
3GPP TSG RAN WG1 Meeting 91                                                
                       R1-1719795
Reno, USA, November 27th – December 1st, 2017
Source:
vivo

Title:
Remaining issues on CBG-based (re)transmission
Agenda Item:
7.3.3.3
Document for:
Discussion and Decision
1. Introduction & Background
In RAN1#90bis meeting, CB-group (CBG) based (re)transmission was discussed and following agreements were achieved in [1].
	RAN1 #90bis
Agreements:

· In single CW configuration, the maximum configurable number of CBGs per TB is 8

· The possible max number of CBGs per TB is 2, 4, 6, 8

· In multiple CW configuration, the maximum configurable number of CBGs per TB is 4

· In multiple CW configuration, the configured maximum number of CBGs per TB is the same between TBs 
Agreements:

· When UE is configured with CBG based retransmission, for the PDSCH scheduled by PDCCH using fallback DCI, TB level HARQ-ACK feedback is used at least for the case without HARQ-ACK multiplexing
· FFS whether this operation is applied even for the case with HARQ-ACK multiplexing
· Note: this means that fallback DCI does not support CBG level HARQ-ACK feedback
Agreements:
· In case configured with CBG based retransmission, CBGTI, CBGFI, and NDI are separately indicated in the same DCI.
· In case with CBG based retransmission and multiple CW configuration, single CBGFI is indicated in DCI and commonly applied for both two TBs.
· Discuss further on the detailed DCI composition for CBG based retransmission such as reinterpretation of MCS/TBS field to CBGTI.
· Discuss further on the detailed HARQ-ACK feedback with CBG in terms of TB level HARQ-ACK, HARQ-ACK bundling, HARQ-ACK composition, with consideration of overall HARQ-ACK codebook design.
· Compressed CBG level HARQ-ACK feedback scheme except for HARQ-ACK bundling is not supported in Rel-15.
· No additional CB grouping method is introduced in Rel-15.



In this contribution, we share our view on the remaining issues of CBG based (re)transmission. This contribution is revised from R1-1717499.
2. Discussion
2.1. DCI for CBG based retransmission
· Number of bits of CBGTI/CBGFI for CBG based retransmission

According to agreements made in RAN1 #90bis, the maximum configurable CBG number for single CW or multiple CW cases are different. Therefore, the maximum number of CBG should be configured depending on the configuration of maximum number of CW. In the RRC configuration, a parameter defining the maximum number of CWs supported in DCI is configured. If up to 2 CWs are configured, number of bits of MCS/RV/NDI fields in DCI will be changed compared to single CW case. Regarding the configuration of number of CBGs per TB, when a UE is configured with MCW while is scheduled with single SCW, e.g. layer <= 4, number of bits of CBGs per TB in DCI are up to 4, depending on the RRC configuration. Therefore, bits of CBGTI/CBGFI fields in DCI will be changed according to the configured number of CBG. This is similar to the case of DCI format 2 in LTE where two MCS fields for two TBs are reserved regardless of single TB or dual TBs are scheduled.

· CBGTI in DCI
As agreed, DCI payload size has to be kept the same for initial transmission and retransmission for the same TB(s) when a UE is configured with CBG-based (re)transmission. It means that whether the same/different DCI formats are used for initial transmission and retransmission, the DCI size should be the same. This is beneficial since it can avoid introducing extra blind decoding at UE. 

During the previous discussions, some companies proposed that MCS/TBS field can be reinterpreting as (partial) CBGTI field. For example, partial bits of MCS/TBS fields in DCI can be reinterpreted as CBGTI. In the DCI scheduling initial transmission, a complete MCS/TBS field is included, while only modulation order is indicated in DCI scheduling retransmission. This puts limitation on the scheduled MCS of retransmission, which also restricts the scheduling flexibility for retransmission. Besides, one UE may miss the DCI for scheduling initial transmission. In such case, if gNB transmits the DCI scheduling a retransmission, UE cannot acquire TBS since the DCI only includes partial MCS/TBS field. 
In general, the purpose of CBG based retransmission for a UE is to improve the resource utilization of retransmission, while at the same time the cost of signaling overhead is tolerant. If signaling overhead is concerned, it is better to configure TB based transmission or a smaller number of CBGs for a UE.
Proposal 1: reinterpretation of existing fields, e.g. MCS to CBGTI is not supported.
2.2. HARQ-ACK for CBG
· TB level HARQ-ACK for CBG

