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1 Introduction

During the WI phase of NR, CBG-based retransmission has been introduced and specified with the following summary of the agreements

	· For the following discussion on CBG-based retransmission, define the terms CBGTI and CBGFI as below. 

· CBGTI (CBG transmission information) means information on which CBG(s) is/are (re)transmitted and, 

· CBGFI (CBG flushing out information) means information on which CBG(s) is/are handled differently for soft-buffer/HARQ combining
· At least following is supported for DL CBG-based (re)transmission.

· A DCI includes both CBGTI and CBGFI.
· When N is the maximum number of CBGs configured by RRC
· N bits for CBGTI, and the other 1 bit for CBGFI
· At least following is supported for DL and UL CBG-based (re)transmission.

· A DCI includes CBGTI.
· 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 
· For the case when the semi-static HARQ-ACK codebook with HARQ-ACK multiplexing which includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s)) is used,
· NACK is reported for all the CBGs if TB CRC check is not passed while CB CRC check is passed for all the CBs
· NACK is mapped for the empty CBG index if the number of CBs for a TB is smaller than the configured maximum number of CBGs
· When UE is configured with CBG based retransmission, for the PDSCH scheduled by PDCCH using fallback DCI, TB level HARQ-ACK feedback is used at least for the case without HARQ-ACK multiplexing


In this contribution, the issues for the further clarifications of CBG-based retransmission are discussed.
2 HARQ Operations Description
In LTE, how a UE performs HARQ combining for a TB is described in MAC layer specification (TS36.321). In that reason, the parameters HARQ process ID, NDI, and RV are delivered from PHY layer to MAC layer. However, in NR, a UE configured with CBG-based retransmission performs HARQ combining between initial transmission and retransmission for a TB based on CBGTI and CBGFI. Therefore, to describe HARQ operation in MAC layer, MAC layer should be aware of a lot of PHY layer parameters, e.g., CBGTI, CBGFI, and channel coding related parameters. This would result in too much impact on MAC specification. Therefore, it is better for CBG retransmissions (also, pre-emption indication) being not visible in the MAC specification. Instead, PHY specifications should describe UE behaviors for HARQ operations based on CBGTI and CBGFI.  In [1], there are definitions of CBGTI and CBGFI in DCI formats that refer to [3]. However, there is no mentions of CBGTI and CBGFI in [3]. 
Observation 1: CBGTI and CBGFI are transparent to MAC layer.

Observation 2: PHY layer specifications should describe UE behaviors for HARQ combining w.r.t. CBGTI and CBGFI.
3 Clarification for HARQ-ACK feedback
In RAN1#90 meeting, it is agreed the HARQ-ACK codebook includes HARQ-ACK corresponding to all the configured CBGs for semi-static codebook with HARQ-ACK multiplexing, while whether HARQ-ACK feedback only for the scheduled CBGs or CBGs determined by TBS for dynamic codebook or single PDSCH is FFS. 

In RAN1#91 meeting, it is agreed to adopt two sub-CBs for dynamic HARQ-ACK codebook, where one sub-CB is for TB-level HARQ-ACK and the other is for CBG-based HARQ-ACK, and no DAI enhancement is introduced. Without any DAI enhancement, such as CBG-level DAI, the number of HARQ-ACK bits per PDSCH has to be fixed to avoid codebook size ambiguity within sub-CB for CBG-based HARQ-ACK. Therefore, HARQ-ACK feedback based on scheduled CBGs or CBGs determined by TBS is ruled out. 
For the case of single PDSCH operation, there is no clear agreement yet. For the payload of at most 8 bits, RM code applies (≤11 bits). The gNB receiver can directly use prior knowledge of some HARQ-ACK information transmitted from a UE and achieve practically the same performance for HARQ-ACK corresponding to all the configured CBGs, or only for scheduled CBGs or only for CBGs determined by TBS. Moreover, HARQ-ACK feedback only for the scheduled CBGs cannot indicate TB-level CRC error. Therefore, the same feedback mechanism, i.e., HARQ-ACK corresponding to all the configured CBGs should be applicable to all scenarios for simplicity. 
Proposal 1: HARQ-ACK codebook includes HARQ-ACK corresponding to all the configured CBGs for single PDSCH operation, semi-static HARQ-ACK codebook and dynamic HARQ-ACK codebook. 
Proposal 2: The following modification of [2] is proposed.

-------------------------------------   Text Proposal -------------------------------------------------
9.1.1 CBG-based HARQ-ACK codebook determination

If a UE is configured per serving cell with higher layer parameter CBG-DL = ON, the UE receives PDSCHs that include code block groups (CBGs) of a transport block. If the UE is configured by higher layer parameter CBG-DL = ON, the UE is configured by higher layer parameter CBGs-per-TB-DL per serving cell a maximum number 
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 code blocks (CBs) in a transport block, the UE determines a number of CBGs as 
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 HARQ-ACK information bits for the transport block in the HARQ-ACK codebook, where the first  
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 HARQ-ACK information bits are generated through a one-to-one mapping with the 
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 HARQ-ACK information bits are generated as NACK if 
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 . If the UE receives two transport blocks, the UE concatenates the HARQ-ACK information bits for the second transport block after the HARQ-ACK information bits for the first transport block.  

A retransmission of a transport block to a UE, corresponding to a same HARQ process as a previous transmission of the transport block to the UE, includes the same CBs in a CBG as the initial transmission of the transport block.
If a DCI format scheduling the retransmission of the transport block includes a CBG transmission information (CBGTI) field of 
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 bits of the CBGTI field have a one-to-one mapping with the 
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 CBGs, the UE determines whether or not a CBG is retransmitted based on a corresponding value of the CBGTI field. 




If the UE generates a HARQ-ACK codebook in response to a retransmission of a transport block, corresponding to a same HARQ process as a previous transmission of the transport block, the UE generates an ACK for each CBG that the UE correctly decoded in a previous transmission of the transport block.  
If a UE correctly detects each of the 
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If a UE receives a PDSCH that is scheduled by a PDCCH with DCI format 1_0, the UE generates HARQ-ACK information only for the transport block in the PDSCH. 

If a UE is not configured with higher layer parameter CBG-DL = ON, the UE generates one HARQ-ACK information bit per transport block. 

-------------------------------------   Text Proposal Finished -------------------------------------------------
4 Conclusions

This contribution considered some clarification of CBG-based retransmission-related issues. The following observations and proposals are provided.
Observation 1: CBGTI and CBGFI are transparent to MAC layer.
Observation 2: PHY layer specifications should describe UE behaviors for HARQ combining w.r.t. CBGTI and CBGFI.
Proposal 1: HARQ-ACK codebook includes HARQ-ACK corresponding to all the configured CBGs for single PDSCH operation, semi-static HARQ-ACK codebook and dynamic HARQ-ACK codebook.
Proposal 2: The following modification of [2] is proposed.
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