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1. Introduction

In RAN1#90bis meeting and by email discussion, following agreements were made on the CBG based retransmission for NR [1]. 
	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:

· 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
Agreements:

· 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
· FFS whether this operation is applied even for the case with HARQ-ACK multiplexing
· Note: this means that fallback DCI does not support CBG level HARQ-ACK feedback
Agreements:

· In case configured with CBG based retransmission, CBGTI, CBGFI, and NDI are separately indicated in the same DCI.

· In case with CBG based retransmission and multiple CW configuration, single CBGFI is indicated in DCI and commonly applied for both two TBs. 

· Discuss further on the detailed DCI composition for CBG based retransmission such as reinterpretation of MCS/TBS field to CBGTI. 

· Discuss further on the detailed HARQ-ACK feedback with CBG in terms of TB level HARQ-ACK, HARQ-ACK bundling, HARQ-ACK composition, with consideration of overall HARQ-ACK codebook design. 

· Compressed CBG level HARQ-ACK feedback scheme except for HARQ-ACK bundling is not supported in Rel-15.

· No additional CB grouping method is introduced in Rel-15.


In this contribution, we discuss and provide our views on the remaining aspects of CBG based HARQ retransmission for NR, in terms of DCI composition and HARQ-ACK feedback. 

2. Discussion

2.1. DCI composition for CBG retransmission scheduling
Regarding composition of the DCI for scheduling of CBG based retransmission, firstly, 1-bit flag (denoted as “TB/CBG-flag”) is included in the DCI to indicate whether whole TB or partial TB (in CBG level) is (re)transmitted via the scheduled PDSCH. In case when the TB/CBG-flag in the DCI indicates whole TB transmission, function or interpretation of MCS/TBS and other DCI fields (e.g. NDI, RV, HARQ process ID, resource allocation) is the same with the case not configured with CBG based retransmission (i.e., TB level scheduling), and CBGTI is not included/signalled in the DCI in this case. On the other hand, in case when TB/CBG-flag indicates partial TB (i.e., CBG level) retransmission, following approach is used for reduction of unnecessary DCI overhead.
1) L-bit MCS/TBS field is split with two parts: Part 1 (M-bit) is used to indicate the modulation order while Part 2 (K-bit) is used (reinterpreted) as CBGTI where L = M + K

A. TBS indication is not necessary in this case since TBS can be provided to the UE in advance by the DCI with TB/CBG-flag indicating whole TB transmission
The following is an example for checking whether the above proposal could work even in case when the error event (especially, DTX to partial ACK error) happens. As shown below, it is observed that the error event could be recognized by UE and could be resolved by NACK feedback from the UE.
	1. [Example]

2. Number of configured CBGs (i.e., number of CBGTI bits) is assumed as 4
3. Number of MCS/TBS bits is assumed as 6

4. It is assumed for TB/CBG-flag that bit “0” indicates whole TB and bit “0” indicates partial TB transmission
5. Initially, gNB schedules NDI “0” (TB1) with MCS/TBS “111000” and TB/CBG-flag “0”
· UE transmits HARQ-ACK “AAAA” and the HARQ-ACK is correctly decoded in gNB

6. Next, gNB schedules NDI “1” (TB2) with MCS/TBS “000111” and TB/CBG-flag “0”
· UE misses the DCI, but partial D-to-A error as “NNAA” happens in gNB 

· gNB schedules NDI “1” (TB2) with {CBGTI “1100” and modulation order “11”} and TB/CBG-flag “1”, by replacing MCS/TBS field into {CBGTI and modulation order}
· In this case, the UE could recognize the above error event since partial TB is scheduled before the scheduling of whole TB with TBS indication, and it would transmits NACK for all the CBGs


