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transmissions are organized into radio frames of 10 ms, each radio frame consisting of
ten equally-sized subframes of length Tsufame =1 ms, as illustrated in Figure 2b.
Furthermore, the resource allocation in LTE is typically described in terms of resource
blocks, also called Physical Resource Blocks (PRB), where a resource block

30 corresponds to one slot of 0.5 ms in the time domain and twelve contiguous subcarriers
in the frequency domain, as illustrated in Figure 3a. Resource blocks are numbered in

the frequency domain, starting with 0 from one end of the system bandwidth.
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actually three variants of this PUCCH fornat: PUCCH format 2, PUCCH f or mat
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25 the two slots of an uplink subframe, i.e. a pair of resource blocks or PRBs. In order to
provide frequency diversity, these frequency resources are frequency hopping on the
slot boundary, i.e. one resource consists of 12 subcarriers at the lower part of the
spectrum within the first slot of a subframe and an equally sized resource at the upper
part of the spectrum during the second slot of the subframe or vice versa. If more
30 resources are needed for the uplink L1/L2 control signaling, e.g. in case of a very large

overall transmission bandwidth supporting a large number of users, additional resource
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is a suboptiml resource utilization which affects .
different types of uplink control signaling. In LTE Rel-8, a PUCCH format 1 resource is

20 defined and used for either a HARQ acknowledgement or a scheduling request.
PUCCH format 1 is capable of at most two bits of information per subframe. As a
channel status report consists of multiple bits per subframe, PUCCH format 1 may
obviously not be used for signaling channel status reports. Transmission of channel

status reports on the PUCCH is instead handled by PUCCH format 2, which is capable

25 of multiple information bits per subframe. There are actually three variants of this
PUCCH format: PUCCH format 2, PUCCH format 2a, and PUCCH format 2b. The will

hereinafter all be referred to as PUCCH format 2 for the sake of simplicity.

However, with the introduction of carrier aggregation (CA) in LTE Rel-10, a new
PUCCH format is needed. In LTE Rel-10 the total available spectrum may be wider
30 than the maximum 20 MHz LTE carrier corresponding to the total available spectrum in

Rel-8, and may appear as a number of LTE carriers to an LTE Rel-8 UE. Each such
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10i npl MARYFi gure 2a illustrates the LTE downlink physical resources.

From a network configuration perspective it is of interest to have the same amount of
resources utilized for PUCCH format 3 in all subframes. The PUCCH format 3
resources are most likely to be allocated at the band edge together with PUCCH format
25 2 and PUCCH format 1. However, the fact that less UEs may share the PUCCH format
3 resource in a subframe where SRS are transmitted and a shortened PUCCH format 3
is used, will have the effect that more resource blocks will be allocated for PUCCH
format 3 when SRS is transmitted in the same subframe as PUCCH, compared to when
no SRS are transmitted. The conventional solution to the problem of the varying
30 resource need would be to overprovision PUCCH format 3 resources so that the
PUCCH format 3 may extend into more resource blocks in case of subframes where
the shortened PUCCH format 3 is used, without risking a collision with other

transmissions. However, the drawback is a suboptimal resource utilization which affects
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schedulus@g in euesdfiarhde information is instead conveyed by the presence or
absence of energy on the correspondi ng PUCCH 30However, the scheduling

request, although used for a conpletely different purpose share the sane
PUCCH fior Rgeordanes e WikraRaiRabneegaineent, Fhiuser oeRHPMaNt: dpkr pevireless

communication system, configured to identify a resource to use for a transmission of
control information on a physical uplink control channel, PUCCH, format 3 is provided.
25 The user equipment comprises a receiving unit adapted to receive a resource index
from a serving radio base station, and an identifying unit adapted to identify the
resource to use for the transmission of the control information in a subframe based on
the received resource index. The identified resource is within a same confined set of
PRBs regardless of if a normal or a shortened PUCCH format 3 is used in the

30 subframe.

An advantage of embodiments is that the resource utilization is improved as there is no



WD 2012/ 0238928PCT/ SE2011/ 050303 to as PUCCH format 1 in the 3GPP LTE
specifications. A PUCCH format 1 resource, used for either a HARQ

acknow edyereer02s892a schedul i ng request, is represent edPoy/SE2@ilfnfi3e3 scal ar
resource index. The UE does not know what physical resources that are

configuredq for PUCCH, i no he 5 resour.ce i ndex,. .Fr.om the i ndex,

t he pg&%grtBt M&BIP VA EPHE(%H ﬁ’éﬁ'\éizﬁt f%%RVé‘Pesng‘Llaﬁ’&'hsfeSP'é "&é}'ghl%rdgy%%rﬂ HARQ
tr ansni§sh @ty akd b ESHPULCANOIAELBAVANHEE IS Bat it' DB SS isipfedt dunfigdRBon
acknow edgerent is given inplicitly %y@ttphe downl i nk control signaling on

t he Phpéiesaur@siar pitler EAHEC Ul foanalsrand gthecchgnngded t o schedul e the downl i nk
transm ssion to the UE. Thus, the resources to use for an uplink HARQ 10

acknow e t.va ' d i annel
ased t SUen Bt RvABE i YedDfes SE HHhodienfs daithe Fhkantd dh TR
by gsi rr@lo\/\hf?Ela@méd dwriptios veherp cohsidpresisinbcdnjtipctiom withi thp eacsostpamyying
schedul e a according to a specific pattern. In this case the

conf i g@Fawings adf Aai@Sseni - per si stent schedul i ng pattern incl udes
information on the 15 PUCCH resource index to use for the HARQ

acknow edgenent. This is also true for scheduling requests, where

config i k l i E whi ch PUCCH resources to use for
transmgs@Fgﬁﬂ%$&ggﬁm$%wﬂ%9@@rﬁ§us, to summari ze, PUCCH format 1

resources are split into two parts: 1. Asem-static part used for
schedulFigngrer ¢dsiastiscladihgriiRQlastiatiog! @d € EeetwofOvhereis embquimsitst reay lbe
schedul ed UEs. The anobunt of resources used for the sem-static part of
PUEH frBPeReNtef-esour ces does not vary dynamically. 2. A dynamic part used
for dynam cally schedul ed UEs. As the nunber of dynam cally schedul ed

term ”@igul‘éaﬂ ABistrhfed tAERITEL dANIMRSSHYSHRS rekRificdsdr the dynani ¢ PUCCHs
varies. 25 PUCCH format 2 Channel status reports are used to provide the

eNodeB with an estimate of the channel properties at the UE in order to
suppor Figueenk illugtsptasdbal T&tegwaman skuels®nel status report consists of
multiple bits per subframe. PUCCH format 1, which is capable of at nost two

Ft;lu'; Eogkiéﬂeoﬁm%%teg% Eﬁ%%ﬁéﬁiﬁnkga@r&g@ ously not be used for this 30

ansm Ssron o status reports on the PUCCH i s instead
handl ed by WO 2012/ 0238929PCT/ SE2011/ 050303 PUCCH format 2, which is
capabl Fighrensa iliuptratesrffexuemicy dppingsorpsiot bolridaies. foPBOCCH cesmurces. i s based
on a phase rotation of the sane cell-specific sequence as

15 Figure 3b illustrates an example of allocation of resource blocks for different PUCCH

formats.
Figure 4 illustrates a carrier aggregation of five 20MHz component carriers.

