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1
Introduction
Work Item “LTE Carrier Aggregation Enhancement Beyond 5 Carriers” targets at as the second objective on enhancing carrier aggregation framework to support up to 32 component carriers. Enhancements to support UCI feedback on PUCCH for up to 32 DL carriers was identified in the WID [1] as one of the items for the second WI objective. The enhancements may include enhancements to UE HARQ-ACK reporting and feedback procedure. 

In RAN1#82 [2] it was agreed that HARQ-ACK codebook size is dynamically determined. In RAN1#82bis it was agreed that eNodeB can configure an eCA UE to determine HARQ-ACK codebook size according to either the number of configured CCs or dynamically as follows:

· DAI based solution is supported for dynamic HARQ-ACK codebook:
· Counter DAI in each DL assignment of one CG are used to HARQ-ACK codebook order.
· Counter DAI is incremented in frequency-first-time-second manner for TDD PUCCH CG.
· Counter DAI is incremented in carrier index for FDD PUCCH CG
· FFS: Number of bit for counter DAI
· FFS: Total DAI in each DL assignment of one CG is to indicate the total codebook size in the current subframe for the corresponding FDD PUCCH CG, up to present subframe within a bundling window for corresponding TDD PUCCH CG.
· FFS:UL DAI in UL grant is used to indicate the total codebook size within bundling window (Keep the same function in Rel-12); UL grant with UL DAI can be triggered by eNB if it is deemed necessary to further ensure the common understand between UE and eNB on the total codebook size 
· FFS: Granularity of codebook
In this contribution, we present our views on remaining issues on dynamic HARQ-ACK codebook size determination.
2
HARQ-ACK codebook determination
One of the remaining issues relates to the TM ambiguity on CCs for which UE misses the DL assignments. Several options to solve ambiguity have been presented, including: 

· Counter DAI is incremented over scheduled CWs instead of CCs. This provides accurate accumulation of HARQ-ACK bits, but at price of increased DAI field and DL overhead.

· Spatial bundling of HARQ-ACK bits is always used. Spatial bundling is frequently used in TDD CA, although it results in some loss in DL throughput. This provides smallest HARQ-ACK feedback.   

· UE assumes 2 HARQ-ACK bits for all CCs. This results in somewhat too large HARQ-ACK codebook.

· eNB can configure either spatial bundling over all CCs or 2 HARQ-ACK bit reporting per CC regardless of TM. This results in somewhat too large HARQ-ACK codebook.   
· CCs are grouped into 2 separate CC groups according to configured TM, and Counter DAI is accumulated separately for both groups. This increases the logical complexity of DAI, and also results in somewhat too large HARQ-ACK codebook. 

We see that all options have relatively equal benefits and drawbacks. When considering CA configuration with more than 5 CCs, we expect that majority of configured CCs will have reasonably similar radio propagation and interference conditions as seen by UE. Correspondingly, the same TM would be configured to the UE on most of CCs. Hence,    we have slight preference for the option where eNB can configure either spatial bundling over all CCs or 2 HARQ-ACK bit reporting per CC regardless of TM. 
Proposal #1: For handling of TM ambiguity for CCs for which UE missed DL assignment, eNB can configure either spatial bundling over all CCs or 2 HARQ-ACK bit reporting per CC regardless of TM.  
Correspondingly, as Counter DAI would be incremented over scheduled CCs instead of CWs, we do not see any need to extend Counter DAI field beyond 2 bits. It is highly unlikely that UE misses 4 consecutive DL assignments. 

Proposal #2: 2-bit Counter DAI is included into in each DL assignment
Another remaining issue is how the problem of UE missing the last DL assignment is handled. In RAN1#82bis, several potential solutions were presented and discussed. In the end, it was agreed in RAN1#82bis to limit further discussions on Total DAI in each DL assignment and on the use of UL DAI in UL grant. We see that Total DAI operation can provide high reliability on correct codebook determination while maintaining full scheduling flexibility at eNB. Further, the enhanced codebook determination reliability can be achieved with an acceptable increase in DL overhead, even when a separate Total DAI field is included in each DL assignment. Hence, we propose that Total DAI operation is introduced in Rel-13.
Proposal #3: Total DAI operation, indicating within one CG the total codebook size in the current subframe for the corresponding FDD PUCCH CG, and up to present subframe within a bundling window for corresponding TDD PUCCH CG, is introduced.  
It should be noted that Total DAI operation faces a special case when TDD PUCCH cell is used for HARQ-ACK reporting. The special case occurs when UE is scheduled in multiple subframes within the CC/subframe bundling window, but only on one CC in the last scheduled subframe. In this case, error would be faced in the HARQ-ACK codebook determination if UE misses the last DL assignment for the cell. To avoid such error case, UE should report a minimum number of HARQ-ACK bit(s) for the last subframe within the TDD HARQ-ACK bundling window. In the case that UE does not detect any DL assignment on the last subframe, it will report just NACK(s). Obviously, this kind of mechanism is not used when UE performs fall back to PUCCH Format 1a/b. 
Proposal #4: In the case of TDD PUCCH CG, UE will report HARQ-ACK bit(s) at least for one CC on the last subframe of the CC/subframe bundling window, with the exception of PUCCH Format 1a/b fall back.

