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1 Introduction

At RAN1 #82 meeting, further evaluations on new PUCCH format were discussed and the following agreements on PUCCH format were made:

· New PUCCH format(s) for HARQ-ACK feedback should be introduced in Rel-13 CA

· Specify at least one new PUCCH format:

· PUSCH-like PUCCH structure (without CDM for data/control symbols)

· Working assumption: One DMRS per slot

· FFS: Two DMRS per slot (normal CP)
· Frequency hopping between slots

· FFS: Whether /when FH is applicable
· With at least one PRB per slot

· FFS: Coded bits-to-RE mapping 

· FFS: A new PUCCH format including CDM
· FFS:PUSCH-like or PUCCH format 3(PF3) based structure

· FFS
· Multi-PRB PF3 using a single DFT-precoder
· Other format is not excluded
· Spreading factor 
· Spreading within or between SC-FDMA symbols
· Number of DMRS symbols
Besides new PUCCH format, the following agreements for HARQ-ACK feedback for LTE CA of up to 32 CCs have also been achieved: 

· HARQ-ACK codebook size is dynamically determined
· To ensure same understanding between eNB and UE regarding the HARQ-ACK codebook (including HARQ-ACK order and size)

· FFS, eNB transmits signaling in DL assignment: 
· FFS: Detailed signaling, e.g., 
· Counter DAI only
· FFS: Whether DAI can be not consecutive
· A Counter DAI and a Total DAI
· Combined DAI carrying either Counter or Total, based on the order of scheduling

· HARQ-ACK codebook indicator to indicate the possible carriers
· Note: Other alternatives are not precluded

· FFS: Additional UL signaling to indicate HARQ ACK codebook size
· FFS: PUCCH format adaptation
· PUCCH format 1a/1b fall back from new PUCCH format is supported for Pcell only and DAI is equal to 1 for PDSCH only scheduling and SPS transmission cases

· FFS: Exact condition to perform fall back
In this contribution, the merit of PUCCH format dynamic adaptation and how to perform the adaptation are discussed further. 
2 Motivations for PUCCH format adaptation
PUCCH format 3 and PUSCH-based PUCCH format
Dynamic HARQ-ACK codebook determination was agreed at RAN1#82. The HARQ-ACK codebook size of Rel-13 CA configuration (more than 5 CCs) is possible within the scope of PUCCH format3 (PF3) supported, i.e. less than 22-bit. According to the CDF figure of the number of scheduled CCs given in [15], about 55% users will be scheduled with less than 5 CCs. At this time, it is needed to consider whether to use the new PUCCH format or go back to use PF3.
As we know, PF3 is a PUCCH format including CDM where up to five users can be multiplexed in one PRB pair. Efficient support of any number of component carriers up to 32 is clearly required in Rel-13 CA WID [1] and this is also the reason why new PUCCH format including CDM is discussed in [17]. The UL overhead savings could be seen when adapting from a non-CDM based PUCCH format to PF3 (only 1/5 RB overhead is assumed for one user). Furthermore adaptation to PF3 would also allow the PUCCH resource of legacy users configured with PF3 to be reused.
On the other hand, some evaluations have been performed to compare the performance of HARQ-ACK transmission with the PUSCH-based format and PF3. The simulation assumptions and detailed figures are given in Appendix. The summary results are listed in Table 1. The required SNRs are taken as the larger of those required for achieving Pr(ACKmiss) = 10‒2 and Pr(NACK to ACK bits) = 10‒3  for PF3 and RM/Dual-RM coding case.
Table 1 HARQ-ACK transmission performance comparison
	　
	Required SNR with different HARQ-ACK codebook size (dB)

