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1. Introduction
In last meeting, it was agreed that the HARQ-ACK codebook size is dynamically determined. But how to ensure same understanding between eNB and UE regarding the HARQ-ACK codebook (including HARQ-ACK order and size) is FFS. Many options were presented [2]~[13] but no agreements were made. One the other hand, whether to support PUCCH format adaptation is also FFS. The motivation is already shown. Solutions are needed to be studied further. In this contribution, we will discuss the potential solutions to solve the ambiguity issues due to DTX, as well as the issues needed to be studied for PUCCH format adaptation.
2. Discussion 
2.1. Mechanism to to ensure the same understanding between eNB and UE
In the email discussion [82-03] HARQ-ACK codebook, many potential solutions were proposed to ensure the same understanding between eNB and UE. From our point of view, Pros and Cons of each potential solution are summarized in Table-1.
Table-1: Pros and cons of each potential solution

	
	Pros
	Cons

	Opt 1.1.1
	1. Can solve one of the DTX in the last two CCs/subframes.
	1. 1 additional “LDI” bit was introduced.
2. Cannot resolve the case when the UE misses two DL assignments for the ‘last two’ CC/subframe, robustness/reliability is low.
3. Prediction of the scheduling for the next subframe is needed.

	Opt 1.1.1A
	1. Can solve the DTX within a “DAI group”, more reliable than Opt 1.1.1
	1. 1 additional “LDGI” bit was introduced.

2. Predictions of the scheduling for the next subframes are needed.

3. Some scheduling restrictions, i.e., the scheduling should be “DAI group” based.


	Opt 1.1.2
	1. Can solve the DTX in the last 4 scheduled CCs/subframes, more reliable than Opt 1.1.1 and same as Opt 1.1.1A if 4 CCs/subframes in a “DAI group”
	1. 2 additional “FDI” bits was introduced.

2. Predictions of the scheduling for the next subframes are needed.



	Opt 1.1.3
	1. Same as 1.1.2
	1. 2 additional “total DAI” bits was introduced.

2. Predictions of the scheduling for the next subframes are needed.

Almost same as Opt 1.1.2, except the “name” of the 2 additional bits.

	Opt 1.1.4
	1. Smaller DL overhead compared to the Opt 1.1.1~Opt 1.1.3
	1. Cannot solve the case when the UE misses the DL assignment carrying the “total DAI”. 
2. Predictions on the scheduling of next subframes are needed if the “total DAI” is per bundling window.

	Opt 1.1.4A
	1. Smaller DL overhead compared to the Opt 1.1.1~Opt 1.1.3, same as Opt 1.1.4
2. Same reliability as Option 1.1.3 by proper setting of n.
3. No predictions on the scheduling of next subframe are needed if the last n DL assignments are in the same subframe.

4. Configurable N can achieve better tradeoff between reliability and DL throughput performance.
	1. If the UE misses some of the last n DL assignments, N NACKs should be generated, which may results in some DL throughput performance loss.

	Opt 1.1.5
	1. Smaller DL overhead compared to the Opt 1.1.1~Opt 1.1.3, same as Opt 1.1.4

	1. Mismatch still happens when the number of scheduled carriers is close to the predefined codebook size boundaries. Trade-off between the flexibility of HARQ-ACK codebook adaptation and the probability of HARQ-ACK codebook mismatch should be considered. 
2. Redundant HARQ-ACK may be included.

	Opt 1.1.6
	1. Smaller DL overhead compared to the Opt 1.1.1~Opt 1.1.3, same as Opt 1.1.4~Opt 1.1.5

	1. The reliability by DMRS or CRC scrambling should be evaluated.
2. If explicit information is added from the UE, UL overhead is an issue, and it is somewhat contradict to the purpose of dynamic HARQ-ACK codebook determination. Besides, blind detection in eNB is also needed. The reliability of blind detection should also be evaluated.

	Opt 1.1.7
	1. Smaller DL overhead compared to the Opt 1.1.1~Opt 1.1.3, same as Opt 1.1.4~Opt 1.1.6


	1. The reliability of blind detection should be evaluated.
2. The blind detection complexity should also be taken into account.

	Opt 2.1
	1. Reliability is high
2. Same overhead as Opt 1.1.4~Opt 1.1.7 if the 2 bits are used.
	1. Flexibility on HARQ-ACK codebook selection is restricted, or trade-off between the flexibility and DL control overhead.
2. Redundant HARQ-ACK may be included. (Not all the CCs in the HARQ-ACK codebook are scheduled.)

	Opt 2.2
	1. Same as Opt 2.1

2. Flexibility improved compared to Opt 2.1
	1. Same as Opt 2.1

	Opt 3
	1. No ambiguity for the TM varying in different CCs.
2. Reduce the UE blind detection in unscheduled CCs.
	1. More overhead compared to other solutions, at the extreme case, 32 bits are needed. 
2. Blind detection for the new DCI format is needed. 

3. More specification efforts are needed.


Each potential solution has its Pros and Cons when taking the robustness/reliability, UL/DL overhead and flexibility into account. Further working on those options are needed to reach a final solution. In order to better understand the solution proposed in [13], Opt 1.1.4 in Table-1, more details are presented.

