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Discussion
1      Introduction
In last RAN1 Ad Hoc meeting, the remaining issues on CBG-based (re)transmission were discussed and down selection will be made in RAN1#90 among the following options [1][2].
· For the indicated number of CBGs per TB where “indicated” is realized by RRC, MAC, L1 signalling, the following options are considered for down-selection in RAN1#90.

Option 1. RRC signaling (for bit-field size)

Option 2. L1 signaling (for indication the number of CBGs per TB) + RRC signaling (for bit-field size)

Option 3. both Option 1 and Option 2

· To determine the number of CBG HARQ-ACK bits per TB, the following options are considered for down-selection in RAN1#90.

Option 1. A UE transmits HARQ-ACK bits only for scheduled CBGs.

· “scheduled CBGs” means the CBGs scheduled in a (re)transmission

Option 2. A UE transmits HARQ-ACK bits for indicated CBGs.

· FFS: “indicated” is realized by RRC, MAC, L1 signalling

Option 3. both Option 1 and Option 2 by configuration

Note: Option1 and Option2 are the basis for the scheme to determine the number of feedback bits. Overhead reduction schemes can be considered. The number of actually used feedback bits can be different from the number of scheduled CBGs (Option1) or indicated CBGs (Option2).

· For DL CBG-based (re)transmission, when information on which CBG(s) is/are (re)transmitted is configured to be included in the DCI, the following options are considered for down-selection in RAN#90.

Option 1. TB-level NDI is jointly encoded with the information on which CBG(s) is/are (re)transmitted

Option 2. There is separate 1-bit bit-field for TB-level NDI.

Option 3. TB-level NDI can be differently interpreted according to whether all CBGs of a TB is transmitted.

· When CBG-based retransmission is configured, TB-level HARQ-A/N is supported and at least following options can be considered for down-selection in RAN1#90.

Option 1. Add 1 bit upon CBG-level HARQ-ACK bits

Option 2. Use all NACK of CBG-level HARQ-ACK bits

Option 3. Use different PUCCH format or PUCCH resource

· For HARQ-ACK codebook for CBG-based retransmission, the following options are considered for down-selection in RAN1#90.

Option 1. Dynamic codebook determination for multiple PDSCHs

Option 2. Semi-static codebook determination for multiple PDSCHs

Option 3. both Option 1 and Option 2 by configuration
In this contribution, we discuss the down selection on the remaining issues for CBG-based (re)transmission.
2      Discussion

· Signalling for the indicated number of CBGs
For grouping CB(s) into CBG(s), with the indicated number of CBGs, the number of CBs in a CBG changes according to TBS. The number of CBGs can be indicated by RRC and/or L1 signalling. RRC signalling has relatively high reliability with long periodicity. For eMBB multiplexing with URLLC, the scheduler in the MAC layer performing resource allocation is not aware of CBGs. The CBGs may not be aligned with the resource preempted by URLLC. Therefore, RRC signalling may decrease CBG-mapping efficiency when the number of CBGs needs be more variable. L1 signalling can enable dynamic and flexible CBG configurations. As for the design of PDCCH, the L1 signalling overhead should be minimized. To avoid high complexity of UE blind decoding on PDCCH, the number of DCI formats should be minimized as well. However, considering CBG-based retransmission is transparent to the MAC layer, the achievable performance gain of L1 signalling is marginal. From our perspective, at least RRC signalling (for bit-field size) should be supported for the indicated number of CBGs per TB.

Proposal 1: For the indicated number of CBGs, at least option 1, i.e. RRC signalling (for bit-field size), should be supported.

· The number of CBG HARQ-ACK bits per TB
To determine the number of CBG HARQ-ACK bits per TB, option 1 that a UE transmits HARQ-ACK bits only for scheduled CBGs leads to a dynamic HARQ-ACK codebook size and reduces UCI overhead. Option 2 that the number of CBG HARQ-ACK bits per TB equals to the indicated CBGs (i.e., by RRC signalling) leads to semi-static HARQ-ACK codebook and higher PUCCH payload size. Since the benefit of option 1 depends on the number of maximum transmission CBGs, option 2 should be supported as baseline. Considering that some issues are still open and PUCCH overhead reduction may be needed later, option 1 can be FFS.
Proposal 2: To determine the number of CBG HARQ-ACK bits per TB, option 2 (a UE transmits HARQ-ACK bits for indicated CBGs) should be supported as baseline, while option 1 (a UE transmits HARQ-ACK bits only for scheduled CBGs) can be FFS.
· TB-level NDI
When TB-level NDI is jointly encoded with the information on which CBG(s) is/are (re)transmitted, 1-bit additional bit-field can be saved. However, DTX-to-ACK errors will cause the misunderstanding between gNB and UE. Therefore, a separate 1-bit bit-field for TB-level NDI seems a more reliable way and is more consistent with non-CBG based (re)transmissions.
Proposal 3: For DL CBG-based (re)transmission, when information on which CBG(s) is/are (re)transmitted is configured to be included in the DCI, option 2 (there is separate 1-bit bit-field for TB-level NDI) should be supported.
· TB-level HARQ-A/N
To support TB-level HARQ-A/N, adding 1 bit upon CBG-level HARQ-ACK bits is more robust and reliable. However, it may waste PUCCH resource for most cases. When CB-level CRC(s) are checked successfully but TB-level CRC fails, option 2 can use all NACK of CBG-level HARQ-ACK bits which will be regarded as TB-level NACK. The precondition of option 2 is that the number of CBG HARQ-ACK bits per TB equals to the indicated CBGs. If a UE transmits HARQ-ACK bits only for the scheduled CBGs, option 2 cannot deliver TB-level HARQ NACK based on all NACK of CBG-level HARQ-ACK bits. In this case, option 3, using different PUCCH format or PUCCH resource may provide more flexibility than option 2. However, blind detection among different PUCCH formats is needed. Thus, option 3 needs further study considering the tradeoff between flexibility and complexity.

Proposal 4: For CBG-based retransmission, option 2 (use all NACK of CBG-level HARQ-ACK bits) should be supported for TB-level HARQ A/N, while option 3 (use different PUCCH format or PUCCH resource) needs FFS.
3      Conclusions
In this contribution, we discuss open issues for CBG-based (re)transmission. We have following proposals:  
Proposal 1: For the indicated number of CBGs, at least option 1, i.e. RRC signalling (for bit-field size), should be supported.

Proposal 2: To determine the number of CBG HARQ-ACK bits per TB, option 2 (a UE transmits HARQ-ACK bits for indicated CBGs) should be supported as baseline, while option 1 (a UE transmits HARQ-ACK bits only for scheduled CBGs) can be FFS.
Proposal 3: For DL CBG-based (re)transmission, when information on which CBG(s) is/are (re)transmitted is configured to be included in the DCI, option 2 (there is separate 1-bit bit-field for TB-level NDI) should be supported.
Proposal 4: For CBG-based retransmission, option 2 (use all NACK of CBG-level HARQ-ACK bits) should be supported for TB-level HARQ A/N, while option 3 (use different PUCCH format or PUCCH resource) needs FFS.
4      References

[1] 3GPP TSG RAN1#89, “Chairman’s notes”, Hangzhou, P.R. China, 15th – 19th May 2017.
[2] R1-17xxxxx, “Summary of Email discussion on [NRAH2-08] Down-selection of CBG-based (re)transmission”, Samsung.

1

