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1. Introduction
At the RAN1#81 meeting, the potential enhancements to HARQ-ACK feedback were discussed extensively and then following agreements were achieved.
	Agreements:
· For a UE that transmits more than 22 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH, 

· X-bit CRC is included in the HARQ-ACK transmission, X >= 8 

· Baseline X for evaluation purpose only: X=8

· Rel-8 TBCC and rate matching is used 

· FFS for a UE that transmits less than 23 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH
Agreements:
· The maximum HARQ-ACK codebook size in the uplink by one UE in one subframe for DL CA of up to 32 CCs is at least 128 bits
· In case of FDD PUCCH cell, the maximum HARQ-ACK codebook size is 64 bits


For HARQ-ACK on PUCCH, new PUCCH format is necessary to support Rel.13 CA configurations at least with more than 22 HARQ-ACK/SR bits, and can also be used for not more than 22 HARQ-ACK/SR bits. In addition, current PUCCH format 3 can also be used to support Rel.13 CA configurations with up to 22 HARQ-ACK/SR bits. These aspects are discussed in our companion paper [6]. For HARQ-ACK on PUSCH, how to accommodate large UCI payload with UL data within a limited PUSCH PRBs is the discussion point. This aspect is discussed in [7].

In this contribution, we describe our views on dynamic adaptation of HARQ-ACK codebook size, PUCCH format and resource indication for the new PUCCH format for CA with up to 32 CCs. 
2. Views on dynamic HARQ-ACK codebook size determination 
It was pointed out that compared to slow HARQ-ACK codebook size adaptation used in Rel.10/11/12, fast HARQ-ACK codebook size adaptation can bring numerous benefits such as improving HARQ-ACK decoding performance, reducing UL overhead on either or both of PUCCH and PUSCH, protecting periodic CSI transmissions multiplexed with HARQ-ACK on PUCCH, and saving UE transmission power [1]-[3]. However, it is essential to ensure the same understanding between eNB and UE regarding the current HARQ-ACK codebook size and the mapping of HARQ-ACK bits to the respective PDSCH transmissions. Generally, there are two potential alternatives.

Alt.1: eNB-based indication of HARQ-ACK codebook size
Alt.1 is the eNB tells UE the number of scheduled CCs/subframes. Two sub-alternatives can be considered.
Alt.1-1 is to include DAI (Downlink Assignment Index) in each DL (and/or UL) grants. Inheriting the DAI in TDD design principle, the DAI concept can be extended from time-domain to CC-domain as proposed in [4]; for example, DL DAI is introduced in DL grants to indicate accumulated number of scheduled CCs in the subframe, while UL DAI is introduced in UL grants to indicate total number of scheduled CCs in the subframe. However, DL DAI will cause mismatch of the HARQ-ACK codebook size if the DL grant scheduling the PDSCH of the “last” CC (i.e., the DL grant scheduling the PDSCH of the highest CC index) is missed. Therefore, additional enhancements are needed to avoid above errors. One option is to add one extra bit in the DL DAI field to indicate that the DL grant schedules PDSCH of the last (highest indexed) CC. If the UE cannot detect the DL grant with this indication, the UE can aware the DL grant with this indication is missed, and then add one/two extra NACK bits. Alternatively, existing information field can be used to indicate that the DL grant schedules the last (highest indexed) CC. For example, one value of the 2-bit TPC field in DL grant can be used as the indicator. Reuse of the existing TPC field can avoid overhead increase due to the extra bit, while the number of candidate new PUCCH resources is reduced. 
One concern on the DAI-type solution is that the eNB cannot tell the number of layers of the PDSCH scheduled by the DL grant. For example, if eNB schedules a PDSCH on one of CC #n and CC #n+1, and if the UE misses the DL grant for the PDSCH, the UE cannot understand for which CC the PDSCH is scheduled, although it can be identified that one DL grant is missed between CC #n and CC #n+1 by the DL DAI information (see Fig. 1).
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Fig. 1. The case where TM of the PDSCH corresponding to a DL grant missed by the UE is not known. 

