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1 Introduction
Rel-13 CA WI aims to support aggregating up to 32 serving cells in the DL. Correspondingly, the number of HARQ-ACK feedback bits in an UL subframe is significantly increased compared to Rel-12 CA where at most 5 serving cells can be aggregated by a UE. It was agreed in RAN1 #81 that 
· 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

In RAN1 #82bis, the following was agreed for HARQ-ACK codebook adaptation:

· eNodeB can configure by RRC signaling an eCA UE to determine HARQ-ACK codebook size according to either (a) or (b) as follows:
· Solution (a):

· 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
· Solution (b):

· An eCA UE determines HARQ-ACK codebook size according to the number of configured CCs (i.e. as in Rel-12)

· Fallback to PUCCH format 1a/b is supported as in Rel-12
· No additional spec impact is needed specifically for solution (b)

· Both solution (a) and solution (b) are mandatory feature as UE capability from RAN1 recommendation point of views for UEs supporting more than 5 CCs

In this contribution, we further discuss the remaining details on Solution (a) above, i.e. adaptive HARQ-ACK codebook for Rel-13 eCA.
2 Adaptive HARQ-ACK codebook
For FDD, it has been agreed that a counter DAI is included in each DL grant, and the value of the counter DAI is increased in carrier index. In order to ensure common understanding between the eNB and the UE on the HARQ-ACK codebook and at the same allow full eNB scheduling flexibility, it is preferable that a total assignment indicator (TAI) is also included in each DL grant. Assuming a UE missing four consecutive DL grants is of low probability, a 2-bit counter DAI and a 2-bit TAI are sufficient. More specifically, the counter DAI and TAI will be represented as Table 1 and Table 2 respectively. At the UE side, based on the received DAI and TAI, the UE can obtain the HARQ-ACK codebook size and the bit position within the HARQ-ACK codebook for the HARQ-ACK corresponding to a serving cell based on the DAI value for the serving cell. It is noted that the TAI value shall be common in all DL grants transmitted in a subframe to a UE.
Table 1: Counter DAI 
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Table 2: TAI
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For TDD, it has been agreed that the counter DAI first is incremented in frequency-first time-second manner. The key difference between TDD and FDD is that multiple subframes can be present in a HARQ-ACK feedback window for TDD. It is possible that a TAI is also introduced to TDD, similar to that for FDD. The value of the TAI may be updated subframe by subframe in the HARQ-ACK feedback window. However, in this case, if the UE misses all DL grants in the last scheduled subframe in the HARQ-ACK feedback window, the eNB and UE may have different understanding on the HARQ-ACK codebook size. Therefore, it is preferable that the TAI value remains the same in all DL grants within a HARQ-ACK feedback window for a UE. With a common TAI value, it requires the eNB to determine the TAI value at the beginning of the HARQ-ACK feedback window, which seems to impose some eNB scheduling restriction. However, if 2 bits are used for the TAI, then a modulo 4 operation is required to set the TAI bits. Then setting the TAI value at the beginning of the HARQ-ACK feedback window does not require the eNB to determine the exact total number of scheduled serving cell/subframes. Rather, setting the TAI value at the beginning of the HARQ-ACK feedback window only requires the eNB to determine the remainder of the total number of scheduled serving cells/subframes after modulo 4 operation. In other words, if the eNB sets the TAI value to be 1, then the number of scheduled serving cells/subframes in the HARQ-ACK feedback window can still be 1, 5, 9, 13, 17, 21, 25, etc. Hence, such an eNB scheduling restriction is not believed to be severe. 

Based on the above discussion, we have the following proposal:

Proposal 1: For a UE configured with more than 5 serving cells and configured with dynamic HARQ-CK codebook, 
· 2-bit TAI is included in each DL grant;

· the value of the TAI is common in all DL grants scheduling PDSCH or indicating DL SPS release for a UE in a HARQ-ACK feedback window;

· the UE shall determine the HARQ-ACK codebook size and the HARQ-ACK bit ordering based on the received DAI and TAI.
3 Ambiguity on the number of PDSCH TBs/CWs
It has been noted by several companies that there exists an ambiguity when determining the dynamic HARQ-ACK codebook, in case the transmission modes configured for different serving cells have a different number of maximum supported PDSCH TBs/CWs. The following alternatives are summarized in [1]:

· Alt A: Spatial bundling for all CCs

· Alt B: 2 HARQ-ACK  bit reporting per CC regardless of TM

· Alt C: Both Counter DAI and total DAI count the number of codewords in case of no spatial bundling, and count the number of both carriers and subframes in case of spatial bundling

· FFS when spatial bundling is applied

· Alt D: Grouping the configured cells into different cell groups based on the maximum supported TBs of transmission modes
Alt A/B/C inevitably incurs some drawbacks, i.e. Alt A requires spatial bundling always which reduces DL throughput due to unnecessary retransmission; Alt B increases the HARQ-ACK payload size and hence reduces the HARQ-ACK performance; Alt C increases the DAI/TAI bit-width and hence increases the DL overhead. Therefore, Alt D is the preferred solution.

