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1. Introduction
At the RAN1 #90bis meeting and Email discussion, following agreements were achieved [1].  
	[bookmark: _Hlk498355305]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 present our views on downlink and uplink control signaling to enable CBG-based (re)transmission. This is an update of R1-1718218.
2. Downlink control information for CBG based (re)transmission
According to the agreements, for CBG based retransmission, CBGTI, CBGFI, and NDI are separately indicated in the same DCI. In addition, network can choose either to use CBGTI only or both CBGTI and CBGFI for CBG-based (re)transmission; for example, if the network does not support the case of URLLC puncturing eMBB traffic, then for CBG-based transmission, it is sufficient that DCI only includes CBGTI; otherwise, both CBGTI and CBGFI are included in the DCI to inform UE of which CBG(s) is/are (re)transmitted and whether the re-transmitted CBG(s) is/are handled differently for soft-buffer/HARQ combining. It was further agreed that for multiple CW configuration, single CBGFI is indicated in DCI and commonly applied for both two TBs. 
The remaining issues for the DL control signaling for CBG-based (re)transmission is whether to reinterpret the MCS/TBS field to CBGTI, the  the timing of the CBG-based (re)transmission and the differentiation between the TB-based and CBG-based transmission are also discussed.
2.1. Detailed DCI composition for CBG based (re)transmission
Whether to support reinterpretation MCS/TBS field to CBGTI depends on the whether to support CBG-based retransmission to be self-decodable (without knowledge of DL control information for the initial transmission of the given TB). If the re-transmitted CBG is not required to be self-decodable, then MCS/TBS of the DCI can be re-interpreted to CBGTI. However, in this case, CBG-level retransmission can only be performed after gNB confirms (or gNB has a confident) that the DCI scheduling initial TB-level transmission is correctly received at UE side. However, it is difficult to differentiate “DTX” and “NACK” at gNB side especially for HARQ-ACK multiplexing case and it is inevitable that miss-detection of DCI happens at the UE side. Besides, it is not possible to support subsequent re-transmission without waiting HARQ-ACK feedback for pre-emption case. We believe that the re-transmitted CBG(s) should be self-decodable without DL control information for the initial transmission of the TB, and as long as these concerns are not resolved, we think MCS/TBS field should not be re-interpreted to CBGTI. 
In addition, RAN1 has not decided details on MCS/TBS indication even for TB based transmission, it is not good approach to re-interpret these fields without the baseline. Therefore, we propose following similar as for TB-based transmission:
Proposal 1:
· For every CBG-level (re-)transmission, the UE is able to decode the re-transmitted CBG(s) from the DCI information in that transmission only (i.e., without DL control information for the initial transmission of the TB).
To sum up, following information is needed for CBG-based (re)transmission:
Table 1: DCI composition for CBG based (re)transmission
	One codeword (CW)
	Two codewords

	Time/frequency-domain resource allocation 
	Time/frequency-domain resource allocation

	HARQ ID
	HARQ ID

	N-bit CBGTI, N≤8
	N-bit CBGTI for CW1, N≤4

	MCS/TBS
	MCS/TBS for CW1

	1-bit NDI
	1-bit NDI for CW1

	RV
	RV for CW1

	1-bit CBGFI (configurable)
	N-bit CBGTI for CW2, N≤4

	
	MCS/TBS for CW2

	
	1-bit NDI for CW2

	
	RV for CW2

	
	1-bit CBGFI (configurable)



Another small issue is the value for the CBGTI of empty CBG when the number of CBs for a TB is smaller than the configured maximum number of CBGs needs to be fixed to be either ‘0’ or ‘1’.

