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1 Introduction

At the RAN1#NR_AH2 meeting, the following was agreed as working assumption:
	Working assumption:

· For initial transmission and retransmission, each CBG of a TB has the same set of CB(s).


Furthermore, at the RAN1#89 meeting, the following agreements on multi-bit HARQ feedback and grouping CB(s) were reached:
	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 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:
· 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.


This contribution discusses the remaining issues on CBG based transmission and multi-bit HARQ feedback that was raised in the email discussion NRAH2-08 [3].
2 Discussion

In NR, a UE can be configured by the network using higher signalling to enable CBG based transmission. Upon enabling it, the gNB indicates the number of CBGs per TB and consequently, the UE reports multi-bit HARQ-ACK feedback at least for the indicated CBGs. Indicating the number of CBGs using RRC signalling will result on having semi-static size of CBG HARQ-ACK bits feedback. The TB size changes dynamically from one transmission to another, and may range from one CB to a dozens of CBs. For example, the UE may be receiving large amount of data in multiple transmissions and small amount of data in subsequent transmission e.g. TCP acks/nacks. Acknowledging a TB containing few CBs with large size multi-bit feedback may not be efficient. Alternatively, indicating the number of CBGs using L1 signalling allows the network to reduce the overhead on the uplink control channel by reducing the number of multi-bit feedback with cost of increasing the overhead in the downlink control channel. So to allow more flexibility, the network may configure the number of CBGs per TB semi-statically and override the configuration with L1 signalling. 
Proposal 1:
The number of CBGs per TB can be indicated using RRC signalling or L1 signalling. 

It can be useful to use multi-bit feedback in the first transmission then single-bit in subsequent retransmission, since the number of CBs involved is lower and per-CBG soft combining can be used. For example, in case where the number of CBGs is lower than CBs retransmitted, the gNB may signal a switch to per-TB feedback. Conversely, if the channel quality is expected to be uniform across CBs, a single bit could be used from the first transmission. In such case, the network may start with a TB-based single bit HARQ-ACK then switch to CBG-based HARQ if a NACK is received. Thus, it is preferable that the gNB dynamically indicates to the UE the HARQ feedback type to be used even in case where the UE is already configured with CBG-based (re)transmission. The CBG-based HARQ can consist of a bit map indicating the semi-statically configured CBGs or a bit map which indicates the scheduled CBGs and a TB level bit feedback as proposed in our companion contribution [4].
Proposal 2:
For each HARQ (re)-transmission, the gNB signals on the DCI the feedback type; TB-based single-bit HARQ feedback or CBG-based multi-bit feedback.
In LTE, NDI filed in DCI is toggled for each new TB. In NR, CBG-based transmission is introduced, and there is a discussion in RAN1 whether or not to keep the TB-level NDI, in case of CBG activation, as in LTE. At the RAN1#89 meeting, it was agreed that information about CBG soft buffer handling and which CBG being (re)transmitted will be indicated in the DCI [2]. In case CBG-based transmission is configured, the TB-level NDI can be jointly encoded with that information and it is unnecessary to introduce separate one bit NDI for TB-level. 
In fact, the DCI includes two separate fields for indicating (re)transmitted CBG’s and soft buffer handling of each CBG. Toggling all the bits in the soft buffer field will imply that a new TB is being transmitted.  Thus, no additional field is required for TB-level NDI.
Proposal 3:
TB-level NDI is jointly encoded with CBG information.
For CBG retransmissions, it was agreed as working assumption [1] that the CBG structure remains the same as initial transmission i.e. to keep the same set of CBs per CBG initially used for the first transmission. We propose here to confirm the WA to simplify the soft buffer handling per CBG; it is simpler form UE perspective to just combine/flush CBG that are already grouped, rather than regrouping CBs and soft combines part of CBG during retransmissions.
Therefore, the number of CBs per group shall be kept constant for retransmissions. This applies only if the network did not indicate TB-based HARQ for the retransmission. In the case where the number of CBs involved in a retransmission is small, the gNB may decide to switch to TB-based single bit HARQ feedback. 
Proposal 4:
Confirm the working assumption, the number of CBs per group should not be changed across CBG-based retransmissions.
3 Conclusion

In this contribution, CB-based HARQ and multi-bit HARQ feedback were discussed. The following is proposed:
Proposal 1:
The number of CBGs per TB can be indicated using RRC signalling or L1 signalling. 

Proposal 2:
For each HARQ (re)-transmission, the gNB signals on the DCI the feedback type; TB-based single-bit HARQ feedback or CBG-based multi-bit feedback.
Proposal 3:
TB-level NDI is jointly encoded with CBG information.

Proposal 4:
Confirm the working assumption, the number of CBs per group should not be changed across CBG-based retransmissions.
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