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1. Introduction & Background
In RAN1#90 meeting and RAN1 NR AH#03, CB-group (CBG) based (re)transmission was discussed and following agreements were achieved in [1,2].
	Agreements:
· 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
RAN1 NR AH#03

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 doe not intend to address fallback DCI aspect

· L1 signalling to indicate the number of CBGs per TB is not supported in Rel-15




In this contribution, we share our view on the remaining issues of CBG based (re)transmission. This contribution is revised from R1-1715644. 
2. Discussion
DCI for CBG based retransmission

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 for avoiding extra blind decoding at UE. 

In [1], RAN1 agreed that for CBG-based (re)transmission CBGTI should be included in DCI to indicate which CBG(s) is/are (re)transmitted. For a UE configured with CBG-based (re)transmission, there are following combinations of transmissions. 

· Option 1: TB level initial transmission + TB level retransmission

· Option 2: TB level initial transmission + CBG level retransmission

· Option 3: CBG level initial transmission + TB level retransmission

· Option 4: CBG level initial transmission + CBG level retransmission

For option 1 and option 4, the same DCI format may be used while for option 2 & 3, different DCI formats may be used. 

If the same DCI format is used for initial transmission and retransmission, CBGTI will be included in DCI for scheduling an initial transmission of a TB when CBG level transmission is used for either initial transmission and retransmission. Since for an initial transmission, gNB will transmit the whole TB, it is more like a TB-level transmission instead of CBG level transmission. Therefore, CBGTI is not necessary to be included in the DCI scheduling initial transmission, otherwise DCI size would be larger due to the unused CBGTI field included. 

If different DCI formats are used for initial transmission and retransmission, it means CBGTI can be included only in DCI for scheduling CBG level (re)transmission. If an initial transmission is scheduled by DCI for TB level transmission, CBGTI field will not be included, which can save the signaling overhead in DCI. To keep the same payload size of DCIs, the existing field in DCI can be used as CBGTI field. Some companies proposed that MCS/TBS field can be reinterpreting as (partial) CBGTI field. For example, a complete MCS/TBS field is included in DCI scheduling initial transmission while only modulation order is indicated in DCI scheduling retransmission, because TBS is already informed to UE. 
There is an issue when a DCI without CBGTI field for scheduling TB level initial transmission is missed at UE. In such case, UE cannot acquire TBS even if DCI including CBGTI field for scheduling CBG level retransmission is received. Therefore, if gNB detects that DTX of DCI scheduling TB level initial transmission occurs at UE side, gNB needs to transmit a DCI for scheduling TB level transmission of the same TB, e.g. without toggling NDI field. 
Proposal 1: For a UE configured with CBG-based (re)transmission, 
· A (re)transmission can be scheduled by a DCI of TB level transmission, in which CBGTI is not indicated.

· A retransmission can be scheduled by a DCI of CBG level transmission, in which CBGTI is indicated and MCS/TBS field is reinterpreted as (partial) CBGTI. 

NDI in DCI
As discussed above, to avoid error case for DTX of initial scheduling DCI, it is important to indicate the same TB is re-scheduled by a retransmission DCI. Therefore, separate NDI field should be present in DCI regardless of whether CBGTI is included or not. Similar to LTE, NDI is toggling based and is useful to correct error case, e.g. to solve the DTX of initial scheduling DCI but receiving a retransmission scheduling DCI. In NR, similar functionality is also needed to solve the same problem since it is inevitable. 

Proposal 2: A separate NDI field is supported in DCI regardless of whether CBGTI is included.

CBGFI
CBGFI is useful when there exists preemption if preemption indication is not configured. Combining usage of CBGTI indicating which CBG(s) is retransmitting, CBGFI is used to indicate UE the corresponding CBG(s) is preempted in the previous transmission. After receiving a DCI including CBGFI, the expected UE behavior is to flush the corrupted soft-bits in the soft buffer. 

