 12-1 determines, encodes, and signals an initialization
sequence for device 16-1 independently from its determina
tion, encoding, and signaling of an initialization sequence for
device 16-2. Such remains the case regardless of Whether or
not the same initialization sequence is determined for the

devices 16-1, 16-2 (e.g., Where the sequence is cell-speci?c)
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and regardless of Whether or not the initialization sequences
for the devices 16-1, 16-2 are encoded using at least one
common parameter. This independent processing means that
the base station 12-1 may be con?gured in at least some

embodiments to determine, encode, and signal an initializa

Wireless communication channel to the second device 16-2

based on the uplink reference signal.
[0043] FIG. 3 illustrates a pictorial representation of one

simple example of the base station processing. (This simple

tion sequence for device 16-1 at a different time than its

example, hoWever, is non-limiting in terms of the number of
bits used and the position of the subsets). As shoWn in FIG. 3,

determination, encoding, and signaling of an initialization

the sequence generator of a ?rst Wireless device 16-1 com

sequence for device 16-2.

prises 31 bits (labeled 0 through 30 from the least signi?cant

[0040] With this in mind, processing implemented by base

bit). Thus, a full set 24-1 of possible initialization sequences
for the sequence generator of the ?rst device 16-1 at least

station 12-1 in FIG. 2 includes determining a ?rst sequence
from a ?rst subset of possible initialization sequences for a
pseudo-random sequence generator of a ?rst Wireless device

16-1 (Block 100). Processing further includes determining a
second sequence from a second subset of possible initializa
tion sequences for a pseudo-random sequence generator of a

second Wireless device 16-2 (Block 110). The range of this
second subset of possible sequences spans at least the range of
the ?rst subset of possible sequences. Determining a
sequence in this Way may involve computing the sequence,
obtaining the sequence from memory, or acquiring the
sequence in some other fashion, and may comprise determin

ing a cell-speci?c sequence employed by another cell (e.g.,
cell 14-2).
[0041] Regardless of hoW these sequences are determined,
processing at base station 12-1 also entails encoding the ?rst
sequence as a ?rst set of tWo or more parameters (Block 120),
and encoding the second sequence as a second set of one or

more parameters (Block 130). This second set of parameters
includes at least one parameter not included in the ?rst set of

parameters, and comprises feWerbits than the ?rst set. That is,
the initialization sequence for the second device 16-2 is
encoded With feWer bits than the initialization sequence for
the ?rst device 16-1, even though the range of possible ini
tialization sequences to be signaled to the second device 16-2
(i.e., the range of the second subset) spans at least the range of
possible initialization sequences to be signaled to the ?rst

device 16-1 (i.e., the range of the ?rst subset). Having per
formed this encoding, processing at the base station 12-1
?nally includes initializing the sequence generators of the
?rst and second devices 16-1, 16-2 With the ?rst and second
sequences by transmitting the ?rst and second sets of param
eters to the ?rst and second devices 16-1, 16-2 (Block 140).
As mentioned above, such initialization and transmission
may be performed independently and at different times for the
different devices 16-1, 16-2.

nominally includes sequence ‘000 . . . 000’ to sequence ‘111
. . . 111’ (i.e., a decimal range from 20 to 230. The same can be

said for a full set 24-2 of possible initialization sequences for
the sequence generator of the second device 16-2 in this

example.
[0044] Despite the nominal possibilities provided by the
full sets 24-1, 24-2 of initialization sequences, though, the
base station 12-1 excludes some of those possibilities from
consideration in determining the actual initialization
sequences for the devices 16-1, 16-2, so as to thereby arti?
cially limit the initialization sequences to be signaled. Spe
ci?cally, the base station 12-1 determines a ?rst sequence
26-1 for the ?rst device 16-1 from only a subset 28-1 of
possible initialization sequences, and determines a second
sequences 26-2 for the second device 16-2 from only a subset
28-2 of possible initialization sequences. As shoWn, the pos
sible sequences Within these subsets 28-1, 28-2 still comprise
31 bits; that is the number of bits corresponding to the range
of the full sets 24-1, 24-2 of possible sequences. However, the
sequences Within the subsets 28-1, 28-2 have O’s for the 21
most signi?cant bits, meaning that the ranges 30-1, 30-2 of
the subsets 28-1, 28-2 are represented by only the 10 least
signi?cant bits. In this case, the range 30-2 of the second
subset 28-2 spans the same range as the range 30-1 of the ?rst

subset 28-1. In general, though, the range 30-2 of the second
subset 28-2 may span a greater range than the range 30-1 of
the ?rst subset 28-1 (e.g., decimal 1023 vs. 541), even if the
tWo subsets 28-1, 28-2 are represented by the same number of
bits.

