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1. Introduction

The purpose of this document is to summarize possible proposals for the remaining issues on the CBG based retransmission, based on the contribution review and the offline discussion in RAN1#91 meeting. 

2. Remaining issues on CBG based retransmission
2.1. DCI composition 
· Sharing of same DCI field between MCS/TBS and CBGTI
Regarding DCI composition for the scheduling of CBG based retransmission, one key remaining issue is whether MCS/TBS and CBGTI share same field in the DCI according to the status of the scheduled PDSCH, e.g. whether whole TB or partial TB (in CBG level) is (re)transmitted via the PDSCH. On this issue, the preferences from the companies are summarized as below.

1) Alt 1: sharing of same DCI field between MCS/TBS and CBGTI

A. Proponents: Huawei, Fujitsu, Lenovo, LG, OPPO, Sony, Sharp, WILUS 
2) Alt 2: separation of DCI field between MCS/TBS and CBGTI

A. Proponents: vivo, CATT, Samsung, Panasonic, HTC, Ericsson, NTT, ZTE
The main motivation to support Alt 1 from its proponents is to reduce DCI overhead caused by large number of CBGTI bits configurable up to 8 bits. On the other hand, the main reason to support Alt 2 from its proponents is to avoid UE operation complexity or to make (subsequent) partial TB retransmission (in CBG level) itself decodable from the UE perspective, even before receiving initial whole TB transmission. Based on this observation, the following can be possible proposal on this issue.
	Possible Proposal 1: Down-select one of the following two alternatives for composition of the DCI for CBG based retransmission scheduling.

1) Alt 1: sharing of same DCI field between MCS/TBS and CBGTI 
2) Alt 2: separation of DCI field between MCS/TBS and CBGTI 


· Other issues related to the DCI for CBG retransmission
There are some other issues related to the DCI for CBG based retransmission in terms of the detailed usage/indication/signalling/mapping for the CBGTI and the CBGFI. The issues raised from the companies are summarized as below.

1) Issue 1: whether/how to define the usage of the all-zero CBGTI state, e.g. explicit indication of the TB level HARQ-ACK fallback (Huawei)

2) Issue 2: whether to support the CBG retransmission scheduling based on the HARQ-ACK reported by the UE without using explicit CBGTI field (Lenovo)

3) Issue 3: whether to support the compressed CBGTI scheme by mapping one CBGTI state to a set of CBGs (OPPO)

4) Issue 4: how to define the signalling of CBGFI value, e.g. between on/off manner and toggling manner (Samsung)
5) Issue 5: whether to support dynamic indication of the fallback to TB level HARQ-ACK feedback by the DCI (InterDigital)

6) Issue 6: whether/how to define the CBGTI value corresponding to the empty CBG index in case when the number of CBs is smaller than the configured number of CBGs (NTT)

On the above issues, some offline discussions seem to be necessary during this meeting to understand the proposals on those issues. In this sense, the following can be possible proposal.

	Possible Proposal 2: Discuss further on the following other issues related to the DCI for CBG retransmission by offline.

1) Issue 1: whether/how to define the usage of the all-zero CBGTI state

2) Issue 2: whether to support the HARQ-ACK based CBG retransmission scheduling

3) Issue 3: whether to support the compressed CBGTI scheme

4) Issue 4: how to define the signalling of CBGFI value 

5) Issue 5: whether to support DCI indication of TB level HARQ-ACK fallback 

6) Issue 6: whether/how to define the CBGTI value for the empty CBG index for small TBS


2.2. HARQ-ACK feedback 
· TB level HARQ-ACK in case with CBG configuration
Regarding the TB level HARQ-ACK fallback in case when CBG based retransmission is configured, there are some relevant issues including, 1) how to transmit the TB level HARQ-ACK in terms of UCI payload composition and PUCCH format/resource determination, 2) whether/how to support TB level HARQ-ACK fallback in case with HARQ-ACK multiplexing for multiple PDSCHs, 2) whether to define other cases to support TB level HARQ-ACK fallback on top of the case scheduled by the fallback DCI. On this issue, the views from the companies are summarized as below.

1) Issue 1: how to transmit the TB level HARQ-ACK for the PDSCH scheduled by the fallback DCI (in case without HARQ-ACK multiplexing) in terms of determining PUCCH format/resource 
A. PUCCH format 0/1 (for up to 2 UCI bits): ZTE, vivo, LG, Intel, Samsung, InterDigital, Sharp, Sony, Lenovo
B. Same PUCCH resource with the HARQ-ACK multiplexing case: Qualcomm

2) Issue 2: whether to support the TB level HARQ-ACK for the PDSCH scheduled by the fallback DCI in case with HARQ-ACK multiplexing (at least based on semi-static HARQ-ACK codebook)
A. Proponents: Huawei, ZTE, CATT, InterDigital, CMCC, NTT, LG, Lenovo
B. Opponents: Samsung, HTC

3) Issue 3: whether to define other cases to support the TB level HARQ-ACK fallback (on top of the PDSCH scheduled by the fallback DCI)

A. ACK (or NACK) for all the CBGs: ZTE, InterDigital, Sharp

Considering to reduce UL control overhead by fallback to TB level HARQ-ACK feedback and to follow the note in the previous agreement as “Note: this means that fallback DCI does not support CBG level HARQ-ACK feedback”, and considering the majority view, the followings can be possible proposals on the above issues.
	Possible Proposal 3: The followings are agreed to support TB level HARQ-ACK feedback for the PDSCH scheduled by the fallback DCI in case configured with CBG based retransmission.

