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1 Introduction
In RAN1#82bis, HARQ-ACK transmission for up to 32 CCs was discussed with the following agreements:
Agreements:
· At least for FDD, for the Rel-13 UE configured to transmit up to more than 22 HARQ-ACK bits with a dynamic codebook configuration (i.e., the maximum possible codebook size is more than 22 bits) in a subframe, 

· Dynamic adaptation between PUCCH format 3 and one of the new PUCCH formats is supported for the actual HARQ-ACK transmission
Agreements:
· 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 show our views on the remaining issues on HARQ-ACK feedback for up to 32 CCs.
2 Discussion
DAI-based solution for dynamic HARQ-ACK codebook adaptation can work well when all of the aggregated serving cells are licensed carriers and FDD serving cell is configured as PCell. Both counter DAI and total DAI (if supported) can be accurately set based on the actual scheduling. Then, PUCCH format 3 or new PUCCH formant can be dynamically selected for HARQ-ACK transmission based on the maximum number of HARQ-ACK bits to be transmitted.
However, the following issues should be further considered for HARQ-ACK transmission:
· Whether total DAI is needed?

Without total DAI, UE determines the HARQ-ACK codebook size based on the counter DAI indicated by the last DL grant. Blind decoding of HARQ-ACK will be needed when last DL grant(s) is/are missed. The HARQ-ACK detection performance may be slightly degraded. Furthermore, PUCCH resource collision may exist when the PUCCH format used for HARQ-ACK transmission is selected based on the total number of HARQ-ACK bits, unless additional DCI field is introduced in DL grant to indicate PUCCH format selection. To avoid blind decoding and PUCCH collision, we propose that total DAI should be explicitly indicated for dynamic HARQ-ACK codebook adaptation. However, considering the DCI overhead, the number of bits for total DAI should be limited.
Proposal 1: Total DAI should be explicitly indicated for dynamic HARQ-ACK codebook adaptation.
· How to set the total DAI (if supported) when all of the aggregated serving cells are licensed carriers and TDD serving cell is configured as PCell?

When the HARQ-ACK bits corresponding to M DL subframes {n0, n1, …, nM-1} are transmitted in one UL subframe, total DAI cannot be accurately set, since the eNB cannot know the actual scheduling on M DL subframes until the scheduling on the subframe nM-1 is completed. Therefore, the eNB should indicate an approximate total DAI based on the amount of data to be transmitted, and ensure the actual number of HARQ-ACK bits to be transmitted is not more than the total DAI. If the number of HARQ-ACK bits to be transmitted is less than the total DAI, padding bits should be added into the HARQ-ACK feedback sequence.
Since the range of HARQ-ACK codebook size for TDD is wide, in order to reduce the DAI overhead, the number of HARQ-ACK codebook sizes should be restricted. Both the following methods can be considered:

· Method 1: Several codebook sizes are preconfigured by the eNB. One of the configured sizes is indicated by total DAI.
· Method 2: Granularity of codebook size is defined by the specification. A factor is indicated by total DAI, the HARQ-ACK codebook size is determined based on the factor and the granularity.
Proposal 2: When all of the aggregated serving cells are licensed carriers and TDD serving cell is configured as PCell, 
· It is not expected that the number of HARQ-ACK bits to be transmitted is more than the codebook size determined by total DAI.
· If the number of HARQ-ACK bits to be transmitted is less than the codebook size determined by total DAI, padding bits should be added into the HARQ-ACK feedback sequence.
· How to set the counter DAI, total DAI (if supported) and PUCCH resource when unlicensed carriers are aggregated?

Since the scheduling on unlicensed carrier would be more earlier than licensed carrier, counter DAI, total DAI (if supported) and PUCCH resource in one DL subframe for FDD or in one bundling window for TDD cannot be accurately set when unlicensed carriers are aggregated. 
For total DAI, the same method supported for TDD serving cell is configured as PCell can be used with partial redundancy. However, the continuity of counter DAI and the coherence of PUCCH resource cannot be kept between licensed and unlicensed carriers. The following HARQ-ACK transmission scheme should be considered for LAA:
· Licensed carrier
Channel selection, PUCCH format 3 or new PUCCH format can be configured for HARQ-ACK transmission based on the number of configured licensed carriers. 
Dynamic codebook adaptation is supported. HARQ-ACK codebook size for licensed carriers (Nlicensed) is determined based on DAI.

Dynamic PUCCH format adaptation is supported based on the number of actual HARQ-ACK bits corresponding to licensed carriers. 
PUCCH resource (nlicensed) is determined based on (e)CCE (channel selection) or ARI (format 3 or new format).
When UE only receives DL assignments on licensed carriers, Nlicensed HARQ-ACK bits are transmitted on PUCCH resource nlicensed using a selection PUCCH format.
· Unlicensed carrier

PUCCH format 3 or new PUCCH format can be configured based on the number of configured licensed and unlicensed carriers. 
HARQ-ACK codebook size for unlicensed carriers (Nunlicensed) is determined based on the number of configured unlicensed carriers (i.e. as in Rel-12).
Dynamic PUCCH format adaptation is not supported when unlicensed carrier is scheduled.
PUCCH resource (nunlicensed) is determined based on ARI or RRC. If the indicated PUCCH resources corresponding to multiple scheduled unlicensed carriers are different in one subframe for FDD or in bundling window for TDD, one PUCCH resource should be selection for HARQ-ACK transmission.
When UE receive DL assignments on unlicensed carriers, Nlicensed + Nunlicensed HARQ-ACK bits are transmitted on PUCCH resource nunlicensed using a fixed PUCCH format.
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Figure 1: HARQ-ACK transmission scheme for LAA
Proposal 3: When solution (a) is configured to determine HARQ-ACK codebook size,
· Dynamic codebook adaptation is only used for licensed carriers.

· HARQ-ACK codebook size for unlicensed carrier is determined based on the number of configured unlicensed carriers.

· Separated PUCCH resource allocation is used for licensed and unlicensed carriers.

· If UE only receives DL assignments on licensed carriers, HARQ-ACK bits corresponding to licensed carriers are transmitted on PUCCH resource corresponding to licensed carriers.
· If UE receives DL assignments on unlicensed carriers, all of the HARQ-ACK bits are transmitted on PUCCH resource corresponding to unlicensed carriers.
3 Conclusions
In this contribution, we show our views on the HARQ-ACK transmission for up to 32 CCs with the following proposals:
Proposal 1: Total DAI should be explicitly indicated for dynamic HARQ-ACK codebook adaptation.

Proposal 2: When all of the aggregated serving cells are licensed carriers and TDD serving cell is configured as PCell, 

· It is not expected that the number of HARQ-ACK bits to be transmitted is more than the codebook size determined by total DAI.
· If the number of HARQ-ACK bits to be transmitted is less than the codebook size determined by total DAI, padding bits should be added into the HARQ-ACK feedback sequence.

Proposal 3: When solution (a) is configured to determine HARQ-ACK codebook size,
· Dynamic codebook adaptation is only used for licensed carriers.

· HARQ-ACK codebook size for unlicensed carrier is determined based on the number of configured unlicensed carriers.

· Separated PUCCH resource allocation is used for licensed and unlicensed carriers.

· If UE only receives DL assignments on licensed carriers, HARQ-ACK bits corresponding to licensed carriers are transmitted on PUCCH resource corresponding to licensed carriers.

· If UE receives DL assignments on unlicensed carriers, all of the HARQ-ACK bits are transmitted on PUCCH resource corresponding to unlicensed carriers.
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