[0045] Regardless, the base station 12-1 encodes the ?rst
sequence 26-1 for the ?rst device 16-1 differently than the
Way it encodes the second sequence 26-2 for the second
device 16-2. In some embodiments, for instance, the ?rst and
second devices 16-1, 16-2 are different types or models of
devices and are therefore con?gured to decode the sequences
26-1, 26-2 in different Ways. The ?rst device 16-1 in one

Upon receiving the ?rst set of parameters, the ?rst

example comprises a legacy device that is con?gured for LTE

device 16-1 decodes the ?rst sequence according to one or
more rules that de?ne the sequence as a function of the ?rst set

Rel-8/9/ 10 and the second device 16-2 comprises a neWer

[0042]

of parameters and then generates the uplink reference signal
With the device’s sequence generator initialized to that
sequence. When the ?rst device 16-1 transmits the uplink
reference signal to the base station 12-1, the base station 12-1
employs the ?rst set of parameters in order to estimate the
Wireless communication channel to the ?rst device 16-1

device that is con?gured for LTE Rel-11. As explained in
greater detail beloW, because the range 30-2 of the second
subset 28-2 spans at least as great as range as the range 30-1

of the ?rst subset 28-1, the base station 12-1 is advanta
geously able in this case to allocate the same initialization
sequence to a legacy device and a neW device, but to signal the
initialization sequence to the neW device in a more ef?cient

based on the uplink reference signal. Likewise, upon receiv
ing the second set of parameters, the second device 16-2

manner.

decodes the second sequence according to one or more rules
that de?ne the sequence as a function of the second set of

sequence 26-1 as a ?rst set 32-1 of tWo or more parameters,

parameters and then generates the uplink reference signal
With the device’s sequence generator initialized to that
sequence. When the second device 16-2 transmits the uplink
reference signal to the base station 12-1, the base station 12-1
employs the second set of parameters in order to estimate the

[0046]

In any event, the base station 12-1 encodes the ?rst

and encodes the second sequence 26-2 as a second set 32-2 of
one or more parameters. The encoding of the second

sequence 26-2 is optimized With respect to the encoding of the
?rst sequence 26-1 at least in the sense that the second set

32-2 comprises feWer bits than the ?rst set 32-1, even though
the second set 32-2 is capable of representing at least as great
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of range of possible initialization sequences as the ?rst set
32-1. These sets 32-1, 32-2 of parameters are then signaled to
the Wireless devices 16-1, 16-2 rather than the actual initial
iZation sequences 26-1, 26-2. Each set 32-1, 32-2 of param

eters requires feWer bits to signal than that required to signal
the 31 bit sequences 26-1, 26-2 themselves, meaning that the
encoding advantageously reduces the amount of control sig
naling required to indicate the sequences 26-1, 26-2 to the
devices 16-1, 16-2.

de?ned mapping maps those possible initialiZation sequences
cl-m-t Within the subset 28-2 to possible values for the single
parameter Z (here, shoWn as a decimal representation), so that

Z is not sparse. According to the mapping, the initialiZation
sequences cl-m-t:32 is encoded as Z:30, cl-m-t:33 is encoded as
Z:31, cinit:64 is encoded as Z:60, cinit:65 is encoded as
Z:61, and so forth. Due to the nature of this mapping, the

{0,541} range 30-2 of the second subset 28-2 of possible
initialiZation sequences cim-t is compressed into a {0,509}

range of the single parameter Z. Notably, therefore, signaling

[0047] In some embodiments, the second sequence 26-2 is
encoded as a single parameter Z, While the ?rst sequence 26-1
is encoded as tWo or more parameters. That is, the second set

of the single parameter Z requires 9 bits, Which is 1 feWer bit
to signal than the 10 bits that Would be required to signal the

32-2 has only one parameter, namely Z, even though the ?rst
set 32-1 has more than one parameter.

parameter Z as described above Without this compression.
[0052] FIG. 5 of course illustrates the de?ned mapping as

[0048]

FIG. 4 depicts processing at the base station 12-1

being a look-up table that is obtained by the base station 12-1

With particular regard to this single parameter encoding. As

encoding the determined sequence 26-2 as a single parameter
Z (Block 210). Different values for this single parameter Z

for encoding. The base station 12-1 in some embodiments
obtains the table from memory, While in other embodiments
the base station 12-1 obtains the table by generating it on an
as needed basis, according to a prede?ned formula. In either
case, the base station 12-1 selects the second sequence 26-2
cl-m-t from the second subset 28-2 and then determines the
parameter Z that corresponds to the selected sequence cl-m-t in

represent different possible initialiZation sequences Within
the subset 28-2. Processing ?nally includes initialiZing the

the look-up table.
[0053] In other embodiments, the mapping is embodied in

sequence generator fo the Wireless device 16-2 With the deter

Ways other than a look-up table. In one embodiment, for
example, the de?ned mapping exists as an algorithm or for

shoWn in FIG. 4, processing at the base station 12-1 entails
determining a sequence 26-2 from a subset 28-2 of possible
initialiZation sequences for the sequence generator of a Wire

less device 16-2 (Block 200). Processing then includes

mined sequence 26-2 by transmitting the single parameter Z
to the device 16-2 (Block 220).

mula used by the base station 12-1 for encoding. Speci?cally,

[0049]

the base station 12-1 encodes the selected initialiZation
sequence cl-m-t as the single parameter

