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1	Introduction
In RAN1#88bis and RAN1#89, the following has been agreed regarding CBG-based (re-)transmissions with single/multi-bit HARQ-ACK feedback.
Agreements:
· Confirm the working assumption as below.
· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:
· Only allow CBG based (re)-transmission for the same TB of a HARQ process
· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB
· CBG can include one CB
· CBG granularity is configurable
Agreements:
· 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.
Agreements:
· For downlink data transmission with CBG based (re)transmission,
· The number of CBG HARQ ACK bits for a TB is at least equal to the number of CBGs indicated or implied for transmission
· FFS whether or not the UE transmits HARQ ACK bits for CBGs not indicated or implied for transmission
· FFS “indicated or implied” is realized by RRC, MAC, L1 signalling, or implicitly derived
· FFS HARQ ACK feedback on one channel for the case of multiple TBs
· FFS for fallback 
Agreements:
· For DL CBG-based (re)transmission,
· Following information can be configured to be included in the same DCI:
· Which CBG(s) is/are (re)transmitted.
· Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.
· FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed.
· FFS: timing of CBG-based (re)transmission.
· For preemption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been preempted.
· The preemption indication is transmitted using a PDCCH.
· The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
· FFS: the granularity of the time and/or frequency resources.
· FFS: what DCI is used.
· FFS: timing of the preemption indication.
Agreements:
· For grouping CB(s) into CBG(s), following is adopted.
· With indicated 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 indicated number of CBG 
· FFS “indicated” is realized by RRC, MAC, L1 signalling
Agreements:
· At least following is supported.
· For a given number of CBGs for a given TB, the number of CBs per CBG should be as uniform as possible.
· The difference of CB number per CBG between any two CBGs is either 0 or 1.
· FFS on the detailed rule for the CB grouping.
· Study further benefit and realization of non-uniform CB distribution across CBGs.

In this contribution, we focus on the discussion of HARQ-ACK feedback for CBG-based (re-)transmission.
2	HARQ-ACK feedback
In terms of how to group CB(s) into CBG(s), it has been agreed that the grouping is based on an indicated number of CBGs, and the number of CBs in a CBG changes according to TBS. So the actual transmitted number of CBGs is equal to the indicated number of CBGs except for the following two cases:
· Case 1: when the number of CBs in a TB is smaller than the indicated number of CBGs for an initial transmission
· Case 2: retransmission, where only some CBGs may be transmitted.
The common understanding is that there is one HARQ-ACK feedback bit per CBG. So the necessary number of HARQ-ACK feedback bits is equal to the indicated number of CBGs except for the above two cases.
A natural question is whether a fixed or variable number of HARQ-ACK feedback bits per TB should be supported to handle the above two cases.
It has been agreed in RAN1#88bis that HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers is supported. As discussed in our companion contribution [1], it becomes necessary to support dynamic DL association set and HARQ-ACK codebook size when the HARQ-ACK timing is dynamically indicated in dynamic TDD operation. Correspondingly, mechanisms are necessary to handle error cases when one or more DL assignments are not successfully received. In LTE, DAI has been used for error case handling. When the number of HARQ-ACK bits per TB is variable, larger range of variation would require more states for DAI (i.e. larger overhead in DCI) to avoid ambiguity. For example, assuming 8 CBGs are configured, the number of HARQ-ACK feedback bits per TB can vary from 1 to 8 bits. Assuming DAI is designed to handle up to 2 back-to-back missing DL assignments, the number of states that DAI needs to support is 8*(2+1) = 24 states, i.e. 5 bits. On the other hand, if we assume fixed HARQ-ACK feedback bits per TB, DAI only needs to support 3 states, i.e. 2 bits, which saves 3 bits in DCI. If we consider both counter DAI and total DAI, the saving would be doubled. This example assumes a single TB per slot. If there are up to two TBs scheduled per slot, the overhead would be even larger.
Even though it has not been discussed in NR whether the same/similar mechanism would be used to handle the missed DL assignments, it is generally expected that a variable size would be more complicated to handle, especially if the maximum size is not a small value (which is true in case of CBG-based transmission). So from this perspective, fixed number of HARQ-ACK feedback bits per TB has its advantage in reducing DCI size.
The potential drawbacks associated with fixed HARQ-ACK feedback per TB include:
· There may be some unused bits in the two cases above. This may be considered as unnecessary overhead.
· However, if the values are predefined for these unused bits (e.g. always ‘0’ or always ‘1’), the decoder can use the a priori info in decoding, and the performance should not be affected much.
· It sometimes may need a larger PUCCH container than necessary, but whether this is an issue depending on how the gNB configures the PUCCH resources.
· If the container and PUCCH resources are configured according to the worst case scenario (i.e. the largest possible payload size), this whould not be an issue.
· If the gNB would like to indicate the proper PUCCH resource dynamically based on the expected payload size each time, it implies that more PUCCH resources with various supported payload sizes need to be configured in advance, and the gNB would indicate one of these. This again means more overhead in DCI for PUCCH resource indication.
· The granularity of the supported payload size of PUCCH formats is rather coarse, so the gain from dynamic change in the container size could be limited.

Given these discussions, we think it is reasonable to use fixed HARQ-ACK feedback size per TB as the starting point, and more efficient ways of handling the error cases can be further investigated.
Proposal 1: For CBG-based (re-)transmissions, use fixed HARQ-ACK feedback size per TB (equal to the indicated number of CBGs) as the baseline.
4	Conclusion
In this contribution, we have discussed HARQ-ACK feedback related to CBG-based (re-) transmissions, with the following proposal:
[bookmark: _GoBack]Proposal 1: For CBG-based (re-)transmissions, use fixed HARQ-ACK feedback size per TB (equal to the indicated number of CBGs) as the baseline.
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