2.2. Timing for the CBG-based (re)transmission and HARQ-ACK feedback
It is noted that current specification supports asynchronous HARQ operations for both DL and UL. Therefore, there is no need to specify the timing for CBG-based re-transmission. In fact, it is reasonable to assume that for re-transmitted CBG(s) caused by usual errors, gNB should re-schedule the CBG(s) after decoding the HARQ-ACK feedback; while for re-transmitted CBG(s) caused by pre-emption, gNB can re-schedule the subsequent transmission without waiting the HARQ-ACK feedback. 
For the subsequent transmission, the remaining issue is UE behaviour on whether to transmit or to suspend the HARQ-ACK for the previous transmission. This depends on the time gap between the timing for HARQ-ACK feedback corresponding to previous transmission and the timing for subsequent transmission, UE processing capability to successfully decode the DCI scheduling the re-transmission.
As agreed that the timing for HARQ-ACK feedback can be dynamically indicated in the scheduling DCI, it is easy to update/overwrite the HARQ-ACK timing as long as above time gap and UE processing capability is allowable. However, it may have impact on RAN2 in terms of HARQ RTT Timer and re-transmission Timer. Alternatively, regardless of processing UE capability, always enable HARQ-ACK feedback for every transmission i.e., previous and subsequent transmission can also be considered. 
Proposal 2:
· From RAN1 specification point of view, CBG-based (re)transmission should be able to be scheduled at any timing including before HARQ-ACK feedback for the CBG(s). 
· Define UE behavior the case where re-transmission is received before the UE transmits HARQ-ACK feedback.
· If the UE can adjust the HARQ-ACK feedback timing based on the DCI scheduling the subsequent re-transmission is not enough, UE shall transmit HARQ-ACK for both previous transmission and subsequent re-transmission on the timings/resources indicated by respective DCIs.
· Else, the UE shall suspend the HARQ-ACK feedback for previous transmission and transmit the HARQ-ACK after decoding the subsequent re-transmission based on the DCI indication.
2.3. Differentiate the TB-based and CBG-based (re)transmission
Based on the discussion in section 2.1 for DCI composition for CBG-based transmission, it is reasonable to define at least two DCI formats having different payloads: one is for full TB scheduling and the other is for CBG(s) scheduling. It is desirable to define these DCI formats separately and optimize the designs independently. 
When the UE is configured with CBG-based (re)transmission, the UE shall monitor at least the DCI format for CBG(s) scheduling. However, as discussed above, the DCI format for CBG(s) scheduling includes additional field(s). Furthermore, when the UE is scheduled by a DCI format for CBG(s) scheduling, the UE generates HARQ-ACK bit per CBG, which results in HARQ-ACK feedback overhead increase. Semi-statically increasing DL and UL control signaling overhead is not desirable to ensure the reliability/coverage of control channels. Therefore, it should be possible to adapt DL and UL control signaling overhead in dynamic manner. This can be realized by letting the UE to monitor the two DCI formats. Monitoring at least two DCI formats can be realized by monitoring two DCI format sizes.
Proposal 3:
· When a UE is configured with CBG-based (re)transmission, the UE shall monitor two DCI format sizes.
· One DCI format size e.g. fallback DCI schedules a whole TB and requests TB-level HARQ-ACK feedback.
· Another DCI format size schedules CBG(s) of a given TB and requests CBG-level HARQ-ACK feedback.
· Depending on which DCI format UE detects, UE behavior is determined.
 
3. Uplink control information for CBG based (re)transmission
Following agreements made for HARQ-ACK feedback at the last meeting: 
	Agreements:
· NR supports HARQ-ACK bundling in spatial domain for a NR-PDSCH transmission
· FFS details (e.g., whether or not to have RRC configuration, whether to apply to CBG-based HARQ-ACK or not, etc.)
Agreements:
· For HARQ-ACK spatial bundling: 
· Support higher layer configuration for spatial-domain bundling per PUCCH group
· Bundling is per cell, and same configuration applies to all the cells
· FFS whether or not to support HARQ spatial bundling in a dynamic manner

Agreements:
· For NR non-CA, both semi-static and dynamic HARQ-ACK codebook are supported by configuration
· Note: the “by-configuration” is also applicable to the CA case
Agreements:
· Dynamic HARQ-ACK codebook (per PUCCH group) for the case without CBG configuration
· HARQ-ACK codebook determination based on counter DAI and total DAI
· Use LTE as starting point
· FFS details
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