In at least one embodiment, the single parameter Z

comprises a de?ned number of least signi?cant bits from the
second sequence 26-2, Where the de?ned number corre
sponds to the range 30-2 of the second subset 28-2. In the

example of FIG. 3, this single parameter Z Would therefore
comprise the 10 least signi?cant bits of the second sequence
26-2. Regardless, in this embodiment, the base station 12-1’s
encoding entails truncating a de?ned number of most signi?
cant bits of the second sequence 26-2 (e.g., the 21 most

signi?cant bits, namely bits 10 to 30), since those bits are 0’s
in all possible sequences Within the second subset 28-2. The
second device 16-2 Will perform a decoding that pads the
single parameter Z With O’s, e.g., by pre-pending O’s to the
single parameter Z. Those skilled in the art Will appreciate,

hoWever, that padding may be performed by the second
device 16-2 in different Ways in other embodiments. For
example, in some embodiments the second device 16-2 pads
the single parameter Z by appending O’s to that parameter.
[0050] In at least one other embodiment, the second
sequence 26-2 is encoded based on a de?ned one-to-one

mapping of possible initialiZation sequences Within the sec
ond subset 30-2 to possible values for the single parameter Z.
Notably, though, the range of the single parameter Z is smaller
than the range 30-2 of the second subset 28-2. The de?ned
mapping in this sense effectively compresses the range 30-2
of the second subset 28-2 into the single parameter Z so as to

signal the second sequence 26-2 With feWer bits.
[0051] FIG. 5 illustrates an example de?ned mapping in the
context of an LTE embodiment Where the second sequence

26-2 selected from the second subset 28-2 is represented as
cm”, which is a decimal representation of the second sequence
26-2. As shoWn in FIG. 4, the subset 28-2 ofpossible initial
iZation sequences cim-t is sparse in the sense that it does not
include all initialiZation sequences Within the subset’s range
30-2. For example, the subset 28-2 does not include cl-m-t

Cinir

Z = Ciniz2[§],
Where [x] denotes a ?oor function that rounds x to the nearest
integer less than or equal to x.

[0054]

Furthermore, although FIG. 5 illustrates the single

parameter Z as if it has the minimum range needed for com

pressing the range of the second subset 28-2 of possible
initialiZation sequences cl-m-t, this need not be the case. Con

sider, for example, embodiments Where the second sequence
26-2 cl-m-t corresponds to a CSH that the device 16-2 applies to

a cyclic shift for generating the uplink reference signal 22-2.
In one or more embodiments in this case, the base station 12-1

jointly encodes the second sequence 26-2 cl-m-t and an indica
tion of Whether or not CSH is enabled as the second set 32-2
of one or more parameters. Thus, Where the second set 32-2 of

parameters just includes the single parameter Z, the range of Z
is extended in order to indicate Whether or not CSH is

enabled.
[0055] FIGS. 6A-6B illustrate tWo different examples of

this. In both examples, the base station 12-1 performs joint
encoding such that the single parameter Z not only indicates
the second sequence 26-2 cl-m-t as described above, but also

indicates a ?ag called CSH_ENABLE. If CSH_ENABLEII,
CSH is enabled. If CSH_ENABELIO, CSH is not enabled.

[0056] According to the joint encoding in FIG. 6A, the base
station 12-1 performs joint encoding such that the single
parameter Z indicates that CSH_ENABLEII if the parameter
Z has a decimal value betWeen 0 and 509. These possible
values of Z similarly map to possible initialiZation sequences

cl-m-t, as shoWn in FIG. 5, meaning that the joint encoding also

values of 30, 31, 62, 63, 94, 95, and so forth, even though the

indicates the initialiZation sequence cl-m-t to be used When

subset’s range 30-2 spans from cl-m-t values of 0 to 541. The

CSH_ENABLEII. By contrast, if the parameter Z has any
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other decimal value, the parameter Z indicates that CSH_
ENABLEIO. With CSH disabled in this case, the initialiZa

[0062]

In embodiments Where the sequence 26-2 corre

sponds to a CSH pattern, the device 16-2 generates the uplink

tion sequences cl-m-t is not de?ned, or at least is not relevant.
[0057] Although FIG. 6A contemplates that one or more

reference signal 22-2 by determining the CSH pattern from

values of the single parameter Z (jointly or individually) indi

CSH pattern to a cyclic shift, and ?nally applies the resulting

cate that CSH is disabled, FIG. 6B more speci?cally shoWs a

cyclic shift to a base sequence to generate the uplink reference

single value (i.e., Z:511) as indicating that CSH is disabled.
Indicating CSH_ENABLE With only a single value of the
parameter Z proves simpler in practice, and also alloWs for the
signaling of additional information other than the initialiZa

encodes the sequence 26-2 as Well as CSH_ENABLE, the
device 16-2 derives CSH_ENABLE according to one or more
rules that de?ne CSH_ENABLE as a function of the param

tion sequence cl-m-t and CSH_ENABLE. Of course, embodi
ments that only utiliZe 512 values for the parameter Z prove

eter Z, and then selectively determine and apply a CSH pattern
depending on CSH_ENABLE.

the derived sequence 26-2. The device 16-2 then applies the

signal 22-2. Of course, Where the single parameter Z jointly

advantageous for signaling Z With only 9 bits, rather than 10

[0063]

bits for embodiments that utiliZe more than 512 values for Z.