Figures 5a-b illustrates the transmission scheme for normal and shortened PUCCH

format 3 respectively.

20 Figures 6a-c are flowcharts of the method performed by the UE according to

embodiments.

Figure 7 is a block diagram illustrating an arrangement in the UE that may implement

the method illustrated in the flowcharts of Figures 6a-c.

Figures 8a-b are block diagrams illustrating the UE according to embodiments.

25 DETAILED DESCRIPTION

In the following, different aspects will be described in more detail with references to
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bl ock Carrier Aggregation The LTE Rel-8 standard has recentl been

st andarLbEsZ@demhoelmmtsmpﬁwiﬁtqur@%m\,wr@me telgprlhenesy Pegers, RsAdsets, [apkPRor der
e K nternational Tel ecomunication Union's
(H%;E Ecgh{cb %'%Oéﬂde(r?[% |ona t%ﬂﬁe% Communi cations (I M)-Advanced, 3GPP has
initiated vvork on LTE Rel -10. One of the
This disclosure relates to a method in a UE of a wireless communication system, for

identifying a resource to use for a transmission of control information on a PUCCH

format 3. The following paragraphs details the background.

PUCCH format 1

20 HARQ acknowledgements are used to acknowledge the reception of one transport
block in the downlink. In case of spatial multiplexing, the reception of two transport
blocks may be acknowledged. As already explained above, HARQ acknowledgements
are transmitted on PUCCH.

Scheduling requests are used to request resources for uplink data transmission.
25 Obviously, a scheduling request should only be transmitted when the UE is requesting
resources, otherwise the UE should be silent in order to save battery resources and not
create unnecessary interference. Hence, unlike HARQ acknowledgements, no explicit
information bit is transmitted in the scheduling request; the information is instead
conveyed by the presence or absence of energy on the corresponding PUCCH.
30 However, the scheduling request, although used for a completely different purpose,
share the same PUCCH format as the HARQ acknowledgement. This format is referred
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wideband LTE Rel-10 carrier. The straightforward way to obtain this is by means of

20  Carrier Aggregation (CA). CA implies that an LTE Rel-10 UE may receive multiple CC,
where the CC have or at least are enabled to have the same structure as a Rel-8
carrier. CA is schematically illustrated in Figure 4, where five CC of 20 MHz provide a
total aggregated bandwidth of 100 MHz.

The number of aggregated CC as well as the bandwidth of the individual CC may be

25  different for uplink and downlink. A symmetric configuration refers to the case where the
number of CCs in downlink and uplink is the same, whereas an asymmetric
configuration refers to the case where the number of CCs is different. It is important to
note that the number of CCs configured in a cell may be different from the number of
CCs seen by a UE. A UE may for example support more downlink CCs than uplink

30 CCs, even though the cell is configured with the same number of uplink and downlink
CCs.

Initially, an LTE Rel-10 UE behaves similar to a LTE Rel-8 UE and will be configured
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PCC pair, the eNB may depending on the UE’s capabilities and the network configure
the UE with additional CCs, so called Secondary Component Carriers (SCC), as
needed. This configuration is based on Radio Resource Configuration (RRC). Due to
the heavy signaling and rather slow speed of RRC signaling it is envisioned that a UE
may be configured with multiple CCs even though not all of them are currently used. To
avoid that a UE has to monitor all configured DL CCs for PDCCH and Physical
Downlink Shared Channel (PDSCH) which results in a high power consumption, LTE
Rel-10 supports activation of CCs on top of configuration. Since activation is based on
Medium Access Control (MAC) signaling — which is faster than RRC signaling —
activation and de-activation may follow the number of CCs that is required to fulfill the
current data rate needs. Upon arrival of large data amounts multiple CCs are activated,
used for data transmission, and de-activated if not needed anymore. All but one CC —
the downlink PCC — may be de-activated. Activation provides therefore the possibility to
configure multiple CC but only activate them on a need basis. Most of the time a UE
would have one or very few CCs activated resulting in a lower reception bandwidth and

thus battery consumption.

Scheduling of a CC is done on the PDCCH via downlink assignments. Control
information on the PDCCH is formatted as a Downlink Control Information (DCI)
message. In Rel-8, a UE only operates with one DL and one UL CC, and the
association between DL assignment, UL grants and the corresponding DL and UL CCs
is therefore clear. In Rel-10, two modes of CA needs to be distinguished: The first mode
of operation is very similar to the operation of multiple Rel-8 terminals; a DL assignment
or UL grant contained in a DCI message transmitted on a CC is either valid for the DL
CC itself or for associated UL CCs, associated either via cell-specific or UE specific
linking. A second mode of operation augments a DCI message with the Carrier
Indicator Field (CIF). A DCI containing a DL assignment with CIF is valid for the DL CC
indicted with CIF and a DCI containing an UL grant with CIF is valid for the indicated UL
CC.

DCI messages for downlink assignments contain among others a resource block
assignment, modulation and coding scheme related parameters, and a HARQ

redundancy version. In addition to the parameters that relate to the actual downlink
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transmission, most DCI formats for downlink assignments also contain a bit field for
Transmit Power Control (TPC) commands. These TPC commands are used to control
the UL power control behavior of the corresponding PUCCH that is used to transmit the
HARQ feedback.