Proposal 2: For a UE configured with more than 5 serving cells, the configured serving cells are grouped into two groups based on the maximum supported TBs of transmission modes, and the values of DAI and TAI are independently set for each group. 
4 Adaptive HARQ-ACK codebook for LAA
For scenarios where a UE may be configured with more than 5 serving cells including one or more unlicensed carriers, i.e. the LAA operation, the probability of a UE missing 4 consecutive DL grants is higher due to the LBT procedure on the unlicensed carriers. There are a few options to consider.
· Option 1: Increase the bitwidth of DAI for LAA use case.

· Option 2: Rely on eNB implementation, e.g. to encode and generate the (E)PDCCH after obtaining the LBT outcome.

· Option 3: Disable dynamic HARQ-ACK codebook

Option 1 incurs additional DL control overhead. The bitwidth of DAI may need to be 5 if the effect of LBT is to be completed eliminated. Option 2 requires the eNB to prepare the (E)PDCCH after the LBT procedure, i.e. after determining whether transmission on an unlicensed serving cell is allowed or not. It is noted that reservation signal may need to be transmitted if the eNB acquires the channel in the middle of a subframe, at least to align with the OFDM symbol boundary. Therefore, it is possible for the eNB to prepare the (E)PDCCH after the LBT procedure. In case the eNB processing latency to prepare the (E)PDCCH is high, it is possible for the eNB to disable dynamic HARQ-ACK codebook, i.e. to use solution (b) as already agreed in RAN1#82bis. Therefore, we prefer not to have additional standardization for adaptive HARQ-ACK codebook in the LAA use case.

Proposal 3: No additional standardization work on adaptive HARQ-ACK codebook for the LAA use case.  

5 Adaptive HARQ-ACK codebook on PUSCH
In previous releases, the HARQ-ACK codebook size on PUSCH is determined based on the UL DAI in the UL grant for LTE TDD. The 2-bit UL DAI is used to adjust the HARQ-ACK codebook size when it is transmitted on PUSCH, which reduces the HARQ-ACK overhead on PUSCH. If adaptive HARQ-ACK codebook is configured for a UE, the adaptive HARQ-ACK codebook can be used irrespective its transmission on PUCCH or PUSCH. This is due to the reason that with adaptive HARQ-ACK codebook, the HARQ-ACK codebook size is already optimized. Therefore, we have the following proposal:
Proposal 4: For a UE configured with more than 5 serving cells and adaptive HARQ-ACK codebook, the adaptive HARQ-ACK codebook is used for transmission on both PUCCH and PUSCH, and UL DAI is not used to determine the HARQ-ACK codebook size. 

6 Conclusions
In this contribution, we discuss the remaining issues of adaptive HARQ-ACK codebook for Rel-13 eCA. The following proposals are made in order to complete its design:
Proposal 1: For a UE configured with more than 5 serving cells and configured with dynamic HARQ-CK codebook, 
· 2-bit TAI is included in each DL grant;

· the value of the TAI is common in all DL grants scheduling PDSCH or indicating DL SPS release for a UE in a HARQ-ACK feedback window;

· the UE shall determine the HARQ-ACK codebook size and the HARQ-ACK bit ordering based on the received DAI and TAI.
Proposal 2: For a UE configured with more than 5 serving cells, the configured serving cells are grouped into two groups based on the maximum supported TBs of transmission modes, and the values of DAI and TAI are independently set for each group. 
Proposal 3: No additional standardization work on adaptive HARQ-ACK codebook for the LAA use case.  

Proposal 4: For a UE configured with more than 5 serving cells and adaptive HARQ-ACK codebook, the adaptive HARQ-ACK codebook is used for transmission on both PUCCH and PUSCH, and UL DAI is not used to determine the HARQ-ACK codebook size. 
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