FIGS. 5-7 shoW the second sequence 26-2 encoded as a single

[0058] Regardless of Whether or not such joint encoding is
employed, though, the second Wireless device 16-2 herein is
con?gured to receive the single parameter Z from the base

parameter Z, other embodiments herein encode the second

station 12-1 and to initialiZe a pseudo-random sequence gen

erator on Which to base uplink reference signal generation
according to that single parameter Z. FIG. 7 illustrates pro

Although embodiments illustrated With respect to

sequence 26-2 as a linear combination of tWo parameters x, y;

that is, instead of the second set 32-2 of parameters in FIG. 3
comprising only a single parameter Z, the second set 32-2
comprises tWo parameters x, y. In this case, parameter y
encodes a de?ned number of least signi?cant bits from the

cessing that the device 16-2 performs in this regard.

second sequence 26-2. Parameter x encodes a de?ned number

[0059] As shoWn in FIG. 7, processing at the device 16-2
entails selectively deriving one of the second initialiZation
sequences 26-2 Within the second subset 28-2 of possible
initialiZation sequences for the sequence generator, according

of more signi?cant bits from the second sequence 26-2, not
including one or more most signi?cant bits from the second

sequence 26-2, i.e., those de?ned number (e.g., 21) of most

to one or more rules that de?ne different initialiZation

signi?cant bits that are O’s. FIG. 8 illustrates an example of
this Where a look-up table embodies the linear combination of

sequences in the subset 28-2 as a function of the single param

x, y.

eter Z (Block 300). Processing further includes generating the
uplink reference signal 22-2 With the sequence generator
initialiZed to the derived initialiZation sequence 26-2 (Block

310), and transmitting the generated signal 22-2 (Block 320).
[0060] In embodiments Where the base station 12-1 has
encoded the second initialiZation sequence 26-2 to be a single
parameter Z that comprises a de?ned number of least signi?
cant bits from the second sequence 26-2, the Wireless device’ s
derivation entails padding the single parameter Z With a
de?ned number of Zeroes. In some embodiments, this pad
ding involves appending the de?ned number of Zeroes to the

single parameter Z. In other embodiments, though, padding
includes pre-pending the de?ned number of Zeroes to the
single parameter Z. In this case, the device 16-2 effectively
derives a second sequence 26-2 that has its most signi?cant
bits padded With Zeroes.

[0061]

By contrast, in embodiments Where the base station

12-1 has encoded the second initialiZation sequence 26-2
according to a de?ned one-to-one mapping With the single
parameter Z (e.g., as in FIG. 5), the device 16-2 derives the
sequence 26-2 based on that same mapping. In some embodi

ments, for example, the device 16-2 stores the look-up table
of FIG. 5 in memory and references that table to map the
received parameter Z to the second initialiZation sequence

26-2 cinit. Such may entail converting the decimal represen
tation of cl-m-t into a corresponding binary representation. In
other embodiments, the device 16-2 derives the second ini
tialiZation sequence 26-2 cim-t according to an algorithm or

formula that is the counterpart to that used by the base station
12-1 to encode the sequence 26-2. For example, the device
16-2 derives the sequence 26-2 cl-m-t according to

[0064]

As shoWn in FIG. 8, the look-up table maps the

linear combination of x:0 and y:{0, 1, . . . 29} to possible
initialiZation sequences cinit:{0, 1, . . . 29}. Similarly, the
table maps the linear combination of x:1 and y:{0, 1, . . . 29}
to possible initialiZation sequences cinit:{32, 33, . . . 61}, and

so forth up. With the range of x being {0,16} and the range of

y being {0,29}, the second sequence 26-2 is encoded With 10
bits, including 5 bits for x and 5 bits for y.
[0065]

FIG. 8 of course illustrates the de?ned mapping as

being a look-up table that is obtained by the base station 12-1
for encoding. The base station 12-1 in some embodiments
obtains the table from memory, While in other embodiments
the base station 12-1 obtains the table by generating it on an
as needed basis, according to a prede?ned formula. In either
case, the base station 12-1 selects the second sequence 26-2
cl-m-t from the second subset 28-2 and then determines the
parameters x, y that correspond to the selected sequence cl-m-t
in the look-up table. The device 16-2 receives these param
eters x, y and correspondingly derives the second sequence
26-2 according to this same mapping.

[0066]

In other embodiments, the mapping is embodied in

Ways other than a look-up table. In one embodiment, for
example, the de?ned mapping exists as an algorithm or for

mula used by the base station 12-1 for encoding and by the
device 16-2 for decoding. Speci?cally, the base station 12-1
encodes the selected initialiZation sequence cim-t as the param
eters x, y, and the device 16-2 decodes the sequence cl-m-t as a

function of the parameters x, y, according to cl-m-t:32x+y.
[0067] As brie?y mentioned above, the base station 12-1 in
some embodiments initialiZes the sequence generators for the
different devices 16-1, 16-2 With a common initialiZation

sequence. Thus, in this case, the base station 12-1 selects the
?rst and second sequences 26-1, 26-2 so that they are the
same. In some embodiments, the initialiZation sequence
selected is a common sequence because it is common among

at least some of the devices 16 in the cell 14-1. For example,
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the initialization sequence selected, and the subsequent
encoding thereof, depends on a physical cell identity for the
cell 14-1.

[0068]

Where such embodiments employ LTE, for

instance, the base station 12-1 determines the decimal repre
sentation of the ?rst and second initialization sequence 26-1,
26-2 according to

device that is con?gured for LTE Rel-8/ 9/ l0 and the second
device 16-2 comprises a newer device that is con?gured for
LTE Rel-l l.
[0072] In some embodiments, the third device 16-3 is a
legacy device. In this case, the base station 12-1 determines
the second sequence 26-2 for the second device 16-2 by
selecting from the second subset 28-2 the initialization
sequence that matches the initialization sequence for a

pseudo-random sequence generator of the third device 28-1.
Cinit :

The base station 12-1 is able to do this because the range of the
second subset 28-2 spans at least the range of the subset of

Na?”