	PUCCH format + coding scheme
	5-bit
	10-bit
	20-bit

	PF3 + RM/Dual-RM
	-4.8
	-3.1
	-0.3

	PUSCH-based format + CRC8TBCC
	-1.4
	-1.4
	-0.6


It can be seen from Table 1 that there are obvious performance gain for PF3 and RM coding scheme at low codebook size 5-bit and 10-bit, i.e. about 3.4 dB and 1.7 dB. For moderate codebook size 20-bit, the performance of PUSCH-based format is only 0.3 dB better than PF3. It may be argued that 10log (2) to 10log(5) dB interference would be added to the performance of PUCCH format including CDM. However, it is worth reminding that PUCCH format 3 has already been commercially used in the field. On average, the interference of PUCCH format including CDM may not be severe. Therefore, we see the need to have a CDM-based PUCCH format also for Rel-13. Furthermore the PUCCH resource efficiency of PF3 can make up the small performance loss at moderate codebook size.
If it can be assumed that the eNodeB and UE have the same understanding of the HARQ-ACK codebook size, PF3 resource would only be needed if the actual HARQ-ACK codebook size is less than 22 bits. 
PUSCH-based PUCCH format and other alternative PUCCH formats

Based on the agreements at RAN1#82, at least one new PUCCH format will be specified. For codebook size larger than 22-bit, new PUCCH format(s) should be utilized. It has been agreed to define a PUSCH-based PUCCH format and other alternatives including CDM were proposed in [2]~[13]. Some trade-off between UCI transmission performance and PUCCH resource utilization efficiency for moderate codebook size, e.g. 22-bit to 64-bits can be considered.
It could be possible that a same HARQ-ACK payload could be supported by more than one new PUCCH formats. A UE will experience different wireless environments with the same HARQ-ACK codebook size. And different UEs with the same HARQ-ACK codebook size will also experience different channel conditions. In addition, higher order modulation, 16-QAM, may be introduced in new PUCCH format(s). Due to different performance and resources occupancy of different PUCCH formats it would be expected for eNB to have the flexibility to switch between different PUCCH formats dynamically, e.g., depending on channel conditions, UL overhead etc.
Considering the potential performance gain at low codebook size and PUCCH resource utilization efficiency of PF3 and also flexible choice between new PUCCH formats, the following proposal is provided:
Proposal 1: Support switching between:
· PUSCH-based PUCCH format and PUCCH format 3 ;
· PUSCH-based PUCCH format and Multi-PRB PUCCH format 3 (if supported).
3 Switching between different PUCCH formats

Two or more PUCCH formats, e.g. a multi-PRB PF3 and a PUSCH-based format, may be introduced in Rel-13 CA targeting a scalable range of HARQ-ACK bits and switching between different PUCCH formats could be considered. In this paper, a same PUCCH format structure with different number of PRB pairs is regarded as a single PUCCH format which is consistent with the assumption of [16]. Both PUCCH format and the resource allocation of each PUCCH format should be considered. The latter is discussed in [16]. According to the PUCCH format adaptation, four options are provided as follows.
3.1 PUCCH format adaptation according to HARQ-ACK codebook size
The performance of HARQ-ACK transmission with different new PUCCH formats for the same HARQ-ACK codebook size could be diverse. Dynamic HARQ-ACK codebook determination was agreed at last meeting. One straightforward way to adapt the PUCCH format is to link the PUCCH format with the determined codebook size. A predefined relationship of codebook size and the PUCCH format is needed. If the eNodeB and UE has the same understanding of HARQ-ACK codebook size, then they have the same understanding of PUCCH format. No explicit indication for PUCCH format is needed. 
Table 2. Example of mapping between HARQ-ACK codebook size and PUCCH format.
	HARQ-ACK codebook size
	PUCCH format

	1~2 bits in PCell
	PUCCH format 1a/1b

	1~22 bits except 1~2 bits in PCell
	PUCCH format 3

	23~64 bits
	Multi-PRB PF3

	65~128 bits
	PUSCH-based format


Table 2 gives an example of predefined mapping from codebook size to PUCCH format. The switch point of 64 bits is an example value considering both the performance and the resource usage results evaluated in [14]. Other value could also be considered, for example if a CRC should be attached for payloads less than 23bits. If HARQ-ACK and periodic CSI are transmitted in the same subframe, only HARQ-ACK/SR codebook size or total codebook size including HARQ-ACK/SR and CSI can be considered to choose the PUCCH format. 
3.2 PUCCH format adaptation according to dynamic signalling indication