Same issue happens if the UE misses the DL grant for the PDSCH scheduled on the “last” CC. Even if the indication of “last” scheduled CC is introduced, when the UE misses the DL grant scheduling the “last” CC, the TM of the “last” scheduled CC cannot be identified. Depending on the transmission modes of the PDSCHs scheduled among CCs, HARQ-ACK codebook size can be different. It is highly desirable for eNB to determine the HARQ-ACK codebook size if dynamic HARQ-ACK codebook size adaptation and its indication to the UE are introduced. 
Alt.1-2 is to include the CC-domain scheduling information in a DCI. The CC-domain scheduling information can be included in DL grants, or be an independent DCI format. For example, the information could be a bitmap of 32 bits field. For overhead saving, CC grouping can be considered. Alt.1-2 with grouping CCs can be interpreted as to indicate one of the pre-defined CC combination for which the UE needs to feedback the HARQ-ACK. It is not mandatory for the eNB to schedule all the indicated CCs, but the eNB should set the indication field such that all the scheduled CCs are included in the list of CCs. On the other hand, the UE shall feedback the HARQ-ACK corresponding to all the indicated CCs (see Table 1). Therefore, CC grouping works well without TM issue discussed in Alt.1-1. The indication could be an additional field in the DL grant (e.g., 2-bit), reuse of an existing field in the DL grant (e.g., ARI), or a new DCI format. Additional indication field results in overhead increase in DL grants, but the required field size could be similar to or same as that for DAI. 
Table 1  Example of the indication assuming the UE is configured with CC#0 - #19.

	Value of the indication field
	CCs for which the UE needs to transmit HARQ-ACK

	00
	#0, #1, #2, #3, #4

	01
	#0, #1, #2, #3, #4, #5, #6, #7, #8, #9

	10
	#10, #11, #12, #13, #14, #15, #16, #17, #18, #19

	11
	All (#0 - #19)


If the information is included in all the individual DL grants as part of the DCI (instead of DAI), the mismatch of the HARQ-ACK codebook size between eNB and UE can be avoided. If the information is included in some of the DL grants or is an independent new DCI format, the overhead increase can be alleviated, while the mismatch of the HARQ-ACK codebook size happens if the UE misses the information. As such, how to guarantee the transmission robustness with a reasonable cost is the key issue.
The potential drawback of this method compared to Alt.1-1 is the granularity of different HARQ-ACK codebook sizes. In the table 1 (i.e., 2-bit indicator), up to 4 different HARQ-ACK codebook sizes can be indicated. Further discussion is necessary on whether finer granularity of HARQ-ACK codebook sizes is necessary or adaptation among some (e.g., 4) different HARQ-ACK codebook sizes is sufficient.
Alt.2: UE-based indication of HARQ-ACK codebook size
In Alt.2, the UE tells eNB about the CC-domain detection information. For example, CC-domain detection information can be a bitmap and reported together with HARQ-ACK feedback. Similar with Alt.1-2, the CCs can be grouped to reduce the overhead, but it should be slightly different. As long as UE detects a CC in the CC group is scheduled, the CC group is marked as ‘detected’ in the CC-domain detection information. Otherwise, the CC group is marked as ‘not detected’. UE only feedback HARQ-ACK for the detected CC group; UE transmits HARQ-ACK for all the carriers within the ‘detected’ CC group besides the fixed X-bit CC-domain detection information. In Alt.2, the CC-domain detection information needs to be robust such that the miss-understanding of HARQ-ACK codebook size does not happen. However, giving sufficiently low coding rate for the CC-domain detection information requires increased overhead, which diminishes the advantage of Alt.2.   
Proposal 1:
· Dynamic HARQ-ACK codebook size determination can be supported if the same understanding between eNB and UE is ensured with a reasonable cost.
3. Views on dynamic PUCCH format selection
In Rel.13 CA, assuming one new PUCCH format is introduced, there are three PUCCH formats available: PUCCH format 1a/1b, PUCCH format 3 and new PUCCH format. Dynamic PUCCH format selection mentioned in the previous meetings can save UL overhead and improve PUCCH resource utilization efficiency. However, similar to dynamic HARQ-ACK codebook size determination, ensuring the same between eNB and UE is essential. In this section, we present our views on candidate ways of falling back to PUCCH format 1a/1b and to PUCCH format 3 when new PUCCH format is introduced. Note that the following discussion can still hold even if multiple new PUCCH formats are introduced.
Fallback to PUCCH format 1a/1b