—

where NIDC‘ZH is the physical cell identity for cell 14-1 and
takes on 504 different integer values, and fSSPUSCH is the
sequence-shift pattern for PUSCH that takes on 30 different
integer values {0,29}. Hence, it can be seen that the range for
cl-m-t is {0,541 The base station 12-1 encodes the ?rst initial
ization sequence 26-1 for the ?rst device 16-1 as a set 32-1 of

parameters that simply includes NIB“?ZZ and fSSPUSCH. Even
though the second initialization sequence 26-2 for the second
device 16-2 is the same as the ?rst sequence 26-1, the base

station 12-1 encodes that second sequence 26-2 differently,
according to any of the embodiments described above. The
base station 12-1 may for instance encode the second
sequence 26-2 as the single parameter Z (either directly as the

10 least signi?cant digits of the sequence, or by mapping the
sequence to the parameter Z), or encode the second sequence
26-2 as the parameters x, y, where

possible initialization sequences for the third device 16-3;
that is, the initialization sequence for the second device 16-1
is able to take on values that are possible for the third device
16-3. With the initialization sequences for the second and
third devices 16-2, 16-3 the same, the base station 12-1 is able

to achieve inter-cell orthogonality for these paired devices
16-2, 16-3 through use of different orthogonal cover codes

(OCCs) for the devices. Notably, therefore, by con?guring
the initialization sequences in this way, the base station 12-1
is able to arbitrarily pair a newer device 16-2 in cell 14-1 with
any legacy device 16-3 in a different cell 14-2 for achieving

inter-cell orthogonality between those devices’ uplink refer
ence signals 22-2, 22-3.
[0073] In the above embodiment, the base station 12-1 may
receive the initialization sequence for the third device 16-3
from the base station 12-2 serving cell 14-2.Altematively, the
base station 12-1 may otherwise obtain that sequence, such as

through knowledge of NIDC‘ZH for cell 14-2 in embodiments
wherein the sequence for the third device 16-3 is cell-speci?c.

30 J and y_fm
_

PUSCH

.

[0069] In other embodiments, the base station 12-1 initial
izes the sequence generators for the different devices 16-1,
16-2 with different sequences that are device-speci?c. In this
case, the base station 12-1 determines the initialization
sequences 26-1, 26-2 based on at least one parameter that is
device-speci?c. In at least some embodiments, the base sta

tion 12-1 determines the sequences 26-1, 26-2 without regard
to the physical cell identity.
[0070] In still other embodiments, the base station 12-1
initializes the sequence generator for the ?rst device 16-1

Of course, the base station 12-1 may pair a newer device 16-1
in cell 14-1 with newer devices in a different cell 14-2 in
analogous manner.

[0074] Those skilled in the art will appreciate that while the
above embodiments were illustrated with particular values,
the embodiments are not limited in this respect. For example,
although the second set 32-2 of parameters was described as
being 9 or 10 bits, and the second sequence 26-2 as being 31
bits, other bit sizes are possible. Likewise, while the ranges of
the ?rst and second subsets 28-1, 28-2 were described as
spanning between a minimum value of 0 and a maximum
value no greater than 541, other ranges are possible.

[0075] Furthermore, those skilled in the art will appreciate
that although terminology from 3GPP LTE-Advanced has

with a cell-speci?c sequence, but initializes the sequence
generator for the second device 16-2 with a device-speci?c

been used to describe embodiments herein, this should not be
seen as limiting the scope of the invention to only the afore

sequence. Where the embodiments employ LTE, for instance,

mentioned system. Other wireless systems, including
WCDMA, WiMax, UMB and GSM, may also bene?t from
exploiting the techniques herein.

the base station 12-1 encodes the ?rst initialization sequence
26-1 for the ?rst device 16-1 as a set 32-1 ofparameters that

simply includes NIDC‘ZH and fSSPUSCH. By contrast, the base

[0076]

Also note that terminology such as base station and

station-12 determines the second initialization sequence 26-2

wireless device (e.g., UE) should be considering non-limiting

for the second device 16-2 without regard to NIDC‘ZH and then

and does in particular not imply a certain hierarchical relation
between the two; in general “base station” could be consid

encodes the second sequence 26-2 as the single parameter z,
or encodes the second sequence 26-2 as the parameters x, y,

ered as device 1 and “UE” device 2, and these two devices

where those parameters do not depend on NIDC‘ZH.

communicate with each other over some radio channel.

[0071] In at least some of these embodiments, the base
station 12-1 initializes the sequence generators in this way
(i.e., in a cell-speci?c manner for the ?rst device 16-1 and in
a device-speci?c manner for the second device 16-2) in order
to maintain backwards compatibility with respect to the ?rst

[0077] Although the above embodiments focused on the
UL of an LTE Rel-ll network, other embodiments may be
applied even to the DL and to other communication protocols.

device 16-1, while achieving inter-cell orthogonality for the
second device 16-2 with respect to a third wireless device
16-3 in a different cell 14-2. Where the embodiments employ

LTE, for example, the ?rst device 16-1 comprises a legacy

[0078]