For Opt 1.1.4A, it is first assuming that the scheduling CCs are ordered according to a pre-defined rule, e.g., according to an increasing order of the CC index, and then subframe index. The DAI in the first scheduling CCs/subframes is a counter DAI, representing the number of scheduled CCs/subframes up to the current CC/subframe. And the DAI in the last N scheduling CCs/Subframes is a total number DAI, representing the total number of the scheduled CC in the current subframe. Figure-1 gives two examples for the proposed solution assuming N=2 and 4 respectively.
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Figure-1: Examples of DAI values Opt 1.1.4A

One advantage of Opt 1.1.4A is that the reliability can be controlled by the value N. For N=2, in case one of the last two CCs/subframes is missed, the UE can still have the same HARQ-ACK codebook as the eNB assumes. But since the UE can not distinguish which one is missed, the UE shall generate two NACK for the last HARQ-ACK bits. But if with some useful information, the UE can distinguish the miss detection in the last N DL assignment, only NACK corresponding to the missed CCs/subframes is generated. Figure-2 gives such an example. In Figure-2, the last N CCs in the configured CC are scheduled to carrying the last N DL assignments. The UE can detect which CC(s) is missed by the consecutive CC index. If the reliability is a concern, larger N can be used. Figure-1(b) gives an example for N=4. In this case, it can solve at most 3 miss detections in the last scheduled CCs. Therefore, trade-off between reliability can DL throughput loss can be done by proper setting of N or by some scheduling restriction.
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Figure-2: Examples of DAI values for enhancement of Opt 1.1.4A (with scheduling restriction)

A variation for Opt 1.1.4A is that the last N DAIs in the scheduled CCs/subframes are just a repetition of the previous counter DAI.  Two examples with N=2 and N=3 are illustrated in Figure-3. 
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Figure-3: Examples of DAI values for variations of Opt 1.1.4A (repetition DAI)

As mentioned above, each potential solution listed in Table-1 has its own pros and cons. Opt 1.1.4A can offer a better trade-off between all the considering factors. Therefore, Opt 1.1.4A should be selected as the baseline mechanism to support dynamic codebook adaptation for HARQ-ACK.
Proposal 1: Opt 1.1.4A should be selected as the mechanism to ensure same understanding between eNB and UE. 
2.2. PUCCH format adaptation
In the last meeting, PUCCH format adaptation was discussed. And the following observations were obtained.

Observations:
· Whether to support dynamic adaptation between new format(s) and format 3?
· Motivations: 
· Overhead reduction
· Improved PUCCH resource utilization. 
· Improved PUCCH performance
· Issues to be studied further 
· How and whether to support dynamic adaptation between new format(s) and format 3
· Resource allocation for new format(s) and format 3
· Blind PUCCH format detection
The motivations of PUCCH format adaptation are clear. In this section, issues to be studied further are addressed.

First of all, dynamic HARQ-ACK codebook determination was agreed in the last meeting. It is straight forward to apply PUCCH format adaptation based on the dynamic HARQ-ACK codebook. The motivation of dynamic HARQ-ACK codebook determination is better HARQ-ACK detection performance and probably less PUCCH overhead. The PUSCH-like structure without CDM was also agreed as one of the new PUCCH formats, whether to introduce another format with CDM is still FFS. It is proposed that new PUCCH formats with CDM should also be supported for HARQ-ACK transmission in Rel-13 [16]. The new PUCCH format with CDM is targeted for medium HARQ-ACK payload to reduce the overhead. Therefore, PUCCH format should be adapted based on dynamic HARQ-ACK payload. The HARQ-ACK payload threshold for PUCCH format adaptation should be FFS. One candidate for pay load switching is the maximum supportable payload of the PUCCH format. Once the HARQ-ACK codebook size falls into the scope of certain PUCCH format, the PUCCH format is used.  Format 3 can also be adapted, if configured together.
Secondly, if PUCCH format adaptation is applied based on the actual HARQ-ACK number needed to be transmitted, different PUCCH format resources need to be configured for the UEs. If the resource allocation for the new PUCCH format is RRC configured combined with dynamic indication, resource collision problem can be solved by the eNB implementation. With PUCCH format adaptation, the UL resource may be used more efficiently. Then, the impact to legacy UE can be alleviated.
Thirdly, as mentioned in section 2.1, many potential solutions can ensure the same understanding between eNB and UE. Once the HARQ-ACK codebook and the threshold for PUCCH format adaptation are determined, the PUCCH format used for HARQ-ACK transmission can be determined. There is no misunderstanding between eNB and UE about the PUCCH format for HARQ-ACK transmission. Therefore, blind PUCCH format detection can be avoided.
Proposal 2: PUCCH format adaptation should be supported.

3. Conclusion

In this contribution, we discussed the adaptive HARQ-ACK codebook size determination for the new introduced PUCCH format and the related issues. We also analyzed the need of format adaptation.  In summary, we propose:
Proposal 1: Opt 1.1.4A should be selected as the mechanism to ensure same understanding between eNB and UE. 
Proposal 2: PUCCH format adaptation should be supported.
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