For CA, CBG-based transmission is configured per carrier/CC. For example, for a UE configured with CA of up to five carriers, CC#3 and CC#4 are configured with CBG-based transmission, where the numbers of configured CBGs for CC#3 is 4, and for CC#4 is 8; while CC#2, CC#1 and CC#0 are configured with TB-based transmission. Across the carriers/CCs configured with CBG-based (re)transmission, the number of CBGs can be different.
At the RAN1#90bis meeting, support of semi-static HARQ-ACK codebook and dynamic HARQ-ACK codebook was agreed. For dynamic HARQ-ACK codebook, in the case without CBG configuration, the dynamic dimensions are in frequency domain and time domain. Therefore, the dynamic HARQ-ACK codebook  is determined based on the counter DAI and total DAI; same as in LTE, two-bit counter DAI and two-bit total DAI are sufficient. On the other hand, in the case with CBG configuration, additional domain in CBG level needs to be considered. This requires to increase the bit-lengths for the counter DAI and total DAI. For example, taking the above example where the maximum number of CBG on a carrier is 8, at least 4-bit counter DAI and 4-bit total DAI are needed; UL overhead reduction is at the cost of the DL overhead increase. While the DL overhead can be reduced by configuring small number of CBGs per carrier. 
Proposal 4: 
· To support dynamic HARQ-ACK codebook size with CBG configuration, the bit-length of Counter DAI and Total DAI should be UE-specifically configured or can be derived based on the maximum number of the CBGs configured among all carriers.
Regarding whether and how to apply the HARQ-ACK bundling in spatial domain for a CBG-based PDSCH transmission. Based on the agreements that the configured maximum number of CBGs per TB is the same between TBs for multiple CW configuration, then the HARQ-ACK bundling in spatial domain can be applied for the CBGs cross the two CWs. In addition, if one CBG in one CW is empty while the corresponding CBG in the other CW is not empty, i.e. ‘full’, then the HARQ-ACK for this pair of CBG bundling is the same as the HARQ-ACK feedback for the ‘full’ CBG of the CW.
Proposal 5: 
· Support HARQ-ACK bundling in spatial domain for a CBG-based PDSCH transmission.
· Same CBG index from two CWs are bundled and one-bit HARQ-ACK feedback is mapped for the CBG index. 
· If the CBG is empty in one CW while the corresponding CBG in the other CW is not empty, the HARQ-ACK feedback is same as the HARQ-ACK feedback for non-empty CBG. 
It was agreed that 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. While even with HARQ-ACK multiplexing for CBG-based transmission, for the PDSCH is scheduled using the fallback DCI, TB level HARQ-ACK feedback is used for that PDSCH transmission. 
Proposal 6: 
· When UE is configured with CBG based (re)transmission, for the PDSCH scheduled by PDCCH using fallback DCI, TB level HARQ-ACK feedback is used for that PDSCH for the case of HARQ-ACK multiplexing.

4. Conclusion
In this contribution, the downlink and uplink signaling for CBG-based (re)transmission are discussed and following proposals were made.
Proposal 1:
· For every CBG-level (re-)transmission, the UE is able to decode the re-transmitted CBG(s) from the DCI information in that transmission only (i.e., without DL control information for the initial transmission of the TB).
To sum up, following information is needed for CBG-based (re)transmission:
Table 1: DCI composition for CBG based (re)transmission
	One codeword (CW)
	Two codewords

	Time/frequency-domain resource allocation 
	Time/frequency-domain resource allocation

	HARQ ID
	HARQ ID

	N-bit CBGTI, N≤8
	N-bit CBGTI for CW1, N≤4

	MCS/TBS
	MCS/TBS for CW1

	1-bit NDI
	1-bit NDI for CW1

	RV
	RV for CW1

	1-bit CBGFI (configurable)
	N-bit CBGTI for CW2, N≤4

	
	MCS/TBS for CW2

	
	1-bit NDI for CW2

	
	RV for CW2

	
	1-bit CBGFI (configurable)


Proposal 2:
· From RAN1 specification point of view, CBG-based (re)transmission should be able to be scheduled at any timing including before HARQ-ACK feedback for the CBG(s). 
· Define UE behavior the case where re-transmission is received before the UE transmits HARQ-ACK feedback.
· If the UE can adjust the HARQ-ACK feedback timing based on the DCI scheduling the subsequent re-transmission is not enough, UE shall transmit HARQ-ACK for both previous transmission and subsequent re-transmission on the timings/resources indicated by respective DCIs.
· Else, the UE shall suspend the HARQ-ACK feedback for previous transmission and transmit the HARQ-ACK after decoding the subsequent re-transmission based on the DCI indication.
Proposal 3:
· When a UE is configured with CBG-based (re)transmission, the UE shall monitor two DCI format sizes.
· One DCI format size e.g. fallback DCI schedules a whole TB and requests TB-level HARQ-ACK feedback.
· Another DCI format size schedules CBG(s) of a given TB and requests CBG-level HARQ-ACK feedback.
· Depending on which DCI format UE detects, UE behavior is determined.
Proposal 4: 
· To support dynamic HARQ-ACK codebook size with CBG configuration, the bit-length of Counter DAI and Total DAI should be UE-specifically configured or can be derived based on the maximum number of the CBGs configured among all carriers.
Proposal 5: 
· Support HARQ-ACK bundling in spatial domain for a CBG-based PDSCH transmission.
· Same CBG index from two CWs are bundled and one-bit HARQ-ACK feedback is mapped for the CBG index. 
· If the CBG is empty in one CW while the corresponding CBG in the other CW is not empty, the HARQ-ACK feedback is same as the HARQ-ACK feedback for non-empty CBG. 
Proposal 6: 
· When UE is configured with CBG based (re)transmission, for the PDSCH scheduled by PDCCH using fallback DCI, TB level HARQ-ACK feedback is used for that PDSCH for the case of HARQ-ACK multiplexing.
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