5 PUCCH transmission with Carrier Aqgregation

When support for CA is introduced in LTE Rel-10, a PUCCH format that enables
feedback of multiple HARQ bits corresponding to multiple CCs is needed, as will be
explained below. Such a PUCCH format is in the following referred to as PUCCH
format 3, which is the terminology used in the 3GPP standard. Equivalent terms are CA

10 PUCCH format, and DFTS-OFDM PUCCH format. PUCCH format 1 may also be
referred to as a Rel-8 PUCCH.

From a UE perspective, both symmetric and asymmetric UL/DL CC configurations are
supported. For some of the configurations, one may consider the possibility to transmit
the UL control information on multiple PUCCH or multiple UL CCs. However, this option
15 s likely to result in higher UE power consumption and a dependency on specific UE
capabilities. It may also create implementation issues due to inter-modulation products,

and would lead to generally higher complexity for implementation and testing.

Therefore, the transmission of PUCCH has no dependency on the UL/DL CC
configuration, i.e. as a design principle all UL control information for a UE is semi-

20 statically mapped onto one specific UL CC: the UL PCC, also referred to as the anchor
carrier. Furthermore, a cell-specific linking between UL PCC and DL PCC exist, i.e. all
terminals sharing the same DL PCC will have the same UL PCC. In an asymmetric
deployment scenario it may still be possible that multiple DL CCs are cell-specifically
linked with the same UL PCC.

25 UEs that are configured with only a DL PCC and an UL PCC are operating dynamic
ACK/NACK on PUCCH according to Rel-8 specifications, i.e. on the PUCCH format 1
resource as described previously. The first Control Channel Element (CCE) used to
transmit PDCCH for the DL assignment determines or identifies the dynamic
ACK/NACK resource on PUCCH format 1. If only one DL CC is cell-specifically linked

30 with the UL PCC, no PUCCH collisions may occur since all PDCCH are transmitted
using different first CCE.
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of HARQ bits corresponding to the number of configured CCs also for a single DL PCC

assignment. However, since configuration is a rather slow process and a UE may often

be configured with multiple CC even though only the DL PCC is active and used, this

would lead to inefficient use of PUCCH format 3 resources.

15 Upon reception of DL assignments on a single SCC or reception of multiple DL
assignments, the PUCCH format 3 should be used. While in the latter case it is obvious
to use PUCCH format 3, as that is the only format that supports feedback of HARQ bits
of multiple CCs, it is less clear to use PUCCH format 3 in the first case. However, a DL
SCC assignment alone is untypical. The eNB scheduler should strive to schedule a

20 single DL CC assignment on the DL PCC and try to de-activate SCCs if not needed.
Another issue is that PDCCH for a DL SCC assignment is transmitted on the SCC,
assuming that CIF is not configured, and therefore there is no automatically reserved
PUCCH format 1 resource on the UL PCC in this case. Using the PUCCH format 1
resource even for stand-alone DL SCC assignments would require reserving PUCCH

25 format 1 resources on the UL PCC for any DL CC that is configured by any UE using
this UL PCC. Since stand-alone SCC assignments are untypical this would lead to an

unnecessary over provisioning of PUCCH format 1 resources on UL PCC.

A possible error case that may occur is that an eNB schedules a UE on multiple DL
CCs including the PCC. If the UE is unable to decode all but the DL PCC assignment it

30 will use PUCCH format 1 instead of PUCCH format 3. To detect this error case, the
eNB has to monitor both the PUCCH format 1 and the PUCCH format 3.

Depending on the number of actually received DL assignments the UE has to provide
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the corresponding number of HARQ feedback bits. In a first case the UE could adopt
the PUCCH format 3 according to the number of received assignments and provide
feedback accordingly. However, PDCCH with DL assignments may get lost, and
adopting the PUCCH format 3 according to the received DL assignments is therefore

5 ambiguous and would require testing of many different hypothesizes at the eNB.

Alternatively the PUCCH format could be set by or included in the activation message.
The activation and de-activation of each CC is done with MAC control elements. As
MAC signaling and especially HARQ feedback signaling that indicates if the activation
command has been successfully received is error prone, also this approach requires

10  testing of multiple hypothesizes at the eNB.

Basing the PUCCH format on the number of configured CC therefore seems to be the
safest choice, and has been adopted for systems using Frequency Division Duplex in
the 3GPP LTE standard. The configuration of CC is based on RRC signaling as already
mentioned previously. After successful reception and application of a new configuration
15 a confirmation message is sent back, thus making configuration based on RRC
signaling very safe. The drawback of RRC signaling is the relatively slow speed and
that the number of currently used CCs cannot be tracked, leading to a performance loss
when the number of actually used CCs is smaller than the number of configured CCs.

PUCCH format 3

20 Figure 5a shows a block diagram of one embodiment of the transmission scheme for a
normal PUCCH format 3, which is based on DFTS-OFDM for UEs supporting more
than four ACK/NACK bits. The multiple ACK/NACK bits, which may also include
scheduling request information bits and/or channel status information bits, are encoded
501, 502 to form 48 coded bits. The coded bits are then scrambled 503 with cell-

25 specific, and possibly DFTS-OFDM symbol dependent sequences. 24 bits are
transmitted within the first slot in each DFTS-OFDM symbol and the other 24 bits are
transmitted within the second slot in each DFTS-OFDM symbol. The 24 bits per each
DFTS-OFDM symbol are converted 504 into 12 QPSK symbols, multiplied with an
orthogonal time domain cover sequence [w(0)...w(4)] across five DFTS-OFDM

30 symbols, Discrete Fourier Transform (DFT) precoded and transmitted within one
resource block in the frequency domain and five symbols in the time domain. The

orthogonal time domain cover sequence is UE specific and enables multiplexing of up
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Correlation (CAZAC) sequences may be used. To improve even further the

orthogonality among reference signals, an orthogonal cover code of length two

[v_v (0), W(l)] may be applied to the reference signal symbols.

10
Table 1 Orthogonal sequences [W(O) o W(Ngs & — l)] NgthgCH =5.
Sequence Orthogonal sequences
index - PUCCH
nny | PO Vg ]
oC S
0 111 1 1]
1 1 ej27z'/5 e]4ﬂ/5 ej67r/5 ej87r/5
2 1 e]47t/5 ej87r/5 ej27z/5 ej67r/5
3 1 ej67r/5 ej27r/5 ej87r/5 ej47r/5
4 1 8187[/5 ej67r/5 e]47z/5 ej27r/5

When SRS are configured in a subframe, they are transmitted in the last DFTS-OFDM
symbol of the subframe. This implies the need of a special shortened PUCCH format 3,

15 which is muted in the last DFTS-OFDM symbol of the subframe carrying SRS. This
muting is done to avoid collisions with SRS transmissions from other UEs when SRS
and PUCCH are transmitted in the same subframe.

