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1 Introduction
In RAN1 #90bis, the following agreements on CBG-based (re)-transmissions were reached [1]:
	No.
	[bookmark: _GoBack]Agreement

	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 

	2
	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

	3
	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.



In this paper, we consider some details of CBG-based HARQ feedback design, in particular, aspects of CBG A/N multiplexing for multi-codewords, CA, and cross-slot scheduling, as well as TB-level A/N fallback for CBG-level A/N.
[bookmark: p8]2 CBG A/N multiplexing for MCW, CA, and dynamic K1 timing
2.1 CBG A/N for multi-codeword case
For transmission with rank higher than 4, MCW will be used. When the carrier is configured to use CBG A/N, instead of TB A/N, CBG A/N can be reported. As per agreement in RAN1 #90bis indicated above, each TB can be configured with the same number of CBGs, which can be max of 4 each. During a retransmission, however, the 2 CWs may have different number of CBGs to retransmit, e.g., one CW may have only 1 CBG to retransmit, while the other may need to retransmit 3 CBGs. To have a better utilization of resources, an option to consider would be to allow some of the CBGs from the second CW to be retransmitted in the first CW – In the above example, 2 CBGs each in the 2 CWs for the case of similar channel conditions between CWs. This makes per-CBG RBs more uniform, leading to better resource utilization. The overhead for signalling the redistribution can be reduced by having a pre-determined table-based redistribution, which, for the general channel conditions, can depend on the number of CBGs remaining in each CW, the MCS and the rank of each CW. In the symmetric-channel case, a single-bit signalling overhead can suffice to indicate if a redistribution has been performed or not (or even this can be signalled in a semi-static way in RRC); In general, to allow for more finer redistribution, additional bits can be included in DCI to have a better rate matching to the channel conditions of the two codewords.  These additional bits can potentially be derived by reusing some of the MCS-field bits, as the modulation order may change but the coding rate is not expected to change during re-transmission. 
When one of the CWs has 0 CBGs to retransmit, two options can be considered: Either redistribute CBGs from the other CW as discussed above; or an alternative option to consider would be to start a new TB in that CW, with NDI flipped, and use a smaller allocation for the retransmission CW.
[bookmark: p9][bookmark: p12]Proposal 1. In the case of CBG-based (re)-transmission for MCW, consider supporting redistribution of CBGs between the two codewords during retransmission for improved resource utilization. 
2.2 CBG A/N multiplexing for CA and cross-slot scheduling
When a UE is configured to perform CA and/or when the UE is configured to support multiple K1 (i.e., different timing between PDSCH transmission and A/N feedback), and the UE is configured to perform CBG level A/N, it is possible that the UE needs to feedback multiple sets of CBG A/N in one PUCCH (see also [2]). 
For example, if a UE is configured to perform CBG A/N with 10 bits for A/N for one CC and there are 5 CCs, the UE may need to budget for 50 bits for the PUCCH to carry the CBG A/N for all CCs (as the total number of A/N bits needs to be selected to handle the worst case).
Another example is when K1 can be dynamically indicated in DCI, and K1 can be 2, 3, or 4. Then the A/N in slot N PUCCH can be for PDSCHs in slots N-2, N-3 or N-4. In other words, there can be 3 PDSCH transmissions requiring A/N feedback in the same slot N. If for this CC, a 10-bit CBG A/N is configured, we will need to budget for 30 bits in PUCCH to handle the worst case as well.
As a result, the required PUCCH payload size to support CBG level A/N for CA and adaptive K1 can be quite high, which can limit the use case of CBG A/N in such scenarios. Hence, we need ways to reduce the required A/N bits to make the CBG A/N feature sustainable under CA and multiple-K1 scenarios. Note that due to potential DL grant miss-detection error event, it is not safe to adapt the PUCCH payload size depending on the actual number of PDSCHs scheduled. The design needs to be robust enough to handle DCI-misdetection event.