1) PUCCH format 0/1 (designed for up to 2 UCI bits) is used to transmit TB level HARQ-ACK feedback in case without HARQ-ACK multiplexing.

2) TB level HARQ-ACK is supported in case with HARQ-ACK multiplexing for multiple PDSCHs based on semi-static HARQ-ACK codebook.
A. FFS on the details (e.g. HARQ-ACK bit mapping)
3) Discuss further on other cases to support TB level HARQ-ACK fallback (on top of the case scheduled by the fallback DCI) by offline.


· HARQ-ACK feedback only for the scheduled CBGs
On supporting of the HARQ-ACK feedback only for the scheduled CBGs (op top of the HARQ-ACK feedback based on the configured number of CBGs), a few companies provide their views in the contribution as summarized below.
1) Issue: whether to support the HARQ-ACK feedback only for the scheduled CBGs

A. Proponents: Lenovo, LG, InterDigital

B. Opponents: Samsung

Based on the observation from some companies’ contributions (and the email discussion), this issue seems to be tightly associated with how to design dynamic HARQ-ACK codebook for NR. To be specific, this scheduled CBG based HARQ-ACK scheme could be cooperated with CBG level DAI signalling. In this sense, the following can be possible proposal. 
	Possible Proposal 4: Whether to support the HARQ-ACK feedback only for the scheduled CBGs (in case of using dynamic HARQ-ACK codebook) is to be discussed/decided under the agenda for overall HARQ-ACK codebook design. 


· HARQ-ACK bundling in case with CBG configuration
On the HARQ-ACK bundling in case when CBG based retransmission is configured, three types of bundling scheme can be considered as, 1) HARQ-ACK bundling across the CBGs within a TB, 2) spatial domain HARQ-ACK bundling (across TBs within a PDSCH) per CBG index, 3) HARQ-ACK bundling across the CBGs in multiple different slots. On this issue, the preferences from the companies (at least for semi-static HARQ-ACK bundling) are summarized as below.

1) Opt 1: HARQ-ACK bundling across the CBGs within a TB
A. Proponents: LG, Sharp, Lenovo
2) Opt 2: spatial domain HARQ-ACK bundling (across TBs within a PDSCH) per CBG index
A. Proponents: vivo, LG, Samsung, Sharp, Ericsson, NTT, Sony
3) Opt 3: HARQ-ACK bundling across the CBGs in multiple slots
A. Proponents: LG, Samsung
According to the companies’ views on HARQ-ACK bundling itself, two approaches are to be considered as 1) semi-static configuration of HARQ-ACK bundling in case of UL coverage limitation, 2) dynamic application of HARQ-ACK bundling in case of PUCCH payload limitation. Based on the companies’ contributions, Opt 2 needs to be supported as the semi-static HARQ-ACK bundling configuration while Opt 1 or Opt 3 needs to be supported for the dynamic HARQ-ACK bundling operation. Considering that only semi-static configuration of (spatial domain) HARQ-ACK bundling was agreed so far, the following can be possible proposal on this issue.
	Possible Proposal 5: The followings are agreed to support the HARQ-ACK bundling in case configured with CBG based retransmission.

1) Spatial domain HARQ-ACK bundling (across TBs within a PDSCH) per CBG index is supported based on semi-static configuration.

A. FFS on the details (e.g. HARQ-ACK mapping for each CBG index)

B. FFS whether to support this bundling operation by dynamic manner

2) Discuss further on other types of HARQ-ACK bundling (e.g. bundling across the CBGs within a TB or bundling across the CBGs in multiple slots) by offline.


· HARQ-ACK scheme considering CBG configuration
With consideration of potential UL control overhead increase to support CBG level HARQ-ACK feedback, the companies provide their views on, especially, dynamic HARQ-ACK codebook and some companies propose efficient HARQ-ACK feedback, in case with CBG configuration. The views from the companies are summarized as below.

1) Issue 1: DAI signalling for dynamic HARQ-ACK codebook in case with CBG configuration
A. CBG level: Intel, Samsung, Panasonic, CMCC, NTT, LG
B. TB level: CATT

2) Issue 2: HARQ-ACK scheme based on combination of TB level and CBG level HARQ-ACK
A. Proponents: ZTE, Qualcomm, AT&T
Similarly with the above issue as “HARQ-ACK feedback only for the scheduled CBGs”, the issues in here seems to be tightly associated with the overall dynamic HARQ-ACK codebook design including the case with CBG configuration. In this sense, the following can be possible proposal.
	Possible Proposal 6: The followings are to be discussed/decided under the agenda for overall HARQ-ACK codebook design. 