One embodiment of the transmission scheme for such a shortened PUCCH format 3 is

illustrated in the block diagram of Figure 5§b. The difference between Figure 5b and
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disturb other UEs that are transmitting SRS in the same resource block as the PUCCH
format 3 is transmitted. An advantage of the shortened PUCCH format 3 is that a UE
transmitting the PUCCH has the possibility to send SRS in the last DFTS-OFDM

5 symbol of the subframe without transmitting multiple clusters. However, as the last
DFTS-OFDM symbol in the second slot of the subframe is punctured, it will only be
possible to multiplex four users within the same resource block pair in this embodiment.
An example of a four point orthogonal sequence that could be used is shown in Table2.

N;PlcCH corresponds to the number of orthogonal sequences available for a PRB in a

10  second time slot, i.e. the time slot 1, of the subframe. In this embodiment, N gFU fCH is

equal to 4, as a shortened PUCCH format 3 is used.
Consequently, the UE’s choice of using a normal or shortened PUCCH format 3 in a

particular subframe is primarily dependent on if the eNB has allocated the cell specific
SRS pattern in that subframe or not.

15
Table 2 Orthogonal sequences [w(O) W(N;‘,ffCH _1)] for

N =4

Sequence index Orthogonal sequences

n,.(ng) :w(O) W(N;%CCH _1)]

0 +1 +1 +1 +1]

1 +1 -1 +1 -1

2 +1 -1 -1 +1]

3 +1 +1 -1 -1

The resource assigned to send the PUCCH format 3 on could be given by explicit
20 signaling, for example by RRC signaling, and/or with a dynamic explicit signaling in one
or several DCI messages. The resource could also be given by implicit signaling, for

example by which CCEs the corresponding PDCCH message is sent on. It could also
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From the network perspective, a set of resource blocks are typically set aside for
handling PUCCH format 3. This set of resource blocks will most likely be allocated at
the two edges of the total system bandwidth, on resource blocks adjacent to either

5 PUCCH format 2 or PUCCH format 1 or both of them, in order to achieve maximum
frequency diversity when frequency hopping on the slot boundary.

In the following example, 15 PUCCH format 3 resource blocks or PRBs are configured.

In a subframe where no SRS are transmitted and the normal PUCCH format 3 is used,

the 15 PUCCH format 3 resources may be organized with the PRB locations and
10 Orthogonal Cover Code (OCC) sequence indices given in Table 3.

Table 3
OCCp |OCC; |OCC, |0OCCs; |0OCCy
PRBy |0 1 2 3 4
PRBy |5 6 7 8 9
PRB, |10 11 12 13 14

In-a subframe where SRS are transmitted and the shortened PUCCH format 3 is used,
only four UEs may be sharing the same PRB, instead of five. The 15 PUCCH format 3

resources may therefore be organized with the PRB locations and OCC sequence

15 indices given in Table 4, if a conventional resource block mapping for PUCCH is used:
Table 4
OCCy, | OCCqy |OCC, |0OCCs
PRBy |0 1 2 3
PRB, |4 5 6 7
PRB, |8 9 10 11
PRB; |12 13 14
The 15 PUCCH format 3 resources will thus not fit into the same set of PRBs. The
resources used for PUCCH format 3 will extend into one further PRB. This variation of
needed resource blocks is a problem, as the network then needs to overprovision
20 PUCCH format 3 resources in a subframe where the normal PUCCH format 3 is used,

to handle that the PUCCH format 3 would extend into more resource blocks in a

subframe where the shortened PUCCH format 3 is used. Another approach would be to
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limited amount of signaled resources.

In a first embodiment, the resource used by the UE to transmit the PUCCH format 3 is
limited to be within a signaled set of values, also on a per PRB basis. This means that
the UE identifies the same PRB for the PUCCH format 3 transmission, regardless of if a
20 normal or a shortened PUCCH format 3 is used. An example of this first embodiment is

described hereinafter.

In this example, 15 PUCCH format 3 resources are configured. In a subframe where a
normal PUCCH format 3 is used, the 15 PUCCH format 3 resources are organized as
illustrated in Table 3.

25 However, in a subframe where a shortened PUCCH format 3 is used, the 15 PUCCH
format 3 resources are organized with the PRB locations and OCC sequence indices

given in Table 5.

30
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i ndi cajintihl Skysical radio resources or PRBs. Hence, these two radio resources cannot

5 be used by two UEs in this subframe with shortened PUCCH format 3. To avoid such a
collision, the network may schedule the PUSCH for these UEs such that only one will
be transmitting PUCCH format 3. When a UE is scheduled to transmit PUSCH data, the
control information that normally is transmitted on PUCCH may be transmitted together
with the PUSCH data instead, and no PUCCH format 3 resource is thus needed for that

10 UE. However, the first embodiment does not introduce such a scheduling restriction if
the PUCCH format 3 resources are assigned such that no more than four resources

occupy any of the configured PRBs.

In the first embodiment, the resource index used by the UE to identify the PUCCH

format 3 resource is given by the following equation:

_ PUCCH
15 Ppuccr = (nstaticmresource + ndynamic_resource + nzmpltcrt ) N, SF,0 N start 1 (1)

where Py, .. resource 1S the resource index assigned explicit and statically by using
for example RRC signaling, ndynamic_resource is a dynamic resource indicator which

is indicated in one or several DL assignments, nimplicit is the implicit resource

indicator derived for example for one or several DL assignments’ CCE positions, N start

20 is the starting positioning of the PUCCH format 3 resource which could be given in a
number of PRBs from the band edge, NgggCH =5, and N ppre_oppas 18 the total

number of PUCCH format 3 resources that exist, for example in terms of resource

blocks. If any of the resource indices or indicators nsmﬁc_,,esource ,
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dynam c _resourcenplicit are not present, they are set to zero in the

f or mul i r r I . - At s in
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sequence i ndex used for the PUCCH format 3 is in enbodi ments given 5hy:
PUCCH no, (ns) £ nPUCCH | MX4 v, where NspFuiccH = 5 in case the normal PUCCH
format 3 is uselpmauwy NspFui ccH =4 in case the shortgned PUCCH format 3 is
used. ’prB & segeudcenpodi ment, the resource used b(? the UE to transmt the
PUCCH f or mat OF6 |ijmted to be within a confined set of values. An
exanple of this second enbodi ment is described hereinafter.