[bookmark: p13]Proposal 2. The CBG A/N multiplexing for CA and dynamic K1 cases should consider A/N payload size reduction and target a robust design to handle DCI-misdetection event.
To reduce the number of bits needed for A/N, there are a few observations we can take advantage of:
· Not all budgeted PDSCHs will be transmitted in most cases
· If a PDSCH is not transmitted, only a TB-level NAK is needed
· Note that a TB-level NAK is still needed as there is the potential of DCI-misdetection event.
· Not all PDSCH transmissions need CBG-level A/N
· There is a high chance that the CBGs in a PDSCH either all pass or all fail, in which case TB-level A/N is good enough
· However, the gNB does not know which PDSCH will benefit from CBG-level A/N ahead of time
· Only the UE knows that after the actual decoding
These observations points to a design that shares the limited number of available PUCCH payload bits across multiple CCs and multiple PDSCHs across slots. 
First of all, the PUCCH payload size is configured by the gNB through RRC. Out of this A/N-payload budget, the UE will pick the PDSCH to report CBG-level A/N. The remaining PDSCHs can be supported by a TB-level A/N. For example, suppose there are total of 10 PDSCHs possible, each configured with 8 bits for CBG-level A/N. Instead of using 80 bits for PUCCH, the gNB can configure 22 bits for the PUCCH payload: The UE can use 10 bits for TB-level A/N for each of the 10 PDSCHs, use 4 bits to indicate the PDSCH for which CBG-level A/N will be reported, and the remaining 8 bits for the CBG-level A/N for that PDSCH. 
The UE will pick the PDSCH to report CBG-level A/N so as to maximize the CBG-level retransmission gain. For example, if out of the 10 PDSCHs, only one of them has bursty errors, then the UE would report CBG-level A/N for that PDSCH. If there are more than one PDSCHs with bursty errors, the UE can select the one that provides maximum performance gains, e.g., the one with the minimum number of CBGs to be retransmitted. However, the selection mechanism can be subject to implementation.
[bookmark: p14]Proposal 3. For CBG-level A/N multiplexing, consider configuring a fixed A/N payload and let the UE choose the PDSCH(s) to feedback CBG-level A/N while using TB-level A/N for the remaining PDSCHs.
3 TB-level A/N fallback for CBG-level A/N
Even if a UE is configured for CBG-level A/N, a fallback to TB-level A/N can be useful in a number of scenarios, e.g., when all CBGs pass or fail. An important aspect in supporting TB-level A/N fallback for CBG-level A/N is keeping the overhead low, in terms of additional control bits and/or resources (e.g., PUCCH). One approach could be to have a single PUCCH resource big enough to carry CBG-level A/N. The UE can decide to send TB-level or CBG-level A/N -- The different level of feedback will lead to different payload lengths for UCI. gNB can perform blind detection assuming both UCI lengths – The two payload sizes can be distinguished either with different DMRS sequences or the same DMRS but with different payload sizes. In the second case, a confirmation of the level of A/N can be obtained either through CRC if present or using a false-alarm metric to pick the right one.  
Proposal 4. Consider using the same PUCCH resource for CBG-level A/N or for fallback to TB-level A/N with blind detection at gNB for different UCI lengths. 
4 Conclusions 
In this contribution, we considered some aspects of CBG-based (re)-transmission (in particular, region-based CBG construction, DCI overhead reduction, and CBG A/N multiplexing for MCW, CA, and dynamic K1 timing), and have the following proposals/observations:
Proposal 1. In the case of CBG-based (re)-transmission for MCW, consider supporting redistribution of CBGs  between the two codewords for improved resource utilization. 
Proposal 2. The CBG A/N multiplexing for CA and dynamic K1 cases should consider A/N payload size reduction and target a robust design to handle DCI-misdetection event.
Proposal 3. For CBG-level A/N multiplexing, consider configuring a fixed A/N payload and let the UE choose the PDSCH(s) to feedback CBG-level A/N while using TB-level A/N for the remaining PDSCHs.
 Proposal 4. Consider using the same PUCCH resource for CBG-level A/N or for fallback to TB-level A/N with blind detection at gNB for different UCI lengths. 
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