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1. Introduction
At the RAN1#82bis meeting, RAN1 agreed to support dynamic HARQ-ACK codebook adaptation based on DAI as one of configurations for HARQ-ACK feedback [1].
	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, DAI-based solution for HARQ-ACK codebook adaptation is discussed.
2. Views on the remaining FFS
2.1. Number of bits for counter DAI
With x bits counter DAI, UE can identify correct HARQ-ACK codebook even if the UE cannot receive up to 2x1 consecutive DL assignments. The number of counter DAI bits has a tradeoff between PDCCH overhead increase and reliability improvement. For TDD until Rel. 12, it is assumed that with a very high probability a UE does not miss more than 3 consecutive DL assignments over subframes within a bundling window. However, it is questionable whether the same assumption is always applicable to Rel. 13 CA, considering that the counter DAI accumulates the number of scheduled CCs over various frequency bands having different characteristics/conditions. Especially when a UE is configured with Rel. 13 CA including CCs on unlicensed band(s), DL assignment missing may occur not only because of the PDCCH detection failures at the UE side, but also because of eNB giving up transmitting DL assignment(s) due to LBT busy. The probability that the eNB detects LBT busy is totally unpredictable and uncontrollable. As such, it cannot be said that the probability that a UE cannot detect multiple consecutive DL assignments is sufficiently low. 
The issue is illustrated in Fig. 1. In this example, eNB schedules 12 CCs, but the UE cannot receive 4 consecutive DL assignments. The UE reports the same HARQ-ACK codebook in any of the four example cases, hence eNB cannot detect which set of 4 consecutive DL assignments are missed. Total DAI does not help to ensure the same understanding of HARQ-ACK codebook, if the number of counter DAI bits is not sufficient. 
[image: image1.emf]1 2 3 0 1 2 3 0 1 2 3 0

A/N A/N A/N A/N A/N A/N A/N A/N

Desired HARQ-ACK codebook

Actually transmitted HARQ-ACK codebook

UE cannot receive these DL assignments

Counter CAI

1 2 3 0 1 2 3 0 1 2 3 0

Desired HARQ-ACK codebook

UE cannot receive these DL assignments

1 2 3 0 1 2 3 0 1 2 3 0

Desired HARQ-ACK codebook

UE cannot receive these DL assignments

1 2 3 0 1 2 3 0 1 2 3 0

Desired HARQ-ACK codebook

UE cannot receive these DL assignments

Any of the above results in

the same HARQ-ACK codebook


Fig.1.
Examples of HARQ-ACK codebooks when UE misses multiple consecutive DL assignments.
In order to ensure the same understanding on HARQ-ACK codebook at the eNB and UE with sufficiently high probability, the number of counter DAI bits should be increased. Considering that there is no evidence on how many consecutive DL assignments may potentially be missed, it would be safer to specify up to 5-bit counter DAI at least for the case when 32 CCs are configured.
On the other hand, for CA configured with smaller number of CCs such as 8 CCs, 5-bit counter DAI is totally redundant. Since scheduling and DAI counting are UE-specific, the number of counter DAI bits could also be UE-specific. One example is below.
Table 1
Example of the number of counter DAI bits for a given number of configured CCs.
	Number of configured CCs
	Number of counter DAI bits

	6~8 CCs
	3

	9~16 CCs
	4

	17~32 CCs
	5


Even with these bit numbers, in case of TDD, modulo operation is necessary within a subframe bundling window. However, no modulo operation at least within a subframe is ensured by the above table. This would make a good compromise between counter DAI overhead and reliability of HARQ-ACK codebook. 
Proposal 1:

· For Rel.13 CA configurations, the number of counter DAI bits should be more than 2.
· Actual number of counter DAI bits should be determined based on the number of configured CCs.
2.2. Whether/how to introduce total DAI
Total DAI could be a solution to ensure the same understanding on HARQ-ACK codebook size even when the UE misses one or more DL assignments scheduling last PDSCH(s) in a subframe or a bundling window (see Fig. 2).
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Fig. 2.  With and without total DAI.

