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Discussion and decision
1 Introduction

In RAN1#88bis, it was agreed to support CB-group (CBG) based retransmission for enhancing scheduling and HARQ procedure in NR [1]. 

	· The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.

· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.

· For grouping CB(s) into CBG(s), the following options can be considered.

· Option 1: With configured number of CBGs, the number of CBs in a CBG changes according to TBS.

· FFS for the case of re-transmission or the case when the number of CBs is smaller than the configured number of CBGs

· Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.

· Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.

· FFS: for the case of re-transmission

· FFS on details of each option

· FFS: CBG is approximately aligned with symbol(s)

· Other options are not precluded


This contribution considers the HARQ-ACK codebook determination for CBG-based retransmission. 
2 Discussions 
To support CBG-based retransmissions, several issues need to be considered such as: 

· Issue 1: how to form a CBG, 

· Issue 2: how a UE determines the HARQ-ACK codebook, and 

· Issue 3: how to schedule CBGs and indicate the CBGs that are retransmitted. 

Issue 1 and Issue 3 are discussed in [2] and [3], respectively. This contribution considers Issue 2. 

Determination of HARQ-ACK codebook
The determination of the HARQ-ACK codebook when a UE is configured for CBG-based HARQ-ACK feedback is related to CBG grouping, where the corresponding agreement having three options was made in RAN1#88bis. 

	Agreements:
· For grouping CB(s) into CBG(s), the following options can be considered.

· Option 1: With configured number of CBGs, the number of CBs in a CBG changes according to TBS.

· FFS for the case of re-transmission or the case when the number of CBs is smaller than the configured number of CBGs

· Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.

· Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.

· FFS: for the case of re-transmission

· FFS on details of each option

· FFS: CBG is approximately aligned with symbol(s)

· Other options are not precluded


When a UE is configured the number of CBGs or the maximum number of HARQ-ACK feedback bits, there are two alternatives for the UE to decide the number of HARQ-ACK bits. 
· Alt 1. The number of HARQ-ACK bits that is configured, .e.g. based on the configured number of CBGs in option 1 or configured maximum number of CBGs in option 2. 
· Alt 2. The number of HARQ-ACK feedback bits that UE sends varies according to the number scheduled CBGs.
Alt. 1 provides simpler procedure for HARQ-ACK feedback, similar to LTE CA operation when HARQ-ACK feedback is for all configured cells regardless of whether there is scheduling on a cell, but this can cause unnecessarily large payload of HARQ-ACK feedback, especially considering NR CA operation and HARQ-ACK feedback for a number of different PDSCHs on a same cell (similar to LTE FDD but without a fixed bundling window) in a same HARQ-ACK codebook. Alt. 1 fits well with Option 1 or Option 3. For Option 1, the configured number of CBGs can determine the HARQ-ACK codebook for a TB. For option 3, the TBS determines the number of CBs for a given maximum CB size and the configured HARQ-ACK codebook size (per TB) determines the number of CBGs. Although Option 2 is also applicable for a configured HARQ-ACK codebook size, a benefit from having a variable number of CBGs is not clear if a number of HARQ-ACK bits needs to be determined for the maximum possible number of CBGs. 
It is noted that despite having a configured HARQ-ACK codebook size, a DAI-like functionality as in LTE is needed in case a HARQ-ACK codebook conveys multiple HARQ-ACK codebooks for individual TBs in order to avoid/minimize ambiguities between the gNB and the UE for the ordering of HARQ-ACK bits in a HARQ-ACK codebook. In case the HARQ-ACK codebook size is indicated by DCI, it can be possible to determine a location of HARQ-ACK bits from the HARQ-ACK timing indication in the DCI that acts as DAI. For Option 1, this requires that a number of HARQ-ACK bits be equal to the number of configured CBGs even when the CBs per TB are fewer than the number of configured CBGs. The same holds for Option 3 where the configured HARQ-ACK codebook size (per TB) is used instead of the number of configured CBGs.
Alt. 2 can reduce the average HARQ-ACK codebook size and fits well with Option 2 but can also be applicable with Option 1 and Option 3. It is required for the UE to know cells or PDSCHs in a number of PDSCHs that the UE provides HARQ-ACK through a same HARQ-ACK codebook (equivalent to bundling window in LTE TDD) as, similar to LTE TDD or LTE eCA, the can be a potential misunderstanding between the gNB and the UE for the HARQ-ACK payload size[4]. The DAI-based mechanisms of eCA can be considered to address the ambiguity issue. 
Similar to LTE, it is possible to support both Alt. 1 and Alt. 2 based on gNB configuration as each alternative offers operational advantages that can be different in different scenarios. For example, for single cell operation and LTE-like FDD operation, Alt. 1 offers simplicity and can be preferred while for CA operation of LTE-like TDD operation (dynamic bundling window for HARQ-ACK feedback as determined by indicated HARQ-ACK timing), Alt. 2 can be preferred to reduce the potentially very large HARQ-ACK codebook size.
Proposal 1: Discuss detailed procedure of HARQ-ACK with Alt 1 and Alt 2 above.
Proposal 2: Consider both configured (by higher layers or DCI) and dynamically determined HARQ-ACK codebook size for CBG-based HARQ-ACK feedback.
3 Conclusions
In this contribution, HARQ-ACK feedback for CBG-based retransmission was briefly discussed. It can be summarized as below.
Proposal 1: Discuss detailed procedure of HARQ-ACK with Alt 1 and Alt 2 above.
Proposal 2: Consider both configured (by higher layers or DCI) and dynamically determined HARQ-ACK codebook size for CBG-based HARQ-ACK feedback.
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