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1 Introduction

At RAN1 meeting #62 it has been agreed to signal PUCCH Format 3 resources using RRC signalling together with an ACK/NACK resource indicator (ARI) ‎[1]. ARI is included in the TPC bits of SCells ‎[2]. 

At RAN1 meeting #62bis it has been furthermore agreed to use Rel-8/9 PUCCH for stand-alone assignments for PCell ‎[2].

In this contribution we outline our view on remaining design issues for PUCCH Format 3.

2 Discussion

2.1 PUCCH Format 3 Resources 

2.1.1 Resource Block Allocation

It is required to have resource blocks dedicated to PUCCH Format 3 distinguished from PUCCH Format 1/1a/1b/2 due to non-orthogonality of the transmissions. In Rel-8/9 dynamic PUCCH Format 1a/1b resources are implicitly derived from the first CCE of the corresponding PDCCH assignment and the used resource blocks change dynamically. Resources for static PUCCH Format 1/1a/1b (SPS, SR) are semi-statically configured. Resources for PUCCH Format 2 are semi-statically configured.

To avoid collisions between PUCCH Format 1/1a/1b/2 and PUCCH Format 3 separate resource blocks are necessary. This can be achieved by semi-statically configuring the first resource block 
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used for PUCCH Format 3.

Proposal 1: Starting resource block 
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used for PUCCH Format 3 is semi-statically configured.
Starting with this resource block, the resource blocks used for PUCCH Format 3 grow in-band with increasing PUCCH Format 3 resource
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is signalled as combination of RRC configuration and ARI, i.e. 
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. It has been agreed to use TPC bits of SCells as ARI, i.e. ARI consists of two bits and can select one out four RRC configured resources. PUCCH Format 3 using resource 
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is the length of the orthogonal time-domain spreading sequence applied to data symbols in the first slot and is equal to the PUCCH Format 3 multiplexing capacity per resources block (for subframes without SRS transmission). 

Proposal 2: 
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 in the resource block assignment formula is calculate according to 
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2.1.2 Signalling of PUCCH Format 3 Resources

In the following we describe two possibilities how 
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could be derived from the semi-statically configured 
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and dynamically signalled ARI
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. In the first approach the semi-statically configured value is the basis and the value dynamically signalled via ARI is an offset, i.e. 
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. The advantage of this method is that only a single value needs to be semi-statically configured. The resources addressed by 
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are consecutive. All PUCCH Format 3 resources that can be addressed by varying 
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may be located in the same resource block which is very restrictive. It may be desirable to have PUCCH Format 3 resources located in different resource blocks to reduce PUCCH load on a certain resource block and thus reduce/control inter-cell interference. 

Instead of incrementing 
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 in steps of one by stepping 
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a predefined (signalled) step size could be used. However, this removes above restrictions only slightly, still there is no real flexibility in choosing which resource blocks should be used for PUCCH Format 3. 

In the second alternative not only a single value but a vector with four PUCCH Format 3 resources is semi-statically configured, i.e. 
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. The individual resources don’t have to be consecutive but can be allocated freely. The dynamically signalled 
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selects which element of 
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should be used, i.e. 
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. This proposal requires slightly more signalling since all four resources needs to be configured. At the same time it does provide all the flexibility which is lacking in the first proposal. 

Comparing these two alternatives we feel that alternative 2 is preferable due to the increased flexibility. 

Proposal 3: A set of four PUCCH Format 3 resources is semi-statically configured. The ARI selects the resource out of the configured set of resources.

It has been agreed that ARI should be signalled using TPC bits in PDCCH DL assignments for SCells. To avoid errors due to missed SCell assignments the same ARI shall be indicated in all PDCCH DL assignments for SCells ‎[2].
Even if the same ARI is signaled in all SCell assignments the wireless channel may corrupt one of the PDCCH and the terminal receives ARI with contradicting values. For this error case to happen PDCCH must be corrupted but at the same time must pass the CRC, which only happens in 1 out of 216 cases (16 bit CRC). With increasing number of SCells the probability of such an error event increases correspondingly. However, we feel that the likelihood is still low and does not warrant any optimizations for this error case. We propose therefore that a terminal shall stop decoding PDCCH if it receives contradicting ARI values. This is an extension of the already in Rel-8/9 existing rule that a terminal stops decoding PDCCH if it receives inconsistent PDCCH.

Proposal 4: Terminal stops to decode PDCCH if inconsistent ARI values are received.

