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1 Introduction
In RAN#89, we made following agreements on CBG-based (re)transmission mechanism.

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.
In this contribution, we discuss downlink control signal to support CBG (re)transmission mechanism.
2 Downlink Control Information for CBG-based Transmission
2.1 Bitmap-based Indication

In RAN#89, we agreed to include in DCI the indication for CBGs in transmission. Considering general requirements such as compactness of DCI and no increasing of the number of blind decoding attempts, we think bitmap is the simplest and straightforward approach. Using bitmap, gNB can easily indicate which CBGs are in transmission and which CBGs are not.
Proposal 1:

·  Include a bitmap for indicating which CBGs are in transmission.
2.2 Size of Bitmap for CBG Indication
It is better to have fixed size bitmap for CBG indication. Because changing the size of bitmap could change the size of DCI, which may lead to the increase the number of blind decoding. Thus, it is strongly recommended to have fixed size. Fixed size bitmap could carry unused bits depending on the actual number of CBGs supported for a TB, which could be seen as a waste of resource. However, we think simple signalling design is more important for robust operation of CBG-based HARQ mechanism.
Bitmap for CBG indication should be large enough to support many CBGs for a given average channel condition. But, at the same time, it should not be too large to have too many unused bits. The right size should be determined based on e.g., UE’s geometry (which determines the number of ACK bits UE can support in UL), whether the UE operates in CA mode (in this case ACK bits should be divided into the number of supported DL component carriers, which reduces per-carrier CBGs supported), or even UE capability. The bitmap size is by construction the maximum number of CBGs supported (N_CBG_max). Once gNB determines N_CBG_max, it could be semi-statically configured via RRC signalling to UE.
Proposal 2:

·  Bitmap size is equal to the maximum number of CBGs supported (N_CBG_max).

·  Bitmap size is semi-statically configured via RRC signaling.
2.3 Actual Number of CBGs for a TB

Although the size of bitmap is fixed, the actual number of CBGs used for a TB (N_CBG) could change over time. Different TB could have different number of CBGs depending on its TBS. Small TB could have only one CBG, while large TB could have multiple CBGs for increasing spectral efficiency during retransmission. Thus, the number of bits actually used in bitmap could be different for different TBs, but should be less or equal to N_CBG_max or bitmap size.
Proposal 3:

·  Actual number of CBGs (N_CBG) vary depending on TBS scheduled.
·  N_CBG is less than or equal to N_CBG_max.
It is very important that gNB and UE have the same understanding on the actual number of CBGs for a given TB. One way to achieve this is to make an explicit rule to determine the number of CBGs from known parameters such as TBS or N_CBG_max. Or, it could be explicitly indicated in DCI as discussed in the next section.
2.4 Initial Transmission vs Retransmission

In initial transmission, all N_CBG CBGs for a TB needs to be included to fully take advantage of chance of selective retransmission based on CBG-ACK. Including part of CBGs is also possible but it is not different from supporting small multiple TBs with increased delay. So, there is no real benefit of including part of TBs in initial transmission. Including all the CBGs in initial transmission also serves as a signalling for indicating N_CBG value to a UE. The UE receiving the DCI for initial transmission can quickly compute N_CBG by simply adding up all 1s in the bitmap. To make this work, gNB needs to include all CBGs for a given TB in its transmissions until gNB gets the first CBG-based ACK/NACK feedback. Otherwise, gNB and UE could have different understanding when CBG-ACK is lost.
In general, although the format of DCI for initial transmission and retransmission could be different, it is strongly recommended to use the same format for both initial transmission and retransmission to keep it simple and robust.
Proposal 4:

·  Initial transmission(s) (sent before gNB gets the first CBG-based ACK/NACK feedback) includes all N_CBG CBGs for a given TB.
·  Use the same DCI format for initial transmission and retransmissions.
2.5 Soft-buffer Handling Information
It was also agreed that DCI includes which CBGs need special handling for soft combing. The main motivation for including this information is for removing corrupted soft-bits due to other pre-emption based transmission before HARQ combining. Removing corrupted soft bits could improve decoding performance.

Ideally, it may be good to have the same number of bits as CBG bitmap to individually indicate which CBG needs special handling and which do not. Note that there could CBGs in retransmission due to non-pre-emption related reason. The soft bits for these CBGs do not require special handling. However, we think the chance of having both types of error is low. We think that if retransmission occurs due to pre-empted transmission, then most likely all the retransmitted CBGs need special handling for soft buffer combining. Based on this reasoning, we think one bit indicator signalling whether all the retransmitted CBGs need special handling or not is enough in most cases.
Proposal 5:

· Include one bit in DCI for soft-buffer handing which applies to all the retransmitted CBGs.
3 Conclusions
Based on above discussion, we make the following proposals.
Proposal 1:

·  Include a bitmap for indicating which CBGs are in transmission.
Proposal 2:

·  Bitmap size is equal to the maximum number of CBGs supported (N_CBG_max).

·  Bitmap size is semi-statically configured via RRC signaling.

Proposal 3:

·  Actual number of CBGs (N_CBG) depends on TBS scheduled.
·  N_CBG is less than or equal to N_CBG_max.
Proposal 4:

·  Initial transmission(s) (before gNB gets the first CBG-based ACK/NACK feedback) includes all CBGs for a given TB.
·  Use the same DCI format for initial transmission and retransmission.
Proposal 5:

·  Include one bit in DCI for soft-buffer handing which applies to all the retransmitted CBGs.
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