The orthogonal sequence index used for the PUCCH format 3 is in embodiments given
5 by:

_ PUCCH
oo (1) = Npyeey mOd N SE1 (3)
where Ng " =5 in case the normal PUCCH format 3 is used and Ng ;" =4 in case

the shortened PUCCH format 3 is used.

In a second embodiment, the resource used by the UE to transmit the PUCCH format 3
10 is limited to be within a confined set of values. An example of this second embodiment

is described hereinafter.

In the example, 15 PUCCH format 3 resources are configured in analogy with previous
examples. In a subframe where the normal PUCCH format 3 is used, the 15 PUCCH

format 3 resources are organized as illustrated in Table 3.

15 In a subframe where the shortened PUCCH format 3 is used, the 15 PUCCH format 3

resources are organized with the PRB locations and OCC sequence indices given in

Table 6.
Table 6
OCCy |OCC;y |OCC, |OCCs
PRBy |0,12 1,13 2,14 3
PRB, |4 5 6 7
PRB, |8 9 10 11

It may be observed that, for instance, PUCCH format 3 resources 0 and 12 utilize
20 identical physical radio resources. Hence, these two PUCCH format 3 resources cannot
be used by two UEs in the subframe with the shortened PUCCH format 3 . To avoid
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In a subframe where the shortened PUCCH format 3 is used, the 15 PUCCH

format 3 resources are organi zed w t ' d
|l cesUgh GpliSPTT B SeBORBAY SSheddeiher Sards S UEsmBshdhaL 3T orEs 2,
14 3 PBBthetn wal b@traﬁsﬂﬁﬁgg PUCCH format 3.

In the second embodiment, the resource index used by the UE to identify the PUCCH

format 3 resource is given by the following equation:

. PUCCH
5 Ppucen = (nstatic_resource + ndynamic_resource + nimplicit )mOd(N SF,1 N DFTS-OFDM )’ (4)

where Wi resource i the resource index assigned explicit and statically by using
for example RRC signaling, ndynamic resource 1S @ dynamic resource indicator which

is indicated in one or several DL assignments, nl'mpll‘cjt is the implicit resource
indicator derived for example for one ore several DL assignments CCE positions,
10 Né)EICCH =5 in case the normal PUCCH format 3 is used and N;EJSCH =4 in case

the shortened PUCCH format 3 is used. If any of the resource indices or indicators

nstatic_resource : ndynamic_resource e implicit are not present, i.e. are not used to

signal the resource index, they are set to zero in the formula (4). In general,

PUCCH
N

sr1  provides the multiplexing capacity or the number of orthogonal sequences

15 available for a resource block in the second slot of a given subframe, and
N prrs—orpy 18 the total number of PUCCH format 3 resources that exists, for

example in terms of resource blocks.

The resource block to be used by the PUCCH format 3 is in one embodiment given by:

_| Pruccu
Nprg = | —pocer | T N stare (5)
N SF,1
20 where N ware 18 the starting positioning of the PUCCH format 3, which could be given in

a number of PRBs from the band edge. The orthogonal sequence used for the PUCCH

format 3 is in one embodiment given by:

B PUCCH
Moo (1) = Npyecy MOd N SF1 - (6)
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PUCCH pl#d( SF, X JDFTS- OFRfdd IV (4), SnPUCCH (nstatic _resource + n dynamc
resourcepél-crqf’m ciIt)(fcﬁﬁlif’%/\herestépf%_cOFfVég%(ifﬂ(:e is the resource index assigned

expl i ci tyand=s¥qGi |y by using n for exanmple RRC_signaling, n dynamc
resource’ I's aﬁgwf&%}%yr esource indicator which is §/Adicated in one or

several 7. as izﬁnf;gég{,s) ninplicit is the inplicit resource indicator
derived for exanple for one ore several DL assignnents CCE positions, 10

PUCCH 'V 5 in case the normal PUCCH fornmat 3 is used and NPuccH = 4 in case
where 7 PUCCH —sig is the signaled resource index, or a resource index derived e.g. as

5 the sum of implicitly and explicitly signaled indices

(n +n1.mplic,-t ), to be used in the subframe, and

static _resource +n dynamic _resoource
N prrs-orpm-puccen S the total number of PUCCH format 3 resources available in the

given subframe. The functions f(7)and f2(7)map a given resource index 7 to the

PRB and the OCC respectively.

10  Figure 6a is a flowchart of the method in the UE of a wireless communication system,
according to embodiments. The method is used for identifying a resource to use for a

transmission of control information on a PUCCH format 3. The method comprises:
— 610: Receiving a resource index from a serving RBS.

— 620: Identifying the resource to use for the transmission of the control
15 information in a subframe based on the received resource index. The identified
resource is within a same confined set of PRBs regardless of if a normal or a

shortened PUCCH format 3 is used in the subframe.

Figure 6b is a flowchart of the method in the UE according to the first embodiment
described above. The method comprises the initial step of receiving 610 a resource
20 index from a serving RBS. The step 620 of identifying the resource to use for the
transmission of the control information in a subframe based on the received resource

index comprises:

— 621: Identifying a PRB based on the received resource index, wherein the
identified PRB is the same regardless of if a normal or a shortened PUCCH

25 format 3 is used in the subframe. The PRB may in one embodiment be identified

based on 7155 given by equation (2) above.



SF, 1 the shortened PUCCH format 3 is used. If any of the resource indices
or indicators nstatic _resourcedynam ¢ _ resourceinplicit are not present,

i .e. are wotoileges8eo n signal the reddur ce i ndex, theyPaTSES@EL/05030Zero in
the formula (4). In general, AT SF1 PUCCH provides the nultiplexing

capacity or e nurher of orfhogonal sequences v, 15 available for a
ebour cu Bl 622 1RGN cen AHEREN A SR tEn G posat pah ‘SifeoRne pedeeta i s
sogurces that exists, for exanple in

the total nunper of P f or nat r
terms of re r%xc}gomg'ggﬁ:g} el%@“?@égb?@%"% ock to be used by the PUCCH f or mat
3 is in one enbodi ment given by: n PRB = n PUCCH + Nstart (5) PUCCH SF,
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i o ELRERE 193 Bk anaR Srifie MAnb iR te sl s rli Rt na
sequendiesudisst Bbové hEhEUkElHot cdomprisks thel imitensteiod deosiningdb @ kksouFdCCH
nocgns): NPUCCH nrnu iv_SE ,1 WD 2012/02389222PCT/ SE2011/ 050303
index from a serving RBS. The step 620 of identifying the resource to use for the
transmission of the control information in a subframe based on the received resource

index comprises:

— 623: Calculating a modified resource index based on the received resource

index and a total number of PRBs available for PUCCH format 3.

