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Introduction
In RAN1#90bis, the followings were agreed but exact design of both semi-static and dynamic codebook is not concluded. This contribution shows our view on semi-static/dynamic HARQ-ACK codebook for CBG-based transmission. This contribution is revision of R1-1718287.
	Agreements:
· In single CW configuration, the maximum configurable number of CBGs per TB is 8
· The possible max number of CBGs per TB is 2, 4, 6, 8
· In multiple CW configuration, the maximum configurable number of CBGs per TB is 4
· In multiple CW configuration, the configured maximum number of CBGs per TB is the same between TBs 

Agreements:
·  ‘Semi-static’ HARQ-ACK codebook (per PUCCH group) is at least determined by 
· Configured number of DL Cells
· The max number of TBs based on configuration for each DL cell
· Configured number of CBGs per TB per configured DL cell
· FFS: Handling of different numerology between UL and DL
· Details FFS
· Dynamic HARQ-ACK codebook (per PUCCH group) with CBG configuration at least for one serving cell
· Details FFS



Discussion
Semi-static HARQ codebook
In offline session of RAN1#90bis, the following four options were identified for semi-static codebook design [1].
	· Option 1:
· Counter DAI indicates location of HARQ-ACK bits in HARQ-ACK codebook per DL cell 
· Codebook size quantization (e.g. 8, 12, …) to minimize ambiguity
· gNB can modify DAI to minimize ambiguity
· DL association set is dynamically determined
· DL association set starts from first slot where PDSCH is associated to UCI transmission in certain UL slot 
· Last slot of the DL association set is the last PDSCH slot for which UE can prepare HARQ ACK in time given the configured UE processing time.
· Option 2:
· Counter DAI indicates location of HARQ-ACK bits in HARQ-ACK codebook per DL cell
· Semi-statically configure a set of HARQ-ACK codebook sizes and select with HARQ-ACK resource indicator
· Option 3: 
· Semi-static configuration of UL association set
· Set defines the slot(s) where the HARQ feedback for a PDSCH will be multiplexed
· Option 4
· gNB configures DL association set size and maximum number of DL assignments the UE is expected to receive during the DL association set size
· DAI indicates number/index of DL assignment in the DL association set



Our understandings of above options are summarized as Table 1.
[bookmark: _Ref498624207]Table 1  Four options for semi-static HARQ codebook 
	
	HARQ-ACK bit location
	DL association set
	HARQ-ACK codebook size

	Option 1
	Determined from counter DAI
	Dynamically determined based on first PDSCH associated with UCI transmission and UE processing time
	Explicitly configured

	Option 2
	Determined from counter DAI
	Unclear
	Explicitly configured

	Option 3
	Determined in sequential order within semi-statically configured codebook size
	Semi-statically configured
	Semi-statically configured

	Option 4
	Determined from counter DAI
	Semi-statically configured
	Determined from maximum number of DL assignments



In our view, if DL association set is dynamically determined based on the timing configuration between DL transmission and HARQ-ACK, it means dynamic codebook. Such design is in any way required for dynamic codebook.  Therefore, in order to avoid duplicated function, semi-static DL association set is sufficient for semi-static codebook.
Our thinking of the use case for semi-static codebook is semi-static codebook design is used until dynamic codebook design work properly. Therefore, simple and reliable are important properties. Therefore, our preference is option 3.
Proposal 1: For semi-static HARQ-ACK codebook design, Option 3 (Semi-static configuration of DL association set and codebook size without DAI) should be supported.

Dynamic HARQ codebook
In offline session of RAN1#90bis, the following four alternatives were identified for dynamic codebook handling [1].
	· Alt. 1: Extend counter DAI and total DAI by log2(max_number_of_CBGs_per_TB) bits
· Alt. 2: Generate HARQ-ACK for maximum number of CBGs per TB across configured cells
· Alt. 3: Generate first HARQ-ACK sub-codebook for TBs and generate second HARQ-ACK sub-codebook for CBGs of TBs with NACK
· Alt. 4: For same CG, define first/second sub-CG with semi-static/dynamic HARQ-ACK codebook – HARQ-ACK codebook is the joined first/second HARQ-ACK codebooks



· Alt.1: Extend counter DAI and total DAI by log2(max_number_of_CBGs_per_TB) bits
For CA and/or TDD in LTE, DAI is used for dynamic codebook to avoid ambiguity of the number of HARQ-ACK bits [2]. If DAI principle is naturally extended to CBGs, additional DAI bits to count the configured number of CBGs are necessary as log2(max_number_of_CBGs_per_TB) bits. When UE is configured multiple CW, additional DAI bits is log2(max_number_of_CBGs_per_TB * 2).Then the number of each DAI bits is calculated as {2 + log2(max_number_of_CBGs_per_TB * number_of_CW)}, where “2” is conventional DAI bits that means DAI can be used for less than four consecutive PDCCH misdetections. Even in multiple CW case, one counter/total DAI is indicated in DCI. For both single CW case and multiple CW case, the maximum number of counter DAI and total DAI is 5 bit (totally 10 bit). 
Table 2 shows conventional DAI and the example of CBG-level DAI. CBG-level DAI shows the case that the configured number of CBGs is 8. We assume the number of CBG for conventional DAI as 1. As shown in Table 2, the number of CBG-level DAI bits is increased by 3 bits compared to conventional DAI when the configured number of CBGs is increased by 8 times. Then it means log order increase according to the configured number of CBGs.
Alt.1 can transmit only necessary HARQ-ACK bits, but increases DCI payload size by DAI based on log(n) order, where n is the number of HARQ-ACK bits. n is increased by the scaling of configured number of CBGs in a TB.
[bookmark: _Ref492556546]Table 2  Example of DAI definition
     (b) CBG-level DAI for 8 CBGs (5 bit)
(a) Conventional DAI (2bit)


