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Introduction
In RAN1 NR AH#2, RAN1 concluded to have the following email discussion towards RAN1#90 [1].
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· For the indicated number of CBGs per TB where “indicated” is realized by RRC, MAC, L1 signalling, the following options are considered for down-selection in RAN1#90. 
· Option 1. RRC signaling (for bit-field size)
· Option 2. L1 signaling (for indication the number of CBGs per TB) + RRC signaling (for bit-field size) 
· Option 3. both Option 1 and Option 2 
· To determine the number of CBG HARQ-ACK bits per TB, the following options are considered for down-selection in RAN1#90.
· Option 1. A UE transmits HARQ-ACK bits only for scheduled CBGs.
· “scheduled CBGs” means the CBGs scheduled in a (re)transmission
· Option 2. A UE transmits HARQ-ACK bits for indicated CBGs.
· FFS: “indicated” is realized by RRC, MAC, L1 signalling
· Option 3. both Option 1 and Option 2 by configuration
· For DL CBG-based (re)transmission, when information on which CBG(s) is/are (re)transmitted is configured to be included in the DCI, the following options are considered for down-selection in RAN#90.
· Option 1. TB-level NDI is jointly encoded with the information on which CBG(s) is/are (re)transmitted 
· Option 2. There is separate 1-bit bit-field for TB-level NDI.
· When CBG-based retransmission is configured, TB-level HARQ-A/N is supported and at least following options can be considered for down-selection in RAN1#90. 
· Option 1. Add 1 bit upon CBG-level HARQ-ACK bits 
· Option 2. Use all NACK of CBG-level HARQ-ACK bits
· Option 3. Use different PUCCH format or PUCCH resource
· For HARQ-ACK codebook for CBG-based retransmission, the following options are considered for down-selection in RAN1#90.
· Option 1. Dynamic codebook determination for multiple PDSCHs
· Option 2. Semi-static codebook determination for multiple PDSCHs
· Option 3. both Option 1 and Option 2 by configuration


This contribution shows our view on HARQ-ACK codebook for CBG-based transmission.

Discussion
For CBG-based transmission, dynamic codebook can reduce UCI overhead (i.e. UE doesn’t transmit HARQ-ACK bits for unscheduled CBG). Semi-static codebook can reduce DCI overhead (i.e. bit field for DAI or similar mechanism is not necessary). It is necessary to consider simpler case (non-CA with FDD) and complicated case (CA and/or TDD) separately.

Simpler case (non-CA with FDD)
For FDD, DL data reception and HARQ-ACK transmission correspond one-to-one. There is no problem to change the number of HARQ-ACK bits dynamically according to the number of CBGs. Thus dynamic codebook is preferable to reduce HARQ-ACK bits when the number of scheduled CBGs is low. It contributes to UCI overhead reduction and the coverage.
Proposal 1: For non-CA with FDD, dynamic codebook is at least supported.

Complicated case (CA and/or TDD)
· Dynamic codebook
For CA and/or TDD in LTE, DAI is used for dynamic codebook to avoid ambiguity of the number of HARQ-ACK bits [2]. DAI in LTE mainly counts the number of PDSCH transmissions. If DAI design is reused in NR, additional DAI bits to count the number of CBGs are necessary. 
Table 1 shows conventional DAI and the example of CBG-level DAI. In this example, CBG-level DAI is assumed that the number of CBGs is 8 and DAI can be used for less than four consecutive PDCCH misdetections (similar to LTE). We assume the number of CBG for conventional DAI as 1. As shown in Table 1, the number of CBG-level DAI bits is increased by 3 bits compared to conventional DAI when the number of CBGs is increased by 8 times. Then it means log order increase according to the number of CBGs.
Dynamic codebook 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 number of CBGs in a TB.
Table 1  Example of DAI field and interpreted value
     (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 …









· Semi-static codebook
Semi-static codebook is also specified for Rel-13 eCA. If the similar design is reused for NR, it causes large number of HARQ-ACK bit. The number of HARQ-ACK bits n is the sum of the number of cells, the number of slots corresponding to one feedback, the number of TBs and the number of CBGs in a TB. Although some restriction for bit reduction like Rel-13 eCA can be considered, semi-static codebook is difficult to reduce HARQ-ACK bits compared to dynamic codebook because the UE always generates HARQ-ACK bits even if the UE does not receive CBGs.  
Semi-static codebook does not increase DCI payload size, but increases HARQ-ACK bits based on n order.

DCI payload size increase by DAI is based on log(n) order but HARQ-ACK bits increase is based on n order. Therefore, 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.
Proposal 2: For CA and/or TDD, using DAI or similar mechanism, dynamic codebook should be used.

Conclusion
In this contribution we discussed HARQ-ACK codebook for CBG-based transmission. Based on the discussions, we propose following proposals,
Proposal 1: For non-CA with FDD, dynamic codebook is at least supported.
Proposal 2: For CA and/or TDD, using DAI or similar mechanism, dynamic codebook should be used. 
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