10 — 624: |dentifying the resource based on the modified resource index, wherein the
identified resource is within a same confined set of PRBs regardless of if a
normal or a shortened PUCCH format 3 is used in the subframe. The modified
resource index may be calculated as a modulo operation with the received
resource index as the dividend and the total number of PRBs available for

15 PUCCH format 3 as the divisor. Based on the modified resource index, a PRB
may be identified based on 71,5, given by equation (5) above. Furthermore, an
orthogonal sequence may be identified based on an orthogonal sequence index

n,. given by equation (6) above.

The UE 800 is schematically illustrated in Figure 8a according to embodiments. The

20 UE 800 is configured to be used in a wireless communications system, and to identify a
resource to use for a transmission of control information on a PUCCH format 3. The UE
comprises a receiving unit 810 adapted to receive a resource index from a serving
RBS, and an identifying unit 820 adapted to identify the resource to use for the
transmission of the control information in a subframe based on the received resource

25 index, wherein the identified resource is within a same confined set of PRBs regardless
of if a normal or a shortened PUCCH format 3 is used in the subframe.

In the first embodiment described above, the identifying unit 820 is adapted to identify a
PRB based on the received resource index, wherein the identified PRB is the same

regardless of if a normal or a shortened PUCCH format 3 is used in the subframe. The

30 identifying unit 820 may be adapted to identify the PRB based on 7, given by



More generally, one possible inplenentation of this second enbodinent is to
apply a nodul o operation to the signal ed or derived PUCCH resource index,

i .e. kUCOMO=2012/(RBISCH - si g nod NDFTS- O2BAI PUCCH n PRB f IPCmRESEGH)§0BY3 nOC
f2(ii PUCCH) where n pucCH -sig is the signaled resource index, or a
resource index_derived
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e di @"Ié [g%scri bed above. The method conprises the initial step of
rgggi Vi ng %1 ‘a resource 5 index froma serving RBS. The step 620 of

identifying the resource to use for the transm ssion of the control
i nf or ndthieounits dassnilisldr abevd adthdrederenice toekiguve Ba ase logieali unitsxasdrgsr neks: -

623: Cal cul ating a nodified resource.index based on the received resource

i ndex AFGESSAHY g?mﬁ?mtoosfepﬁ@? pé\yglclagﬁrl“gs'for PUCCH format 3. 10- 624:

| denti fying the resource based on the nodified resource index, wherein the
Figure 8b schematically illustrates an embodiment of the UE 800, which is an

alternative way of disclosing the embodiment illustrated in Figure 8a. The UE 800
20 comprises the receiving unit 810 for receiving a resource index from a serving RBS.
The UE 800 also comprises a processing unit 854 which may be a single unit or a
plurality of units. Furthermore, the UE 800 comprises at least one computer program
product 855 in the form of a non-volatile memory, e.g. an EEPROM (Electrically
Erasable Programmable Read-Only Memory), a flash memory or a disk drive. The
25 computer program product 855 comprises a computer program 856, which comprises
code means which when run on the UE 800 causes the processing unit 854 on the UE
800 to perform the steps of the procedures described earlier in conjunction with Figure

6a-c.

Hence in the embodiments described, the code means in the computer program 856 of
30 the UE 800 comprises an identifying module 856a for identifying the resource to use for

the transmission of the control information in a subframe based on the received



identified resource is within a same confined set of PRBs regardless of if
a nornmal or a shortened PUCCH format 3 is used in the subfranme. The

modi fi ed we0wwwsssw2ndex may be cal cul #Ped as a npdul 0 opeTsER@M/O05E30H t he
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orthoggq?al sg& éedbased on an ort hogonal sequence i ndex noc given by
equat i WRTe SECWIS ond embodi nent descri bed above, the
identifying unit 820 is adapted to 5 calculate a nodified resource index
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20 As depicted in Figure 7, a UE receives a DL radio signal through an antenna 702 and
typically down-converts the received radio signal to an analog baseband signal in a
front end receiver (Fe RX) 704. The baseband signal is spectrally shaped by an analog
filter 706 that has a bandwidth BW;, and the shaped baseband signal generated by the
filter 706 is converted from analog to digital form by an analog-to-digital converter

25 (ADC) 708. The digitized baseband signal is further spectrally shaped by a digital filter
710 that has a bandwidth BWsy,, which corresponds to the bandwidth of
synchronization signals or symbols included in the DL signal. The shaped signal
generated by the filter 710 is provided to a cell search unit 712 that carries out one or
more methods of searching for cells as specified for the particular communication

30 system, e.g., 3G LTE. Typically, such methods involve detecting predetermined primary
and/or secondary synchronization channel (P/S-SCH) signals in the received signal.

The digitized baseband signal is also provided by the ADC 708 to a digital filter 714 that



15(6) above. The units described above with reference to Figure 8a are

| ogi cal units and do not necessarily correspond to separate physical units.
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30 function, may receive information signaled by the network and may control the on/off
times of the Fe RX 704.

The control unit 720 provides appropriate information to an encoder 726, which

generates modulation symbols or similar information that is provided to a transmitter
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front-end (FE TX) 728, which generates a transm ssion signal appropriate to
t he combbrevidtions system As depicted in Figure 7, the transm ssion signal
is_provided to the. enna,.702. The copntrol unit 720 wth the encoder 726
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Tel ecommmpeatymsgw2Syst em WO 2012/ 02389229PCT/ SE2011/ 0POBBR2GLASIE 1. A
met hod in a user equi pnent of a wireless comuni cation system for
identifying a resource to use for a transm ssion of control information on
a physiotlim®l i nk control channel, PUCCH, format 3, the nethod conpri sing:
5- receiving (610) a resource index froma serving radi o base station, and