In view of the above modi?cations and variations,

those skilled in the art will appreciate that FIG. 9 illustrates an
example wireless device 16-2 con?gured according to one or
more embodiments herein. As shown in FIG. 9, the wireless
device 16-2 is at least logically divided into an application
processor 46 that runs user-oriented functions (software
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applications, user interface control, etc.) and an access pro

cially con?gured, e.g., by the execution of stored computer

cessor 48 that implements the air interface protocols, includ

program instructions, to initialiZe a pseudo-random sequence
generator on Which a Wireless device 16-2 bases generation of
an uplink reference signal. The one or more processing cir
cuits 58 are con?gured in this regard to determine a sequence
26-2 from a subset 28-2 of possible initialization sequences
for the pseudo-random sequence generator of the device 16-2.

ing any encryption and authentication processing needed for
netWork access and subscriber accounting via transceiver

circuits 42 and antenna(s) 40.
[0079]

In general, the Wireless device 16-2 includes one or

more processing circuits 44, such as microprocessors, digital
signal processors, or other digital processors, and associated
memory or other computer-readable media, for storing, e.g.,
a computer program the execution of Which con?gures the
device 16-2 according to the teachings herein. In particular,

The one or more processing circuits 58 are con?gured to then
encode the determined sequence 26-2 as a single parameter Z.

Different values for this single parameter Z represent different
possible initialization sequences Within the subset 28-2.

the device 16-2 includes a processing circuit (e.g., a reference

Finally, the one or more processing circuits 58 are con?gured

signal generator) 46 that is specially con?gured, e.g., by the
ate a reference signal for transmission as described above.

to initialiZe the pseudo-random sequence generator of the
Wireless device 16-2 With the determined sequence 26-2 by
transmitting the single parameter Z to the Wireless device

[0080]

16-2.

execution of stored computer program instructions, to gener

Speci?cally, the processing circuit 46 is con?gured

to selectively derive one of the initialiZation sequences Within
a subset of possible initialiZation sequences for the sequence
generator, according to one or more rules that de?ne different
initialiZation sequences in the subset as a function of a single

parameter. The processing circuit 46 is further con?gured to
generate the uplink reference signal based on the derived
initialiZation sequence, and to transmit the generated signal
via the transceiver 42.
[0081] FIG. 10 likeWise illustrates an example base station
12-1 con?gured according to one or more embodiments

herein. Those skilled in the art Will recogniZe that the base
station 12-1 in one or more embodiments includes one or

more processing circuits 56, such as microprocessors, digital
signal processors, or other digital processors, and associated
memory or other computer-readable media, for storing, e.g.,
a computer program the execution of Which con?gures the
base station 12-1 to perform the processing shoWn in FIG. 2 or
4

[0082]

When con?gured to perform the processing shoWn

in FIG. 2, the base station 12-1 includes one or more process

ing circuits (e.g., control/ signaling circuits) 58 that are spe
cially con?gured, e.g., by the execution of stored computer

[0084] Those skilled in the art Will recogniZe that the
present invention may be carried out in other Ways than those

speci?cally set forth herein Without departing from essential
characteristics of the invention. The embodiments are thus to
be considered in all respects as illustrative and not restrictive,

and all changes coming Within the meaning and equivalency
range of the appended claims are intended to be embraced
therein.

What is claimed is:

1. A method implemented by a base station for initialiZing
pseudo-random sequence generators on Which Wireless

devices base generation of uplink reference signals, compris

ing:
determining a ?rst sequence from a ?rst subset of possible
initialiZation sequences for a pseudo-random sequence
generator of a ?rst Wireless device;
determining a second sequence from a second subset of

possible initialiZation sequences for a pseudo-random
sequence generator of a second Wireless device, the
range of the second subset spanning at least the range of
the ?rst subset;

program instructions, to initialiZe pseudo-random sequence
generators on Which Wireless devices 16 base generation of

encoding the ?rst sequence as a ?rst set of tWo or more

uplink reference signals 22 as described above. The one or
more processing circuits 58 are con?gured to determine a ?rst
sequence 26-1 from a ?rst subset 28-1 of possible initialiZa
tion sequences for a pseudo-random sequence generator of a
?rst Wireless device 16-1. The one or more processing circuits
58 are further con?gured to determine a second sequence
26-2 from a second subset 28-2 of possible initialiZation
sequences for a pseudo-random sequence generator of a sec
ond Wireless device 16-2. The range of this second subset
28-2 spans at least the range of the ?rst subset 28-1. More

encoding the second sequence as a second set of one or

over, the one or more processing circuits 58 are con?gured to
encode the ?rst sequence 26-1 as a ?rst set 32-1 of tWo or
more parameters, and to encode the second sequence 26-2 as
a second set 32-2 of one or more parameters. This second set

32-2 comprises feWer bits than the ?rst set 32-1, and includes
at least one parameter not included in the ?rst set 32-1.
Finally, the one or more processing circuits 58 are con?gured

to initialiZe the sequence generators of the ?rst and second
devices 16-1, 16-2 With the ?rst and second sequences 26-1,

26-2 by transmitting the ?rst and second sets 32-1, 32-2 of
parameters to the ?rst and second devices 16-1, 16-2.