Furthermore, if ARI in one or multiple SCell assignments is corrupted it is very likely that not only ARI is corrupted but even other data fields. The terminal would start to decode PDSCH using completely wrong assumptions resulting in HARQ soft buffer corruption. 
2.1.3 Orthogonal Spreading Sequence for Data

The PUCCH resource 
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 determines both the resource block and the orthogonal time-domain spreading sequence
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 is given in Section ‎2.1.1. All PUCCH Format 3 transmissions on the same resource block must use a different spreading sequence 
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since otherwise orthogonality is lost and PUCCH collisions occur. In subframes that have in both slots spreading sequences of equal length (i.e. 
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where 
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for a subframe using normal PUCCH Format 3. In subframes where the shortened PUCCH Format 3 is used we have however 
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, respectively. Above allocation formula does not work since it would yield non-existing spreading sequences for the second slot. It is therefore proposed to use instead
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in subframes with shortened PUCCH Format 3. In subframes with normal PUCCH Format 3 
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 holds, the last equation is thus even valid for such subframes.

Since the resource block is determined according to 
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assuming a multiplexing capacity of 
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per resource block but in subframes with shortened PUCCH Format 3 the multiplexing capacity is only 
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certain PUCCH resource allocations will lead to collisions if used simultaneously. 

Alternatively the resource block assignment could be modified into
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. However, this leads to “breathing” of the PUCCH Format 3 region, i.e. in subframes with shortened PUCCH Format 3 more resource blocks are required than in subframes with normal PUCCH Format 3. We anticipate that PUCCH Format 3 resources are either allocated before dynamic PUCCH Format 1a/1b or between Format 2 and 1 in frequency-domain, see Figure 1. To avoid collisions between PUCCH Format 3 and PUCCH Format 1/1a/1b transmissions the PUCCH Format 3 region would have to be dimensioned according to multiplexing capacity 
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to avoid that PUCCH Format 3 region grows into PUCCH Format 1/1a/1b region. However, in most subframes this would lead to an underutilization of reserved resources. In Figure 1 PUCCH Format 3 is allocated between static and dynamic PUCCH Format 1/1a/1b resources but the same applies even if PUCCH Format 3 resources are allocated between PUCCH Format 2 and PUCCH Format 1/1a/1b resources.
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	Figure 1: Allocation of various PUCCH formats in frequency domain.



Proposal 5: The orthogonal spreading sequence for data is derived according to
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2.1.4 Cyclic Shifts for Reference Signals

It has been agreed that PUCCH Format 3 reuses the reference signals from PUCCH Format 2, i.e. cyclic shifted CAZAC sequences. The base sequences selection as well as group hopping and sequence-shift pattern can be reused from PUCCH Format 1 and 2; see Section 5.5 of ‎[3].

Also for the cyclic shift a similar approach as for PUCCH Format 2 can applied, i.e. 
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The function 
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 varies with the symbol number 
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 and the slot number 
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and does not depend on the PUCCH resource index
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Per resource block 
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orthogonal reference signals and thus different cyclic shifts are needed to obtain full multiplexing capacity. For PUCCH Format 1 the parameter 
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has been introduced to control the distance between two consecutive cyclic shifts. It makes sense to reuse this parameter here. A simple formula for 
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Both for 
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equals to 1 and 2 the number of available cyclic shifts and thus orthogonal reference signals is larger than 
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and does not limit multiplexing capacity. However, for 
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the number of orthogonal reference signals is limited to 4 which also sets the multiplexing capacity per resource block. Even for subframes using normal PUCCH Format 3 the multiplexing capacity is limited to 4, the same as for the shortened PUCCH Format. 

Proposal 6: The cyclic shift for PUCCH Format 3 reference signals is derived according to 
[image: image56.wmf](

)

RB

SC

s

s

cell

cs

s

cs

N

n

n

l

n

n

l

n

n

mod

)

(

'

)

,

(

)

,

(

+

=

 and
[image: image57.wmf](

)

PUCCH

shift

1

,

)

3

(

mod

)

(

'

D

=

PUCCH

SF

PUCCH

s

N

n

n

n

.
3  Conclusion
In this contribution we discuss remaining design choices for PUCCH Format 3. The following is proposed:

Proposal 1: Starting resource block 
[image: image58.wmf])

3

(

,

start

RB

N

used for PUCCH Format 3 is semi-statically configured.

Proposal 2: 
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 in the resource block assignment formula is calculate according to 
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Proposal 3:A set of four PUCCH Format 3 resources is semi-statically configured. The ARI selects the resource out of the configured set of resources.

Proposal 4:Terminal stops to decode PDCCH if inconsistent ARI values are received.
Proposal 5:The orthogonal spreading sequence for data is derived according to
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Proposal 6:The cyclic shift for PUCCH Format 3 reference signals is derived according to 
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