In case of HARQ-ACK only, this issue can be resolved even without total DAI. For example, when the HARQ-ACK is transmitted on PUCCH format 3 with RM or dual RM coding, the ACK/NACK bit(s) corresponding to the missed DL assignment(s) is not encoded, which is equivalent to encode ‘0’ for the ACK/NACK; therefore, eNB can decode HARQ-ACK codebook without taking into account the potential DL assignment(s) missing for the last scheduled PDSCH(s). When the HARQ-ACK is transmitted on PUCCH format 4 or 5 with 8-bit CRC and Rel. 8 TBCC, eNB can simply try to decode multiple HARQ-ACK codebook sizes and pick up the one whose CRC passes. If the number of scheduled CCs is 32, the number of decoding trials to cover all the possible DL assignments in case the UE cannot receive the last DL assignment(s) is not more than 32. Depending on environment or implementation, eNB can reduce the number of decoding trials from 32 to, e.g., 2~8. 
However, total DAI is essential for joint coding of different UCI types. In case of PUCCH format 3, when SR and/or P-CSI is concatenated and jointly encoded with HARQ-ACK, missing DL assignment(s) of the last scheduled PDSCH changes the bit positions of SR and/or P-CSI, which is not detectable by eNB. In case of PUCCH format 4 or PUCCH format 5, CRC will not pass as long as the codebook size of decoded UCI is different from that of encoded UCI. However, CRC will pass if UCI codebook size understanding is aligned even if the UCI contents are not aligned. For example, eNB may assume HARQ-ACK only and P-CSI is dropped, while UE may transmit smaller number of HARQ-ACK bits because of missing some DL assignments where P-CSIs are not dropped (see Fig. 3).
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Fig. 3
Even if CRC passes, eNB does not know whether UE transmits HARQ-ACK only with dropping P-CSIs (upper) or HARQ-ACK + P-CSI with missing HARQ-ACKs (lower).

The drawback of total DAI is DL overhead increase. If the same number of bits is required for the total DAI as for the counter DAI, according to the Table 1, the number of counter DAI + total DAI could be up to 10 bits per DL assignment. The overhead of total DAI can be saved by reducing the HARQ-ACK codebook size granularity. As discussed in Section 2.1, since UE may miss multiple consecutive DL assignments, modulo operation should not be applied to DAI. In this sense, reduced overhead of total DAI can be realized by indicating pre-defined HARQ-ACK codebook size by the total DAI. Table 2 shows an example of 2-bit total DAI. Similarly to the counter DAI, the number of total DAI bits could also depend on the number of configured CCs.
Table 2
Example of 2-bit total DAI and its indicated HARQ-ACK codebook size
	Number of configured CCs
	HARQ-ACK codebook size indicated by total DAI

	
	Total DAI = 1
	Total DAI = 2
	Total DAI = 3
	Total DAI = 4

	6-8
	2
	4
	8
	No. of configured CCs

	9-16
	2
	8
	16
	No. of configured CCs

	17-32
	2
	16
	32
	No. of configured CCs


For TDD case, larger HARQ-ACK codebook size is required. Furthermore, counter DAI increments frequency-first and time-second manner within a bundling window. In order to allow changing the HARQ-ACK codebook size indicated to a UE in a middle subframe of a bundling window. UE shall determine HARQ-ACK codebook size based on the total DAI in the DL assignment(s) for the last scheduled subframe in a bundling window. 
Proposal 2:

· Total DAI is introduced.
· The number of total DAI bits is increased similar to the counter DAI, or the total DAI indicates HARQ-ACK codebook size without applying modulo.

2.3. Whether/how to handle UL DAI
For FDD, if the total DAI is introduced in DL assignment, UL DAI in UL grant may not be necessary to inform a UE of the number of HARQ-ACK bits on PUSCH (otherwise it is necessary). UE shall determine HARQ-ACK codebook size based on the total DAI included in DL assignments. RAN1 agreed to support up to two beta offset values for HARQ-ACK on PUSCH. The beta offset to use can be determined by the indication of total DAI. Therefore, assuming that the total DAI is included in all the DL assignments, as long as the total DAI indication does not require applying modulo, the beta offset that was used at the eNB can correctly be known by the UE. As such, UL grant without UL DAI can be used as in legacy releases, where the HARQ-ACK codebook size in a PUSCH is determined by the total DAI. 
For TDD, legacy UL grant already has 2-bit UL DAI. This UL DAI can be used to guarantee HARQ-ACK codebook size on PUSCH, considering that if it is allowed to change the value of the total DAI within a bundling window, UE may miss all the DL assignments for the last scheduled subframe, in which case the same understanding on HARQ-ACK codebook size is not ensured. Because of the same reason discussed for the counter DAI in the DL assignments, modulo operation for UL DAI should be avoided considering the potential consecutive DL assignment missing. Therefore, either increasing the number of UL DAI bits or reducing granularity as for total DAI should be considered.
Proposal 3:

· For FDD, UL DAI may not be necessary.

· For TDD, UL DAI is useful to ensure the same understanding between eNB and UE about HARQ-ACK codebook size on PUSCH.

3. Conclusion
In this contribution, we discussed how the dynamic HARQ-ACK codebook adaptation is realized and proposed following.
Proposal 1:

· For Rel.13 CA configurations, the number of counter DAI bits should be more than 2.

· Actual number of counter DAI bits should be determined based on the number of configured CCs.
Proposal 2:

· Total DAI is introduced.

· The number of total DAI bits is increased similar to the counter DAI, or the total DAI indicates HARQ-ACK codebook size without applying modulo.

Proposal 3:

· For FDD, UL DAI may not be necessary.

· For TDD, UL DAI is useful to ensure the same understanding between eNB and UE about HARQ-ACK codebook size on PUSCH.
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