The new PUCCH Format 4 or 5 will be configured to an UE with the intention that it will carry an UCI payload larger than 22 bits. Correspondingly, sufficient number of PRBs will be allocated to PUCCH Format 4 so that such large UCI payload with 8-bit CRC can be reliably signalled. However, due to dynamic HARQ-ACK codebook determination, there can be occasions, depending on the PUCCH format adaptation mechanism, when less than 23 HARQ-ACK/SR bits are reported with PUCCH Format 4 or 5. Having a 8-bit CRC attached also for that kind of transmission does not cause any increase in the resource consumption, as the PUCCH Format 4 resource is pre-configured and dimensioned for a larger payload. Quite the contrary, using single coding and CRC protection scheme on a PUCCH format can simplify the PUCCH format reception on eNB. Hence we propose that Rel-8 TBCC and 8-bit CRC are used on the new PUCCH formats also for less than 23 HARQ-ACK/SR bits.  
Proposal #5: Rel-8 TBCC and rate matching is used and 8-bit CRC is always included into the HARQ-ACK transmission on the new PUCCH formats 4 and 5, regardless of the number of bits.
In TDD, when HARQ-ACK bits are multiplexed with UL data on PUSCH and PUSCH transmission is triggered with DCI format 0/4, DAI field in UL grant is applied to determine the HARQ-ACK codebook size. This is a robust way to handle error cases involved in the dynamically adjusted HARQ-ACK codebook size. It makes sense to apply this principle also in Rel-13 enhanced carrier aggregation.

In RAN1 #82bis, it was agreed that eNB selects whether a UE uses dynamic HARQ-ACK codebook adaptation according to the scheduled carriers or static HARQ-ACK codebook according to the configured carrier. We propose in [3] that the configuration should be common for PUSCH and PUCCH. The dynamic adaptation would be especially important for HARQ-ACK transmission on PUSCH because that would allow for narrow PUSCH allocations when the number of configured carriers is large but only a few carriers are scheduled. In order to ensure robust error case handling, we propose that UL DAI bits are included in DCI format 0/4 also in FDD mode when the UE is configured to apply dynamic HARQ-ACK codebook adaptation. The UE determines the size of HARQ-ACK codebook based on UL DAI bits when transmitting HARQ-ACK on PUSCH multiplexed with UL data, similarly as in TDD.

Proposal #6: When the UE is configured to use dynamic HARQ-ACK codebook adaptation, include UL DAI bits in DCI format 0/4 also in FDD mode.
3
Conclusion 
In this contribution, we discuss the remaining issues on HARQ-ACK codebook determination. Based on the discussion, the following proposals and observation can be summarized: 
Proposal #1: For handling of TM ambiguity for CCs for which UE missed DL assignment, eNB can configure either spatial bundling over all CCs or 2 HARQ-ACK bit reporting per CC regardless of TM.   
Proposal #2: 2-bit Counter DAI is included into in each DL assignment
Proposal #3: Total DAI operation, indicating within one CG the total codebook size in the current subframe for the corresponding FDD PUCCH CG, and up to present subframe within a bundling window for corresponding TDD PUCCH CG, is introduced.  
Proposal #4: In the case of TDD PUCCH CG, UE will report HARQ-ACK bit(s) at least for one CC on the last subframe of the CC/subframe bundling window, with the exception of PUCCH Format 1a/b fall back.

Proposal #5: Rel-8 TBCC and rate matching is used and 8-bit CRC is always included into the HARQ-ACK transmission on the new PUCCH formats 4 and 5, regardless of the number of bits.
Proposal #6: When the UE is configured to use dynamic HARQ-ACK codebook adaptation, include UL DAI bits in DCI format 0/4 also in FDD mode.
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