1) How to design the DAI signalling for dynamic HARQ-ACK codebook in case with CBG configuration

2) Whether to support HARQ-ACK scheme based on combination of TB level and CBG level HARQ-ACK


2.3. Other issues 

There are some other issues on CBG based retransmission (on other than DCI composition and HARQ-ACK feedback) as below. 
1) Issue 1: whether to make the operations related to CBG based retransmission transparent to the MAC specification (Samsung)

2) Issue 2: whether to allow redistribution of (number of) the CBGs between two CWs during the retransmission (Qualcomm)
On the above issues, some offline discussions seem to be necessary during this meeting to understand the proposals on those issues. In this sense, the following can be possible proposal.

	Possible Proposal 7: Discuss further on the following other issues on CBG based retransmission by offline.

1) Issue 1: whether to make the operations related to CBG based retransmission transparent to the MAC specification 

2) Issue 2: whether to allow redistribution of (number of) the CBGs between two CWs during the retransmission 
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4. Agreements
	Agreements:

· At least for single CW case, at least support that the maximum number of CBGs per TB is indicated by RRC signaling

· FFS whether also support to indicate the number of CBGs per TB by L1 signaling

Agreements:

· For DL CBG-based (re)transmission,

· Following information can be separately 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

Agreements:
· At least for single CW case

· The maximum number N of CBG(s) per TB is configured by RRC signaling

· The number M of CBG(s) in the TB equals to min(C, N), where C is the number of CB(s) within the TB.

· For CBG construction

· The first Mod(C,M) CBG(s) out of total M CBG(s) include ceil(C/M) CB(s) per CBG 

· The remaining M-Mod(C,M) CBG(s) include floor(C/M) CB(s) per CBG. 

Agreements:

· Confirm the working assumption that, for initial transmission and retransmission, each CBG of a TB has the same set of CB(s).

Agreements:
· For multiple CW cases, the following can be considered.

· Option 1. The gNB configures the maximum number of CBGs per TB.

· Each TB has the same maximum number of CBGs.

· Option 2. The gNB configures the maximum number of CBGs per TB.

· Each TB can be configured with different/same maximum number of CBGs.

· Note: the gNB configures two parameters on the maximum number of CBGs per TB to the UE.

· Option 3. The gNB configures the maximum number of CBGs to be shared by both CWs. 

· FFS: How to divide the total number of CBGs to two CWs

Agreements:
· For the purpose of further discussion, we conclude following:

· For the following discussion on CBG-based retransmission, define the terms CBGTI and CBGFI as below. 
· CBGTI (CBG transmission information) means information on which CBG(s) is/are (re)transmitted and, 
· CBGFI (CBG flushing out information) means information on which CBG(s) is/are handled differently for soft-buffer/HARQ combining

· At least following is supported for DL CBG-based (re)transmission.

· A DCI includes both CBGTI and CBGFI.
· For single CW case, when N is the maximum number of CBGs configured by RRC
· N bits for CBGTI, and the other 1 bit for CBGFI
· FFS: whether re-interpret NDI as CBGFI

· FFS: whether CBGTI is re-interpreted as NDI 

· FFS: whether jointly using other field as CBGTI or CBGFI

· FFS on multiple CW case.
· At least following is supported for DL and UL CBG-based (re)transmission.

· A DCI includes CBGTI.
· For single CW case, N bits for CBGTI as configured by RRC
· FFS: whether CBGTI is re-interpreted as NDI 

· FFS: whether NDI is re-interpreted as CBGTI

· FFS: whether jointly using other field as CBGTI

· FFS on multiple CW case
Agreements:

· For single CW case with CBG based retransmission for the semi-static codebook with HARQ-ACK multiplexing, at least following is supported for the HARQ-ACK composition and mapping per TB

· HARQ-ACK codebook includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s))
· At least followings are supported
· HARQ-ACK payload size is the same with the configured number of CBGs

· Each HARQ-ACK bit corresponds to each CBG
· FFS payload size reduction

· ACK is reported for a CBG if the same CBG has been successfully decoded

· FFS how to handle the case if TB CRC check is not passed while CB CRC check is passed for all the CBs
Agreements:

· For a UE configured with CBG-based (re)transmission, the same DCI payload size is assumed for initial transmission and retransmission for the same TB(s)
· Note that this does not intend to address fallback DCI aspect
· L1 signalling to indicate the number of CBGs per TB is not supported in Rel-15
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:

· For the case when the semi-static HARQ-ACK codebook with HARQ-ACK multiplexing which includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s)) is used,

· NACK is reported for all the CBGs if TB CRC check is not passed while CB CRC check is passed for all the CBs

· NACK is mapped for the empty CBG index if the number of CBs for a TB is smaller than the configured maximum number of CBGs

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.