In Rel.10-12 CA, if the UE configured with PUCCH format 3 only receives one PDSCH on the FDD PCell or only receives PDSCH scheduled by the PDCCH in which DAI value equals to 1 on the TDD PCell, it should transmit the HARQ-ACK using PUCCH format 1a/1b on the PUCCH resource defined based on Rel.8/9 specification. If the UE receives PDSCH on SCell for FDD PCell or receives PDSCH scheduled by the PDCCH in which DAI value is more than 1 on the TDD PCell, HARQ-ACK feedback is transmitted using the PUCCH format 3. eNB can monitor both PUCCH format 1a/1b and PUCCH format 3 to avoid the error case that the UE only detects PDSCH scheduled on PCell, while eNB schedules PDSCH on both PCell and SCells.
In Rel.13 CA, it is still essential to maintain the connection and therefore, fallback to PUCCH format 1a/1b in the same condition as in legacy CA should be supported; when UE is only scheduled on the FDD PUCCH-Cell or the UE is only scheduled with one PDSCH of which DAI equals to 1 on the TDD PUCCH-Cell, the UE should transmit HARQ-ACK for the CC(s) within the PUCCH cell-group using PUCCH format 1a/1b.

Proposal 2:
· Fallback to PUCCH format 1b should be supported as in legacy Rel.10-12 CA.
Fallback to PUCCH format 3
Different from falling back to PUCCH format 1a/1b, if new PUCCH format needs to fall back to PUCCH format 3 in certain cases, a reliable and less complicated method is desirable to ensure the same understanding between eNB and UE. Otherwise, eNB will have to decode the PUCCH format 1a/1b, PUCCH format 3, and the new PUCCH format over different PUCCH resources blindly, which increases the eNB implementation complexity due to different decoding algorithms for different PUCCH formats. For example, the DTX-to-ACK detection algorithms and the channel coding schemes are different. Furthermore, eNB would have to reserve multiple PUCCH resources for different PUCCH formats to avoid possible collisions among different UEs. It causes wastage of the PUCCH resources, which is contradict to the original motivation of introducing dynamic PUCCH format selection. How to ensure the same understanding between eNB and UE can be considered together with the mechanism for dynamic adaptation of HARQ-ACK codebook size. If an effective HARQ-ACK codebook adaptation mechanism is found, the PUCCH format can be adapted as well as the HARQ-ACK codebook size. 
Proposal 3:

· Fallback to PUCCH format 3 can be supported if the same understanding between eNB and UE can be achieved with reasonable cost.
4. Resource indication for the new PUCCH format
Currently, implicit ACK/NACK resource allocation which is mapped to the (E)PDCCH CCE index is used for PUCCH format 1a/1b; explicit higher-layer signaling is applied to configure ACK/NACK resource allocation for PUCCH format 3. Similar to the PUCCH format 3, TPC command field in DL grants for non PUCCH-Cell PDSCH is still available in Rel.13 CA, and therefore it is reasonable to use the same ARI-based resource indication also for the new PUCCH format, unless any issue is identified.  

Proposal 4:

· Resource indication for the new PUCCH format should be ARI-based as in PUCCH format 3.
5. Conclusion
In this contribution, we discussed HARQ-ACK feedback for CA with up to 32 CCs and reached following proposals.
Proposal 1:

· Dynamic HARQ-ACK codebook size determination can be supported if the same understanding between eNB and UE is ensured with a reasonable cost.
Proposal 2:
· Fallback to PUCCH format 1b should be supported as in legacy Rel.10-12 CA.

Proposal 3:

· Fallback to PUCCH format 3 can be supported if the same understanding between eNB and UE can be achieved with reasonable cost.
Proposal 4:

· Resource indication for the new PUCCH format should be ARI-based as in PUCCH format 3.
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