Furthermore, the remaining all-zero state of CBGTI can be used for the purpose of indicating CBG buffer flush. For CBG mode 1 where explicit CBGFI field is already included in DCI, the state can be used to indicate buffer flush for a part of CBGs (combined with CBGFI bit) on top of indicating the retransmission of all CBGs. Even for CBG mode 2 where no explicit CBGFI field is included in DCI, the state can be used to indicate buffer flush for all the CBGs on top of indicating the retransmission of all CBGs. 
Proposal 1: For CBG based retransmission, the following DCI composition should be applied in order to reduce DCI overhead.
· 1-bit TB/CBG-flag is included in the DCI to indicate whether whole TB or partial TB is (re)transmitted via the scheduled PDSCH.
· MCS/TBS field is split with (or reinterpreted as) two parts in case when TB/CBG-flag indicates partial TB: the first part is used to indicate modulation order and the second part is used as CBGTI.
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Figure 1
2.2. HARQ-ACK feedback for CBG based retransmission
Regarding the HARQ-ACK feedback in case configured with CBG based retransmission, following two options can be considered according to the CBG set used for composition of the HARQ-ACK payload. Note that Option 1 below was already agreed to be used in case of semi-static HARQ-ACK codebook. 
● Option 1: HARQ-ACK payload is composed based on the CBG set used in the scheduling

With this option, the CBG set used for HARQ-ACK payload composition (in UE) is the same with that used for DL data scheduling (in gNB). In this case, HARQ-ACK payload and its size is fixed during HARQ process by including HARQ-ACK even for the non-scheduled CBGs where the corresponding HARQ-ACK is mapped to DTX/NACK (if the CBG was not scheduled yet or the recent decoding result was NACK) or ACK (if the recent decoding result was ACK). Moreover, in case when CB level CRC check is passed for all the CBs but TB level CRC check is failed (i.e. TB CRC fail case), NACK is reported for all the CBGs. 

● Option 2: HARQ-ACK payload is composed only for the scheduled CBGs

With this option, HARQ-ACK payload is composed only for the scheduled CBGs which can be subset of entire CBG set used in DL data scheduling. In this case, the number of HARQ-ACK bits can be smaller than the configured number of CBGs according to the number of scheduled CBGs, and thus, UCI overhead can be reduced. In this case, considering potential (CBG level) NACK-to-ACK error (and RLC retransmission due to the error) and TB CRC fail case as in the above, 1-bit indicator could be added in the HARQ-ACK payload for the purpose of TB level NACK feedback signalling or TB level retransmission request. 

Considering potential UL resource overhead by HARQ-ACK feedback for large number of CBGs per TB (configurable up to 8) and to effectively reduce UCI payload size in case of dynamic HARQ-ACK codebook cooperated with CBG level DAI signalling, Option 2 should be supported on top of Option 1.
Furthermore, it was agreed that TB level HARQ-ACK feedback is used for the PDSCH scheduled by the fallback DCI at least for the case without HARQ-ACK multiplexing, even in case when the UE is configured with CBG based retransmission. On this issue, it is necessary to discuss and decide on the details in terms of how to compose HARQ-ACK payload and which PUCCH format/resource is used for the TB level HARQ-ACK feedback. For this TB level HARQ-ACK, the followings are preferred. 
1) HARQ-ACK payload for the PDSCH scheduled by the fallback DCI

A. 1-bit (assuming that at most one TB is scheduled by the DCI)
2) PUCCH format used for the TB level HARQ-ACK feedback by UE

A. Short or long PUCCH for up to 2 bits (e.g. PUCCH format 0/1)
Proposal 2: In case of dynamic HARQ-ACK codebook cooperated with CBG level DAI signalling, the followings should be supported to reduce UCI overhead.

· HARQ-ACK payload is composed only for the scheduled CBGs. 

· 1-bit indicator is additionally included in the HARQ-ACK payload for the purpose of TB level retransmission request. 
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Figure 2
3. Conclusion
In this contribution, we discussed on the remaining aspects of DCI composition and HARQ-ACK feedback for the CBG based retransmission in NR, and the followings are proposed: 
Proposal 1: For CBG based retransmission, the following DCI composition should be applied in order to reduce DCI overhead.
· 1-bit TB/CBG-flag is included in the DCI to indicate whether whole TB or partial TB is (re)transmitted via the scheduled PDSCH.
· MCS/TBS field is split with (or reinterpreted as) two parts in case when TB/CBG-flag indicates partial TB: the first part is used to indicate modulation order and the second part is used as CBGTI.
Proposal 2: In case of dynamic HARQ-ACK codebook cooperated with CBG level DAI signalling, the followings should be supported to reduce UCI overhead.

· HARQ-ACK payload is composed only for the scheduled CBGs. 

· 1-bit indicator is additionally included in the HARQ-ACK payload for the purpose of TB level retransmission request. 
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