- idenyi fy hﬁk&hé@?r% ds@?eﬁ@@%rﬁ%f towirsiess @6nﬁﬁlﬁléét®?§§93$éh0fbr%eﬁtiﬂﬁn§%nt rol
information in a subframe based on the received resource index, wherein the

i denti fi g@sewsedpasefor wttamsml@sl@rmécemhln@mgé@n on phbysiealiupliak santrel

bl ocks re d PUCCH format 3 is used in
t he lOSUb aagﬁg??’})@é}hle?or ac'@% hGO%n &}ﬁéﬁﬁﬁ im1l, wherein identifying
(629) the-r eseivieg (E10yRS Ie%eardedﬂdékfmms sebadg radip byse eadtioheandr ce bl ock
based on the received resource index, wherein the identified physical

resour ce bl EEotifdng K828} nder é@%ﬁ%ﬂ?%s@ arsej fora theyr tramsmisgiong of h'@)"let &RBHolPUCCH
f t 3 2
wherei n ¢ hepgaatdh b8 St Basfd, M RAEARGHAE dd, RiBhiane,

the fol | ow mpnéifiectresource IE’RBlﬂTnPaJ@I@mé cmnﬁrﬁed) set @f@@ﬁ@@Hresc&ﬁmﬁdﬂmk&s
PUCCH i s the reéel ved resource index E\ 8 3}:8 ?_‘g r of r.t hogonal
sequences alRHardlsse ¢hoff & PRYAlca & s8stipeed dridek 0@”‘51‘ sls vPfe 18| of
t hggsubf rang,ps The nmethod according to any of the preceding clains,

wher ei n |dent|{y|ng (620) the 25resource conprises identifying (622) an
ort hogonal sequence based on an orthogonal sequence index noc given by the

foll sz.ngﬂ'?eqlrjnaettﬁgé] :accAor]d%E;' t%u&gljﬁn 1, wherein identifying (620) the resource comprises
identifying (621) a physical resource block based on the received resource index,
wherein the identified physical resource block is the same regardless of if a normal

15 or a shortened PUCCH format 3 is used in the subframe.

3. The method according to claim 2, wherein the physical resource block is identified

based on 7,55 given by the following equation:

Rpuccu

Pprp = N/ PUCCH
SF,0
. . . PUCCH .
20 where Wpy ey 18 the received resource index and NSFO is a number of

orthogonal sequences available for a physical resource block in a first time slot of

the subframe.

4. The method according to any of the preceding claims, wherein identifying (620) the
25 resource comprises identifying (622) an orthogonal sequence based on an

orthogonal sequence index 7, given by the following equation:

_ PUCCH
oo = Npycey MOA N, SF.1



floc = nPUCCH MCI 1V SF, 1 WO 2012/02389230PCT/ SE2011/ 050303 PUCCH where n
PUCCH is the received resource index, ,and Nis a nunber of SF, 1 orthogonal
sequenceswavaidmebgoe for a physical §§urce bl ock in a seTsEAMINOMI0Z] ot of
t he subfrane. 55. The net hod accord| ng to claim11, wherein identifying
(620) the resource conprises: - calculating (623) a ppdifii ed resource index
based on wiherer 8gpiygdist dwueceiveddmsournd indeo, aandwdhfgle[ of isply sLigdder of
resource bl ocks available for PUCCH format 3, and identifying (624) the
resource dmﬁmgrdnahsed{lmnmdief\/iaﬁdbleefsoarpj'e/smadjeasoumebmak inteeseddhd tireetsiét ed
resource ? ]Jn a sanme confined set of physical resource bl ocks

regar dl es@c IB?SFI? "3MRormal or a shortened PUCCH format 3 is used in the

subf rane. 6. The nethod according to claimb5, wherein the nodified
resource index is calculated 15as a nodul o operation with the received

r esdur 6e Thalemethasl a¢oordingitdstaimah vhereintidentifyingrtbap) thie nergdiceaiommpisest ce

bl ocks avai | bIe for as the divisor od according
Lo any of cPARHEUBS02dhar B1 iR 1554 PR 80 BPSEHeoN duS JPCRN B SESOMPa: he
modi fied regpaicand rw%tammﬁbéeéf ipHo&itAl Yddddirée W@dsca{/anrmubfswﬁ@@mck
based on n pRB given by the follow ng equation: nPRB PUCCH PUCCH S
PUCCH wher eforprigb 3ugo® i s the nodi fied resource index, sF,1lis a nunber of
or thogonal identifying (624) the resource based on the modified resource index, wherein the
10 identified resource is within a same confined set of physical resource blocks
regardless of if a normal or a shortened PUCCH format 3 is used in the

subframe.

6. The method according to claim 5, wherein the modified resource index is calculated
15 as a modulo operation with the received resource index as the dividend and the total

number of physical resource blocks available for PUCCH format 3 as the divisor.

7. The method according to any of claims 5-6, wherein identifying (624) the resource
based on the modified resource index comprises identifying a physical resource
20 block based on 72,55 given by the following equation:
_ %PUCCH
nPRB - NPUCCH +N, start
SF,1

~ . . . PUCCH .
where 7p;;-c is the modified resource index, NSFl is a number of orthogonal

sequences available for a physical resource block in a second time slot of the

subframe, and N

ware 1S @ starting position of the confined set of physical resource

25 blocks.

8. The method according to any of claims 5-7, wherein identifying (624) the resource

based on the modified resource index comprises identifying an orthogonal sequence
based on an orthogonal sequence index 72, given by the following equation:

e PUCCH
30 Roe = Fpyecy MOA N, SF,1



sequences avail able for a physical resource block in a second tine slot of
the subframe, and N start is a starting position of the confined set of
physi cal weso01wwss925bl ocks. 8. The ne?ﬁod accordi ng to aoy/Seboiclosizns 5- 7,
wherein identifying (624) the resource based on the nodified resource index
conprises identifying an orthogonal sequence based ogUggHorthogonal
sequence WMean%Meméoynwﬁed akkowicag ireigiatanen:V, is a number of
PUCCH 30f | oe 1l SF,1 WD 2012/023892 31 PCT/SE%E&l/OSOSOS PUCCH
where ii diHegbnalssddiRnaesiaviaisble #6108 pHg sicatl ssousel bISSk id iaSsecomdntirae shdt