[0083]

When con?gured to perform the processing shoWn

in FIG. 4, the base station 12-1 includes one or more process

ing circuits (e.g., control/ signaling circuits) 58 that are spe

parameters;
more parameters, Wherein the second set comprises
feWer bits than the ?rst set and includes at least one

parameter not included in the ?rst set; and
initialiZing the sequence generators of the ?rst and second
devices With the ?rst and second sequences by transmit
ting the ?rst and second sets of parameters to the ?rst and
second devices.
2. The method of claim 1, Wherein the second sequence is
encoded as a single parameter comprising the second set.
3. The method of claim 2, Wherein the ?rst and second
sequences each comprise a de?ned number of bits corre
sponding to the range of a full set of possible initialiZation

sequences, and Wherein the single parameter comprises a
de?ned number of least signi?cant bits from the second
sequence, the de?ned number of least signi?cant bits corre
sponding to the range of the second subset.
4. The method of claim 2, Wherein the second sequence is
encoded based on a de?ned one-to-one mapping of possible
initialiZation sequences Within the second subset to possible
values for the single parameter, Wherein the range of the
single parameter is smaller than the range of the second
subset.
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5. The method of claim 4, wherein the second sequence
cl-m-tis encoded as a single parameter

Cinit
Z = Cinit — Zl 32

the subset to possible values for the single parameter, Wherein
the range of the single parameter is smaller than the range of
the subset.
17. The method of claim 16, Wherein said deriving com

prises deriving the initialization sequence cl-m-t according to
,

Wherein |_XJ denotes a ?oor function that rounds X to the
nearest integer less than or equal to x.

6. The method of claim 1, Wherein the second sequence is
encoded as a linear combination of tWo parameters compris
ing the second set, Wherein a ?rst one of the tWo parameters
encodes a de?ned number of least signi?cant bits from the
second sequence and a second one of the tWo parameters
encodes a de?ned number of more signi?cant bits from the
second sequence not including one or more most signi?cant
bits from the second sequence.
7. The method of claim 1, Wherein the second set of param
eters comprises 9 or 10 bits, and Wherein the second sequence

comprises 31 bits.
8. The method of claim 1, Wherein the ranges of the ?rst and
second subsets each spans betWeen a minimum value of 0 and
a maximum value no greater than 541.

9. The method of claim 1, Wherein the ranges of the ?rst and
second sub sets are different, but correspond to the same num

ber of bits.
10. The method of claim 1, Wherein the ?rst initialization
sequence comprises a cell-speci?c sequence and the second

initialization sequence comprises a device-speci?c sequence.
11. The method of claim 1, Wherein each sequence corre
sponds to a cyclic shift hopping pattern, Wherein a Wireless

device generates an uplink reference signal by applying a
cyclic shift hopping pattern to a cyclic shift and by applying
the resulting cyclic shift to a base sequence.
12. The method of claim 11, Wherein determining the sec

ond sequence comprises selecting from the second subset the
possible initialization sequence that matches an initialization
sequence for a pseudo-random sequence generator of a third
Wireless device, Wherein the third device is served by a dif
ferent cell than the second Wireless device.

13. The method of claim 11, Wherein encoding the second

sequence comprises jointly encoding the second sequence
and an indication of Whether or not cyclic shift hopping is
enabled for the second device as the second set of one or more

Wherein Z is the single parameter and |_XJ denotes a ?oor
function that rounds X to the nearest integer less than or equal
to x.

18. The method of claim 14, Wherein the single parameter
comprises 9 or 10 bits, and the initialization sequence com

prises 31 bits.
19. The method of claim 14, Wherein the range of the single
parameter spans betWeen a minimum value of 0 and a maxi
mum value no greater than 541.

20. The method of claim 14, Wherein the initialization
sequence comprises a device-speci?c sequence.
21. The method of claim 14, Wherein When cyclic shift

hopping is enabled for the device said generating comprises:
determining a cyclic shift hopping pattern from the derived
initialization sequence;

applying the cyclic shift hopping pattern to a cyclic shift;
and
applying the resulting cyclic shift to a base sequence.
22. The method of claim 21, further comprising deriving an
indication of Whether or not cyclic shift hopping is enabled
for the device according to one or more rules that de?ne such
indication as a function of the single parameter.

23. A base station con?gured to initialize pseudo-random
sequence generators on Which Wireless devices base genera

tion of uplink reference signals, comprising a transceiver
circuit and one or more processing circuits con?gured to:
determine a ?rst sequence from a ?rst subset of possible
initialization sequences for a pseudo-random sequence

generator of a ?rst Wireless device;
determine a second sequence from a second subset of pos

sible initialization sequences for a pseudo-random
sequence generator of a second Wireless device, the
range of the second subset spanning at least the range of

the ?rst subset;

parameters.

encode the ?rst sequence as a ?rst set of tWo or more

14. A method implemented by a Wireless device for initial
izing a pseudo-random sequence generator on Which to base

encode the second sequence as a second set of one or more

generation of an uplink reference signal, comprising:
selectively deriving one of the initialization sequences
Within a subset of possible initialization sequences for
the sequence generator, according to one or more rules

that de?ne different initialization sequences in the sub
set as a function of a single parameter, Wherein the single
parameter is received from a base station;

generating the uplink reference signal With the sequence
generator initialized to the derived initialization
sequence; and

transmitting the generated signal.
15. The method of claim 14, Wherein deriving the initial

ization sequence comprises padding the single parameter
With a de?ned number of zeroes.

16. The method of claim 14, Wherein said deriving com
prises deriving the initialization sequence based on a de?ned
one-to-one mapping of possible initialization sequences in

parameters;
parameters, Wherein the second set comprises feWer bits
than the ?rst set and includes at least one parameter not

included in the ?rst set; and
initialize the sequence generators of the ?rst and second
devices With the ?rst and second sequences by transmit
ting the ?rst and second sets of parameters to the ?rst and
second devices.
24. The base station of claim 23, Wherein the second
sequence is encoded as a single parameter comprising the
second set.