As proposed in [1], for single CW case, it is FFS whether CBGFI can be interpreted by NDI. If NDI is reinterpreted as CBGFI, there could be error cases when NACK-to-DTX or NACK-to-ACK happen if preemption exists. However, NACK-to-ACK is not only the error case of NDI reinterpreting CBGFI but also of other use cases. In LTE, NACK-to-ACK can only be solved by higher layer retransmission, thus the same mechanism is needed for NR. Besides, the probability of error case is low especially when CBG-based HARQ-ACK can be protected by CRC. Therefore, we prefer NDI is reinterpreted as CBGFI. For multiple CW case, reinterpreting NDI as CBGFI is still valid since NDI field is present per TB.

Proposal 3: For single CW or multiple CW cases, NDI is reinterpreted as CBGFI.

Proposal 4: After receiving a DCI including CBGFI, the expected UE behaviour is to flush the corrupted soft-bits in the soft buffer.
HARQ-ACK for CBG

When a UE is configured with CBG-based (re)transmission, it is necessary to support TB level A/N in addition to CBG level A/N, because there could be some cases that scheduling CBG level (re)transmission may not be efficient. For example, when CRC checks for all CBs successful while CRC check for TB is failed, gNB has no information about which CBG was not correctly decoded or where false alarm happened. Therefore, the whole TB should be retransmitted again. Another case is when the active BWP is changed, for example, switching from an active BWP to the default BWP. In such case, there may be uncertainty for a UE that is scheduled because DCI for CBG transmission may be different. 
For a UE configured with CBG-based (re)transmission, it is the simplest method to use all ACK or NACK corresponding to all CBGs to indicate TB level A/N. In this sense, for handling of TB CRC check failure case, all CBGs are reported as NACK to indicate TB level NACK. When to use TB level A/N can be triggered explicitly by receiving a fallback DCI, or implicitly e.g. by TB CRC check failure.
Proposal 5: For a UE configured with CBG-based (re)transmission, use all ACK or NACK corresponding to all CBGs to indicate TB level A/N is supported.

Proposal 6: When to use TB level A/N can be triggered explicitly by receiving a fallback DCI, or implicitly e.g. by TB CRC check failure.
Number of CBGs for multiple CW case
For single CW case, the number of CBGs for a TB is configured by RRC. While for multiple CW case, there are three options of CBG configuration for multiple-TB transmission proposed in RAN1#90:

· 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

Option 1 has a common functionality as single CW case, which is reasonable. For option 2, there is flexibility of configuration for number of CBGs per TB. However, the benefit of configuration of different number of CBGs across TBs is not clear. For option 3, a division of total number of CBGs among multiple TBs is needed. There is an issue when one TB needs to be retransmitted while the other has been correctly decoded. In such case, a new TB will be transmitted. However, according to [RAN1 #90], for initial transmission and retransmission, each CBG of a TB has the same set of CB(s). In this sense, the total number of CBGs remains the same as long as there is one TB needed to be retransmitted. Therefore, for a TB carrying new data, number of CBGs is kept the same as the previous the transmission. It results in limitation on scheduling and inefficient grouping of CBs.

Proposal 7: For multiple CW case, the maximum number of CBGs per TB is configured by gNB and each TB has the same maximum number of CBGs.
3. Conclusion
In this document, we discuss the remaining issues for CBG-based (re)transmission. The proposals are summarized as follows:
Proposal 1: For a UE configured with CBG-based (re)transmission, 
· A (re)transmission can be scheduled by a DCI of TB level transmission, in which CBGTI is not indicated.

· A retransmission can be scheduled by a DCI of CBG level transmission, in which CBGTI is indicated and MCS/TBS field is reinterpreted as (partial) CBGTI.
Proposal 2: A separate NDI field is supported in DCI regardless of whether CBGTI is included.
Proposal 3: For single CW or multiple CW cases, NDI is reinterpreted as CBGFI.
Proposal 4: After receiving a DCI including CBGFI, the expected UE behaviour is to flush the corrupted soft-bits in the soft buffer.
Proposal 5: For a UE configured with CBG-based (re)transmission, use all ACK or NACK corresponding to all CBGs to indicate TB level A/N is supported.
Proposal 6: When to use TB level A/N can be triggered explicitly by receiving a fallback DCI, or implicitly e.g. by TB CRC check failure.
Proposal 7: For multiple CW case, the maximum number of CBGs per TB is configured by gNB and each TB has the same maximum number of CBGs.
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