ort hogonal sequences avail able for a physical resource block in a second
time slotofée swfrayyuesfrane. 5 9. A user equi pnent (800) for a wireless
comuni cation system configured to identify a resource to use for a
transm ssion of control information on a physical uplink control channel,
PUGCH, 9f ¢k oadr Squipinent:(800) éoua prirshdsscaorpmiusication -syatene ceanfigngedutal ideaBfi0)
adapted to receive a reggurce index fraoama s?nv#q% radi o base st tiqn and
10an i derft FSAUNEE dniUse B¥os teanspiiesion °f el figiormaticr uAcRNYSCAls@linkr ¢ he
transm ssi j r ' i i ed on the received
resour ce%:oﬁ 8§§h%d§§rl’ﬂéttﬁéf?mﬁt%ée Q?Heés%lﬁrr)@gﬁfé ?ﬁﬁ% a sane confined
set of physaceateiviagaunic 1) ecleptacetyaratictsssa sésodrca imdantibnoa senghgradined
PUCCH format 3 is.used in the subfranme. 15 10. The user equi pnent (800)
accordi ng t 32%9 $PHPS @herein the identifying unit (820) is adapted to
Pdentify a phyRiehfilyifge it ¢82®| eakpRased RI_ntifye the CRIsYBRbe" @6 OUSeE ot N|eX,
wherein the identified physical resource block is the sane regardl ess of if
a normal ortrangmissicenet trucertreb inferimaians inu gegubframe doangef paree Egetved The

user equip 0 ccar di. Al [ ejh: 1 i dent ifvi u t
(550 T PoTERputft PR AREAIN e Rt BE Ao ourt B By} 3Sphis Biingd St ity
gi ven by t hghy<ital ouéd\gce Bitaiks 98gardiddd@EHE a AbriRbICsith $hurtéired PUCGH THAEH .
25where n PUCCH is the received resource index and iv SF,0is a nunmber of

ort hogonal 3dgueeftisthgsaibiralme for a physical resource block in a first
tijge slot of the subfrane.

10. The user equipment (800) according to claim 9, wherein the identifying unit (820) is
adapted to identify a physical resource block based on the received resource index,
wherein the identified physical resource block is the same regardless of if a normal
or a shortened PUCCH format 3 is used in the subframe.

20

11.The user equipment (800) according to claim 10, wherein the identifying unit (820) is
adapted to identify the physical resource block based on 7,5, given by the

following equation:

n _ | PruccH

PRB NPUCCH

SF,0
: , : PUCCH .

25 where 7p;-cy is the received resource index and NSF,0 is a number of

orthogonal sequences available for a physical resource block in a first time slot of

the subframe.



32 WD 2012/ 023892PCT/ SE2011/ 050303 12. The user equi pnent (800) according to
any of clains 9-11, wherein the ident i3§yi ng unit (820) is adapted to

i denti fy w0 20rxd28890nal sequence based On an ort hogonal ®E€qSEA@e/05030EX NnoC
given by the follow ng equation: PUCCH noc nPUCCH

modv S Ug%;l—é ' C& ur ' Vi F,
lis a Elzm-liif)heelrD of ort @S@Egﬁ equghcggéhg\@?lgb?@ﬂ}%?sg’p\)’ﬁf/‘esr?@a rlgggﬁfy@

bl ock i n unitséB2Ods tadaptes] ot ideintifyhan sarbifogmmal sé@uernideebaset oagan nikiego(ai00)
according to claim9, wherein the identifying unit (820) is 10 further
adapt ed tsequenhceiinstex 7 ngidenibydhe ésllowice equakon:based on the recei ved
resource index and a total nunber of physical resource bl ocks avail able for
PUCCH forpgat—3, and hooHd¢RVEEY the resource based on the nodified resource
i ndex, whe¥%ei n f¥&H dentiftell resource is within a same confined set of
physical resource blocks regardless of if a normal okyacghortened PUCCH
fordmt 3 Whergs8a oyt isethriiPeeined resourme Maexusand dyyp prents @800Mb&E cdr di ng
to claim13, wherein the identifying unit (820) is further adapted to

cal cul at erthegonslséqusihces svailalleifatexphysical reshuiree bisskanisnsesindtimieslot
recei ved r?}iourgfe | ndex as the dividend and the total nunmber of physical
resource QSI CRYPEYAFI abl e for PUCCH format 3 as the divisor. 20 15. The
user equi pment (800) according to any of clains 13-14, wherein the
identifying unit (820) is adapted to identify a physical resource bl ock
based 6§-Trhepum efiuirrment, (G002 acepidiwg tryclabo s wherein theplentifyingpuodH82®UiscH

SFi01 Sta{fther adapted to calculate a modified resource index based on the received
resource index and a total number of physical resource blocks available for PUCCH
format 3, and to identify the resource based on the modified resource index, wherein
the identified resource is within a same confined set of physical resource blocks
regardless of if a normal or a shortened PUCCH format 3 is used in the subframe.

15
14. The user equipment (800) according to claim 13, wherein the identifying unit (820) is
further adapted to calculate the modified resource index as a modulo operation with
the received resource index as the dividend and the total number of physical
resource blocks available for PUCCH format 3 as the divisor.
20

15. The user equipment (800) according to any of claims 13-14, wherein the identifying
unit (820) is adapted to identify a physical resource block based on 7,5, given by

the following equation:
n
_ | MfruccH
nPRB - NPUCCH +N start
SF,1

~ : . . PUCCH .
25 where #p; -y is the modified resource index, NSR1 is a number of orthogonal

sequences available for a physical resource block in a second time slot of the

subframe, and N

«a 18 @ starting position of the confined set of physical resource

blocks.



NCH 25where iipuccH is the nodified resource index, NPis a nunber of
orthogonal sequences available for a physical resource block in a second
ti me sl otwofzotdesswabfrane, and N start is a starting po®PCTiSE010/0513h%e
confined set of physical resource bl ocks.

33 Wo 20104t BRIPImMERE Qrosiiing o arfef dR@hs aaL (BRR)i ing
to any of clains 13-15 \%bg?ei n thegli dgn}?if ingsuﬁi 1{52?@?%r)e i's alggg?fg@gto

i denti fy Wit GR0)dyaeaptestndestiihas earthngonal sequenpsnbaset gneart orthagerain.
given by the follow ng equation; n =i 1nl0(1 A TPUCCH ocPUCCH ' SF, 1 PUCCH
Swher e | iSSQUEAEE ket addives byrtae folludng eguatios: PUCCHSF, 1is a nunber of
ort hogonal sequences available for a physical resource block in a second

time sl otnoocf:t?ilﬁlcs&})hQ@dngUfCH

~ . - . PUCCH .
5 where #p 0oy is the modified resource index, and NSF,1 is a number of

orthogonal sequences available for a physical resource block in a second time slot

of the subframe.



