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Discussion and decision
1 Introduction

For enhancement of scheduling and HARQ procedure in NR [1], CB-group (CBG) based retransmission was agreed in RAN1#89 as below. 
	· 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 
· 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 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

· 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.


This contribution considers aspects on CBG construction in order to perform CBG-based retransmission in NR.
2 CBG Construction Alternatives 
Configuration of the number of CBGs per TB

It was agreed that the number of CBs in a CBG changes according to TBS with indicated number of CBGs. The remaining issue is how to indicate the number of CBGs. One approach is for higher layer signaling to semi-statically configure the maximum number of CBGs and the number of CBGs can change according to TBS (e.g. for small TBS). . Another approach is L1 signaling to dynamically indicate the number of CBGs being independent of TBS, which can optimize spectral efficiency and dynamically control HARQ-ACK payload. This can be beneficial in enabling the gNB to dynamically control the number of CBGs according to the TBS or to dynamically control the HARQ-ACK payload size particularly in case HARQ-ACK for a variable number of PDSCHs or for a variable number of cells is transmitted in a same HARQ-ACK codeword. 
When information for (re)transmitted CBGs is included in a DCI, higher layer signaling for the maximum number of CBGs is appropriate. When CBG indication in a DCI is not configured (e.g. HARQ-ACK codeword is protected by CRC), L1 signaling can be used to dynamically control the number of CBGs and the total number of bits of HARQ-ACK bits in a HARQ-ACK codeword. 
Proposal 1: Support both L1 and higher layer signalling for configuring the number of CBGs per TB.
CB grouping for given number of CBGs

One agreement on how to group CBs into CBGs is that, for any two CBGs, the difference between the numbers of CBs per CBG is either 0 or 1. Therefore, one possible way is that some CBGs have ceil(C/M) CBs while the other CBGs have floor(C/M) CBs, where C and M denote the numbers of total CBs in the TB and the configured number of CBGs, respectively. When the number of CBs in a TB is smaller than the indicated number of CBG for initial transmission, all CBG have one CB while the number of CBGs is equal to the number of CBs. When the number of CBs in a TB is larger than the indicated number of CBG for initial transmission, the exact grouping can be decided after LDPC code design (still ongoing) is completed especially for the CB segmentation method. 
Proposal 2: Decide the exact grouping of CBs in a CBG after the LDPC code design, such as for CB segmentation, is completed.
CBG construction for retransmission
Another issue related to CBG construction is how to define CBG in retransmission cases. An example with 8 CBs and 3 CBGs is shown in Figure 1. 
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Figure 1. Two approaches for CBG construction in retransmission

As shown in Figure 1, CBG 0 and CBG 1 have 3 CBs while CBG 2 has 2 CBs. Among the 8 CBs, it is assumed that the UE fails to decode CB 0. Then, only CBG 0 needs to be retransmitted, i.e., the first three CBs need to be retransmitted. There can be two alternatives for CBG grouping in retransmission. Alt 1 is to use the same CBG grouping as for the initial transmission as shown in (2-1) of Figure 1. With Alt 1, how the UE sends HARQ-ACK feedback needs further discussion in that the UE transmits 1 or 3 bits for HARQ-ACK feedback corresponding to the retransmission. Alt 2 is to use new CBG grouping as shown in (2-2) of Figure 1. Alt. 2 results to a smaller number of CBs per CBG than for the initial transmission and this can complicate overall operation as the number of CBGs requiring retransmissions can vary and can unnecessarily increase HARQ-ACK overhead without material benefits as the CBG granularity (number of CBs per CBG) can become too small. 
Alt 2 may not work if HARQ-ACK detection is wrong at the gNB since the gNB and the UE are not aligned about which initial CBG(s) are being retransmitted and re-grouped as new CBGs. Also, if reduced length/RBs for the PDSCH is used for retransmission, there is no identifiable benefit for Alt 2. 
Proposal 3: Keep same CBG grouping in retransmission as initial transmission.
CBG-to-symbol alignment 
CBG-to-symbol alignment was discussed in previous RAN1 meetings. One suggested benefit is that it can minimize the number of CBGs that are incorrectly decoded due to preemption. For example, there may be three CBGs mapped in one OFDM symbol without alignment when only a part of the first and the third CBGs is mapped to the OFDM symbol and the second CBG is fully mapped in the OFDM symbol. In this case, when the OFDM symbol containing the above three CBGs is punctured, decoding for all three CBGs may fail while, if one OFDM symbol includes only one CBG (i.e., does not include partial CBGs), the puncturing of the OFDM symbol affects only one CBG. 
However, due to the variable control regions and reference signal positions, as well as due to the variable number of RBs for PDSCH transmissions of a same TBS depending on the MCS, gNB scheduling restriction or non-uniformed CBG with shortened CB size may be required for such alignment, causing overall system throughput degradation. Therefore, CBG-to-symbol alignment does not need to be considered in terms of CB segmentation at least in NR phase I [4].
Proposal 4: CBG-to-symbol alignment does not need to be considered in CB segmentation in NR phase I.
Two-TB MIMO case

It was agreed to support one TB for up to 4 layers and 2 TBs for more than 4 layers. Similar to LTE, separate scheduling information for each TB is desirable, such as MCS and HARQ related information. Therefore, the number of CBs in each TB is likely to be different. Even though the same number of CBGs can be configured for each TB, the actual transmitted number of CBGs of the TBs can be different. However, when each TB has information for CBG initial transmissions or retransmissions in DCI, the payload will further increase (on top of the additional MCS and HARQ related information). Either TB-common per-CBG information or fixed maximum number of CBGs per PDSCH regardless of number of TBs can reduce the payload for CBG related information in DCI [2].
Proposal 5: Support TB-common per-CBG indication or fixed maximum number of CBGs per PDSCH transmission regardless of whether one TB or two TBs are scheduled. 
3 Conclusions
In this contribution, CBG grouping for CBG-based retransmission was discussed. It can be summarized as below.
Proposal 1: Support both L1 and higher layer signalling for configuring the number of CBGs per TB.
Proposal 2: Decide the exact grouping of CBs in a CBG after the LDPC code design, such as for CB segmentation, is completed.
Proposal 3: Keep same CBG grouping in retransmission as initial transmission.
Proposal 4: CBG-to-symbol alignment does not need to be considered in CB segmentation in NR phase I.
Proposal 5: Support TB-common per-CBG indication or fixed maximum number of CBGs per PDSCH transmission regardless of whether one TB or two TBs are scheduled.
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