As agreed, TB level HARQ-ACK feedback is supported for the PDSCH scheduled by fallback DCI for the case without HARQ-ACK multiplexing. It is useful to avoid ambiguity e.g. during RRC reconfiguration. Therefore, for a UE configured with CBG transmission, both TB level HARQ-ACK and CBG level HARQ-ACK feedback need to be supported. The remaining issue is how to support TB level HARQ-ACK for a UE configured with CBG based transmission. During the previous discussions, there are two different options to support TB level HARQ-ACK feedback in terms of HARQ-ACK payload composition and PUCCH resource allocation:
· Alt 1: generate 1-bit bundled A/N per TB, then transmit PUCCH format supporting small UCI payload which can be different from the PUCCH format/resource conveying multi-bit CBG-level A/N per TB

· Alt 2: generate bundled A/N per TB, then transmit using the same PUCCH format used for conveying multi-bit CBG-level A/N per TB 

For alt. 1, there are two PUCCH formats/resources configured for a UE with CBG based transmission. One is for small UCI payload for TB level HARQ-ACK while the other is for larger UCI payload for CBG level HARQ-ACK. Therefore, the PUCCH formats or resources for TB-level HARQ feedback and CBG level HARQ-ACK feedback are different. It is beneficial for decoding performance of TB level HARQ-ACK with small payload PUCCH format/resource since sequence selection is used for PUCCH with up to 2-bits. In this case, gNB needs to monitor both PUCCH formats/resources for small and large payload. However, it will not increase too much blind decoding complexity at gNB since gNB is aware of on which PUCCH format/resource UE will transmit the A/N.

For alt. 2, one PUCCH format/resource with large payload for CBG level HARQ-ACK is configured. When TB level HARQ-ACK is required, the same PUCCH format/resource is used. Since TB level HARQ-ACK has small payload, padding is needed to fit into the large payload PUCCH format/resource, which would reduce the coding gain for HARQ-ACK.

For the case without HARQ-ACK multiplexing, PUCCH with 1-2 bit payload is sufficient for TB-level HARQ-ACK feedback while PUCCH with more than 2 bit payload needs to be used for CBG level HARQ-ACK feedback. Regarding the case with HARQ-ACK multiplexing, for a UE configured with CBG based transmission, TB level HARQ-ACK feedback is similar to the case that a UE is configured with only TB based transmission with HARQ-ACK multiplexing. The similar solution can be adopted.

Proposal 2: For a UE configured with CBG based transmission, TB-level HARQ-ACK feedback is supported by using PUCCH format or resource with up to 2 bits payload.

· HARQ-ACK bundling in case with CBG configuration 

During the email discussion, it was agreed that compressed CBG level HARQ-ACK feedback scheme except for HARQ-ACK bundling is not supported in Rel-15. To be specific, semi-static CBG-level HARQ-ACK codebook is used for the case with and without HARQ-ACK multiplexing. 
In case of HARQ-ACK multiplexing with CBG configuration, the total payload size of HARQ-ACK bits may exceed the maximum payload size of a PUCCH resource. Therefore, following options for HARQ-ACK bundling for the case with CBG configuration are proposed.

· Opt 1: HARQ-ACK bundling for the CBGs within a TB

· Opt 2: HARQ-ACK bundling for the CBGs across TBs

· Opt 3: HARQ-ACK bundling for the CBGs across slots

Option 1 can be realized by configuring TB based transmission since it is contradicted to CBG based transmission. Option 2 is similar to spatial HARQ-ACK bundling with CBG configuration. Option 2 can be considered. Opt. 3 is not preferred since it may introduce performance loss. Details of HARQ-ACK codebook design can refer to our companion contribution [2].
Proposal 3: For the case of dynamic HARQ-ACK codebook with CBG configuration, HARQ bundling across TBs can be considered.
3. Conclusion
In this document, we discuss the remaining issues for CBG-based (re)transmission. The proposals are summarized as follows:
Proposal 1: reinterpretation of existing fields, e.g. MCS to CBGTI is not supported.
Proposal 2: For a UE configured with CBG based transmission, TB-level HARQ-ACK feedback is supported by using PUCCH format or resource with up to 2 bits payload.
Proposal 3: For the case of dynamic HARQ-ACK codebook with CBG configuration, HARQ bundling across TBs can be considered.
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