As mentioned in the motivation section. It would be expected to have the flexibility to switch between different PUCCH formats dynamically, e.g., depending on channel conditions, UL overhead etc. One simple way to provide this flexibility is to dynamically indicate the PUCCH format by DCI signaling. The ARI based solution shown in Figure 1 can be used to do this indication by utilizing the TPC bits on the SCells. Each resource information group configured in the RRC signaling can include PRB start position, the number of PRBs, modulation levels, etc. No other DCI overhead is needed at the expense of resources available to be chosen degraded from four to one. Of course, another straightforward way is to add a new DCI field to signal the PUCCH format directly to the UE.
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Figure 1 Example of TPC bits on the SCell indicating PUCCH format and PUCCH resource. 
3.3 PUCCH format adaptation according to RRC configuration 
The eNodeB could configure the PUCCH format with RRC signaling. This would allow selecting a suitable format considering a maximum HARQ-ACK payload and the need for UE multiplexing capability. Dynamic resource allocation could still assign variable amount of resources, e.g., to adapt to the actual HARQ-ACK codebook size. However, the switching between PUCCH formats will be slower than the previous alternatives. One option is that switching between PUSCH-based PUCCH format and other new PUCCH format including CDM (if supported) is according to RRC configuration.
3.4 PUCCH format adaptation according to joint dynamic signaling indication and codebook size
Considering the flexibility of PUCCH resource allocation, the content of RRC signalling can be extended to include several resource sets shown in Figure 3. Each set corresponds to resources for one PUCCH format. The selection of the resource set is based on the dynamically determined HARQ-ACK codebook size.  Therefore the PUCCH format and PUCCH resource can be indicated jointly by the ARI and the dynamic codebook size. 
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Figure 3 Example of TPC bits on the SCell indicating PUCCH format and PUCCH resource combined with dynamic HARQ-ACK codebook size.
For the alternatives in Sec. 3.2 and 3.3, the signaling indicator can be reflected by the flexible PUCCH resource allocation which is discussed in [16]. Dynamic resource allocation including the number and the position of the PRBs can be used to deal with different channel environments, such as deep fading or external interference.
Based on the property of these options, the following proposals are given:
Proposal 2: The adaptation between PUSCH-based PUCCH format and PUCCH format 3 can be supported according to 

· HARQ-ACK codebook size,
· Dynamic signalling indication, 

· Joint dynamic signalling indication and HARQ-ACK codebook size.
Proposal 3: The adaptation between PUSCH-based PUCCH format and other new PUCCH format including CDM (if supported) can be supported according to RRC configuration.

4 Conclusion

Based on analyses above, according to dynamic adaptation of PUCCH format for CA beyond 5 CCs, the following proposals are provided: 
Proposal 1: Support switching between:
· PUSCH-based PUCCH format and PUCCH format 3 ;

· PUSCH-based PUCCH format and Multi-PRB PUCCH format 3 (if supported).
Proposal 2: The adaptation between PUSCH-based PUCCH format and PUCCH format 3 can be supported according to 

· HARQ-ACK codebook size,
· Dynamic signalling indication, 

· Joint dynamic signalling indication and HARQ-ACK codebook size
Proposal 3: The adaptation between PUSCH-based PUCCH format and other new PUCCH format including CDM (if supported) can be supported according to RRC configuration.
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Appendix
A.1: Simulation assumption

Table A1. Simulation assumption
	Parameter
	Setting

	Carrier frequency
	2 GHz

	Carrier bandwidth
	10 MHz

	Channel model
	EPA, 3 km/h

	Antenna setup
	1Tx2Rx antenna correlation = 0.5; 

	Channel coding
	RM/Dual-RM,TBCC

	Modulation
	QPSK

	DMRS structure
	PUCCH format 3
PUSCH-based format: Same as PUSCH

	Channel estimation
	LS

	Number of PRBs in one slot
	1

	Transmit power
	per-UE power

	Frequency hopping
	yes 

	CRC length
	0 or 8

	Payload size (not consider CRC)
	5,10,20

	Performance metric
	With CRC: in case CRC check fail, all bits as “NACK”
Without CRC: ACK-to-NACK (1%), NACK-to-ACK(0.1%), DTX-to-ACK(1%)


A.2: Simulation results
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Figure A.2
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