25. The base station of claim 24, Wherein the ?rst and
second sequences each comprise a de?ned number of bits
corresponding to the range of a full set of possible initializa

tion sequences, and Wherein the single parameter comprises a
de?ned number of least signi?cant bits from the second
sequence, the de?ned number of least signi?cant bits corre
sponding to the range of the second subset.
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26. The base station of claim 24, wherein the second

generate the uplink reference signal With the sequence

sequence is encoded based on a de?ned one-to-one mapping

generator initialized to the derived initialization
sequence; and

of possible initialization sequences Within the second subset
to possible values for the single parameter, Wherein the range
of the single parameter is smaller than the range of the second
subset.
27. The base station of claim 26, Wherein the second
sequence cl-m-t is encoded as a single parameter

Cinit
,

Wherein |_XJ denotes a ?oor function that rounds X to the
nearest integer less than or equal to x.

28. The base station of claim 23, Wherein the second
sequence is encoded as a linear combination of tWo param
eters comprising the second set, Wherein a ?rst one of the tWo

transmit the generated signal via the transceiver.
37. The device of claim 36, Wherein the one or more pro

cessing circuits are con?gured to derive the initialization

sequence by padding the single parameter With a de?ned
number of zeroes.
38. The device of claim 36, Wherein the one or more pro

cessing circuits are con?gured to derive the initialization
sequence based on a de?ned one-to-one mapping of possible
initialization sequences to possible values for the single
parameter, Wherein the range of the single parameter is
smaller than the range of the subset.
39. The device of claim 38, Wherein the one or more pro

cessing circuits are con?gured to derive the initialization
sequence cl-m-t according to

parameters encodes a de?ned number of least signi?cant bits
from the second sequence and a second one of the tWo param
eters encodes a de?ned number of more signi?cant bits from
the second sequence not including one or more most signi?
cant bits from the second sequence.

J.
Wherein z is the single parameter and |_XJ denotes a ?oor
function that rounds X to the nearest integer less than or equal

29. The base station of claim 23, Wherein second set of
parameters comprises 9 or 10 bits, and Wherein the second

to x.

sequence comprises 31 bits.
30. The base station of claim 23, Wherein the ranges of the

comprises 9 or 10 bits, and the initialization sequence com

40. The device of claim 36, Wherein the single parameter

?rst and second subsets each spans betWeen a minimum value
of 0 and a maximum value no greater than 541.
31. The base station of claim 23, Wherein the ranges of the
?rst and second subsets are different, but correspond to the

prises 31 bits.
41. The device of claim 36, Wherein the range of the single

same number of bits.

42. The device of claim 36, Wherein the initialization
sequence comprises a device-speci?c sequence.
43. The device of claim 36, Wherein When cyclic shift

32. The base station of claim 23, Wherein the ?rst initial
ization sequence comprises a cell-speci?c sequence and the
second initialization sequence comprises a device-speci?c

parameter spans betWeen a minimum value of 0 and a maxi
mum value no greater than 541.

hopping is enabled for the device the one or more processing

sequence.

circuits are con?gured to generate the uplink reference signal

33. The base station of claim 23, Wherein each sequence
corresponds to a cyclic shift hopping pattern, Wherein a Wire

by:

less device generates an uplink reference signal by applying a
cyclic shift hopping pattern to a cyclic shift and by applying
the resulting cyclic shift to a base sequence.
34. The base station of claim 33, Wherein the one or more

processing circuits are con?gured to determine the second

sequence by selecting from the second subset the possible
initialization sequence that matches an initialization
sequence for a pseudo-random sequence generator of a third

Wireless device, Wherein the third device is served by a dif
ferent cell than the second Wireless device.
35. The base station of claim 33, Wherein the one or more

processing circuits are con?gured to encode the second
sequence by jointly encoding the second sequence and an
indication of Whether or not cyclic shift hopping is enabled
for the second device as the second set of one or more param
eters.

36. A Wireless device con?gured to initialize a pseudo
random sequence generator on Which to base generation of an
uplink reference signal, comprising a transceiver and one or
more processing circuits con?gured to:
selectively derive one of the initialization sequences Within
a subset of possible initialization sequences for the
sequence generator, according to one or more rules that
de?ne different initialization sequences in the subset as

a function of a single parameter;

determining a cyclic shift hopping pattern from the derived
initialization sequence;

applying the cyclic shift hopping pattern to a cyclic shift;
and
applying the resulting cyclic shift to a base sequence.
44. The device of claim 43, Wherein the one or more pro

cessing circuits are further con?gured to derive an indication
of Whether or not cyclic shift hopping is enabled for the device
according to one or more rules that de?ne such indication as

a function of the single parameter.
45. A method implemented by a base station for initializing
a pseudo-random sequence generator on Which a Wireless

device bases generation of an uplink reference signal, com

prising:
determining a sequence from a subset of possible initial

ization sequences for said pseudo-random sequence

generator;
encoding the determined sequence as a single parameter,
Wherein different values for the single parameter repre
sent different possible initialization sequences Within

the subset; and
initializing said pseudo-random sequence generator of the
Wireless device With the determined sequence by trans

mitting the single parameter to the Wireless device.
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