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1 Introduction

In the RAN #67 meeting, the work item (WI) on LTE carrier aggregation (CA) enhancement beyond 5 carriers was updated [1]. One important object of this WI aims to enhance the CA capabilities of up to 32 component carriers (CC). In the RAN1 #80 meeting, some high level observations for possible enhancements to UL control signaling to PUCCH formats are listed below [2]: 
· One or more new PUCCH format for increasing PUCCH payload capacity including considerations on UL overhead

· PUCCH format selection including fallback operation

· Enhancements to PUCCH resource allocation/selection

As discussed in [3], new PUCCH format(s) should be introduced as the baseline to support UCI feedback for up to 32 DL CCs. Based on the new PUCCH format design, in this contribution, further issues related to HARQ-ACK codebook size determination and PUCCH format selection including fallback operation are discussed. HARQ-ACK codebook size determination and PUCCH format selection could have impact on the PUCCH resource allocation, which is discussed in the companion contribution [4]. 
2 Discussion on HARQ-ACK codebook size determination
HARQ-ACK codebook size of PUCCH format 3 (PF3) is determined based on RRC configuration (transmission mode, bundling window size and number of carriers) in R10/11/12 CA. Considering up to 32 CCs CA in R13, more HARQ-ACK bits need to be transmitted, e.g., 128 bits, compared to that in Rel-10. In addition, transmitting a large number of HARQ-ACK bits would need a new PUCCH format, which occupies larger time and frequency resource or is with reduced multiplexing capacity than legacy PF3, e.g., multi-PRB PF3 or Multi-PRB PUSCH based format in [3]. Typically, a UE configured with a very large number of CCs does not mean that it would be always scheduled on all the configured CCs, but may instead by activated or scheduled only on a subset of the configured CCs. In this way, if the codebook size is always based on the configured CCs but mostly the UE is scheduled on the subset of the configured CCs, large PUCCH overhead or less PUCCH multiplexing capacity is resulted. Furthermore, the zero padding for the unscheduled CC set/subframes could significantly impact the HARQ-ACK performance. For example, assuming that the codebook size is 128 with 96 zero-padded bits and only 32 valid HARQ-ACK bits, the simulation results of 128-bit payload size HARQ-ACK with one-PRB PUSCH based format and 6-PRBs PF3, 32-bit payload size HARQ-ACK with two-PRB PF3 and one-PRB PUSCH based format are shown in Figure 1. The simulation assumptions are given in Appendix. We can see that the performance of codebook size of 32 is about 6 dB better than that of codebook size of 128, for both PUCCH formats of multi-PRB PF3 and PUSCH based format, and the occupied RB number can be reduced from 6 to 2 or 1. 
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Figure 1. HARQ-ACK decoding performance
Observation 1: HARQ-ACK codebook size reduction could improve significantly the decoding performance and reduce UL overhead.
In order to reduce HARQ-ACK codebook size, one straightforward way is that HARQ-ACK codebook size based on scheduled CCs/subframes not configured CC set and bundling window size. However, the robustness should be guaranteed, which means that the eNB and the UE should be consistent with the current codebook size and the bit indexing corresponding to the scheduled CCs/subframes. How to perform the codebook size indication needs further discussion. In Rel-10 CA, HARQ-ACK codebook size on PUSCH for TDD can be jointly indicated by a UL DAL in UL grant indicating the total number of subframes with PDSCH and PDCCH/EPDCCH for SPS release within an HARQ-ACK bundling window and a DL DAI indicating the accumulative number of PDCCH/EPDCCH(s) with assigned PDSCH transmissions and PDCCH/EPDCCH indicating the DL SPS release within an HARQ bundling window. Following the design principle, the similar method could also be used for codebook size determination on PUCCH. DAI concept can be extended from the time domain to the CC domain. To be specific, the codebook size is determined based on the number of scheduled CCs /scheduled subframes. The ‘total’ DAI and the ‘accumulated’ DAI can guarantee the robustness of the codebook size, i.e., the DL_assignment missing can be discovered by checking the two DAI fields. 
Based on above observation and discussions, the codebook size could not be always based on the RRC configured CC set and bundling window size. The methods should be considered to adjust the codebook size to be at least more or less matched to number of the scheduled CCs /subframes when UE are configured with more than 5 CCs.
Proposal 1: HARQ-ACK codebook size based on the number of scheduled CCs/subframes can be considered when UEs are configured with more than 5 CCs. 
3 Discussion on fallback operation and PUCCH formats selection
A feature from Rel-10 is that a UE configured with PF3 transmits with PUCCH format 1a/1b, if the UE receives PDSCH scheduling only on the FDD PCell or the UE only receives PDSCH scheduled by PDCCH with DAI value equal to 1 on the TDD PCell. The eNB needs to detect both resources for the PUCCH format 1a/1b and the PF3 to avoid the inconsistence if the UE misses some DL assignments. Note that the resource of the PF 1a/1b is implicitly linked with the first CCE index of the DL assignment on the PCell, so there is no additional resource indication overhead. This feature of fallback operation can save UL overhead, optimize PUCCH resource utilization efficiency and also avoid ambiguity during RRC reconfiguration periods. 
Fallback to PUCCH format 1a/1b

In order to avoid ambiguity during RRC reconfiguration periods in Rel-13 CA, fallback to PUCCH format 1a/1b is still needed even if a UE are configured with new PUCCH format(s).