	DAI field
	Interpreted value

	00000
	1 or 33 or …

	00001
	2 or 34 or …

	00010
	3 or 35 or …

	00011
	4 or 36 or …

	00100
	5 or 37 or …

	00101
	6 or 38 or …

	00110
	7 or 39 or …

	00111
	8 or 40 or …

	:
	:

	11110
	31 or 63 or …

	11111
	0 or 32 or …



	DAI field
	Interpreted value

	00
	1 or 5 or …

	01
	2 or 6 or …

	10
	3 or 7 or …

	11
	0 or 4 or …








      
If the increase of DAI bits is issue, further optimization can be considered like Alt.1a.

· Alt.1a: Extend counter DAI and total DAI with coarse granularity
Table 3 shows the example of DAI definition with coarse granularity. This DAI definition is assumed that the configured number of CBGs is 8 and DAI can be used for less than four consecutive PDCCH misdetections. These assumptions are same as DAI of Table 2 (a), but DAI bits of Table 3 can be reduced 2 bit compared to Table 2 (a). Then counter/total DAI bits can be reduced from 10 bit to 6 bit (4 bit reduction). The granularity can be implicitly configured according to the configured number of CBGs, or explicitly configured using RRC signalling considering UL/DL resource. Although DAI of Table 2 (a) can indicate the number of HARQ-ACK bits in increments of 1 bit, DAI of Table 3 indicates the number of HARQ-ACK bits in increments of 4 bit (i.e. UE can generate only 4, 8, 12,… bit even though the indicated number of CBGs is not multiples of 4). Coarse granularity of DAI increase HARQ-ACK bits, but it is smaller than using semi-static codebook. Therefore this method can reduce DAI bits while mitigating increase of HARQ-ACK bits.
[bookmark: _Ref492495817]Table 3  Example of DAI definition with coarse granularity (3 bit)
	DAI field
	Interpreted value

	000
	4 or 36 or …

	001
	8 or 40 or …

	010
	12 or 44 or …

	011
	16 or 48 or …

	100
	20 or 52 or …

	101
	24 or 56 or …

	110
	28 or 60 or …

	111
	0 or 32 or …



· Alt. 2: Generate HARQ-ACK for maximum number of CBGs per TB across configured cells
Alt.2 uses conventional DAI (i.e. counter/total DAI bits is totally 4 bit). Compared to Alt.1, Alt.2 can reduce DAI bits instead of the increase of HARQ-ACK bits. 

· Alt. 3: Generate first HARQ-ACK sub-codebook for TBs and generate second HARQ-ACK sub-codebook for CBGs of TBs with NACK
We think Alt.3 can reduce HARQ-ACK bits the most among all alternatives. However, we think processing time is not sufficient for piggyback. If PUSCH rate matching parameter is determined by the number of failed CBGs, PUSCH rate matching parameter is determined only at the timing to receive the last DL assignment. Then PUSCH rate matching parameters and correspondingly TBS are determined. It means PUSCH encoding time is not sufficient. 

· Alt. 4: For same CG, define first/second sub-CG with semi-static/dynamic HARQ-ACK codebook – HARQ-ACK codebook is the joined first/second HARQ-ACK codebooks
This alternative is based on a different perspective from other alternatives. This can have separate discussion.

[bookmark: _GoBack]Comparing Alt.1 and Alt.2, there is trade-off between DCI payload size increase and ARQ-ACK bits increase. DCI payload size increased by DAI is based on log(n) order but HARQ-ACK bits increase is based on n order. Then, the signalling overhead by DAI is smaller than the signalling overhead by linear increase of HARQ-ACK bits. In addition, reduction of HARQ-ACK bits is more important because it limits the coverage. Therefore, our preference is Alt.1. Alt.1a can also be considered if overhead of DAI is a concern. 
Proposal 2: For dynamic codebook, Alt.1 (Extend counter DAI and total DAI by log2(max_number_of_CBGs_per_TB) bits) should be supported.
Proposal 3: If DCI payload size increased by DAI is an issue, further optimizations like Alt.1a should be applied.

Conclusion
In this contribution we discussed HARQ-ACK codebook for CBG-based transmission. Based on the discussions, we propose following proposals,
Proposal 1: For semi-static HARQ-ACK codebook design, Option 3 (Semi-static configuration of DL association set and codebook size without DAI) should be supported.
Proposal 2: For dynamic codebook, Alt.1 (Extend counter DAI and total DAI by log2(max_number_of_CBGs_per_TB) bits) should be supported.
Proposal 3: If DCI payload size increased by DAI is an issue, further optimizations like Alt.1a should be applied.
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