Proposal 2: A UE configured with new PUCCH format(s) should support fallback to PUCCH format 1a/1b when UE is only scheduled on Pcell for FDD or the UE is only scheduled in the subframe corresponding to DAI equal to 1 on the PCell.
Fallback to PUCCH format 3
In Rel-10, the first release for CA, one design principle is assuming that even if the number of UEs configured with CA is large, the number of simultaneously scheduled CA UEs is not a lot. Now this principle should also be valid for Rel-13 CA. That is to say, even if the number of UEs configured with a very large number of DL CCs (16 or even 32) is large, the number of UEs simultaneously scheduled with such the very large number of DL CCs is not a lot. However, the difference from that in Rel-10 CA may be that the number of such heavy-load configured UEs simultaneously scheduled with a moderate number of DL CCs (e.g., 5 to 10) could be not that small, considering the development of services with high data rate compared to that in Rel-10 CA. For example, a typical UE configured with 32 DL CCs is expected to be mostly scheduled on a few of its configured DL CCs, and only occasionally be simultaneously scheduled on all its configured DL CCs due to bursty buffer traffic. In this way, very large UL overhead is consumed if all the UEs configured with a very large number of DL CCs but only scheduled with a moderate number of DL CCs use the new PUCCH format targeting the large number of DL CCs for HARQ-ACK transmission. It seems that the issue for UL overhead and PUCCH resource utilization efficiency is even more serious in Rel-13 when a very large number of DL CCs are configured. In order to reduce UL overhead and increase PUCCH resource utilization efficiency, a UE configured with new PUCCH format(s) should support fallback to PUCCH format 3 when the scheduled CC number is no more than 5 except of Pcell is only Pcell for FDD is scheduled for FDD or the UE is only scheduled in the subframe corresponding to DAI equal to 1 on the PCell.
Proposal 3: A UE configured with new PUCCH format(s) should support fallback to PUCCH format 3.
Switch between different new PUCCH formats
Two PUCCH formats may be introduced in Rel-13 CA targeting a scalable range of HARQ-ACK bits in [3], switch between two PUCCH formats could be considered. 
In this case, the robustness is still one important requirement. The indication of the PUCCH format selection could be implicit or explicit. One option is to link the PUCCH format with the determined codebook size as discussed in the previous section. Alternatively, it could be also explicitly informed by the (e) PDCCH. PUCCH resource allocation may also be informed by (e) PDCCH in [4].
4 Conclusion

Based on the new PUCCH formats design, in this contribution, further issues related to HARQ-ACK codebook size determination and PUCCH format selection including fallback operation are discussed.  Finally, the following observation and proposals are provided: 
Observation 1: HARQ-ACK codebook size reduction could improve significantly the decoding performance and reduce UL overhead.
Proposal 1: HARQ-ACK codebook size based on the number of scheduled CCs/subframes can be considered when UE are configured with more than 5 CCs.

Proposal 2: A UE configured with new PUCCH format(s) should support fallback to PUCCH format 1a/1b when UE is only scheduled on Pcell for FDD or the UE is only scheduled in the subframe corresponding to DAI equal to 1 on the PCell.
Proposal 3: A UE configured with new PUCCH format(s) should support fallback to PUCCH format 3.
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Appendix

Table A1. Simulation assumption
	Parameter
	Setting

	Carrier frequency
	2 GHz

	Carrier bandwidth
	10 MHz

	Channel model
	EPA, 3 km/h

	Antenna setup
	1Tx, 2Rx, antenna correlation = 0.5; 8Rx

	Channel coding
	TBCC

	DMRS structure
	Multi-PRB PF3: Same as legacy PF3

puschType1: Same as PUSCH

puschType2: Same as legacy PF3

	Channel estimation
	LS

	Number of PRBs in one slot
	Multi-PRB PF3: 1, 2, 3, 6

PUSCH based format: 1

	Transmit power
	Multi-PRB PF3: Same UE transmit power is assumed
PUSCH based format

	Frequency hopping
	Yes

	CRC length
	0 or 8

	Payload size (not consider CRC)
	32, 128

	Performance metric
	With CRC: in case CRC check fail, all bits as “NACK”
Without CRC: AckMiss(1%), NackToAck(0.1%), DtxToAck(1%)













































































