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1. Introduction
In RAN1#89, the following agreements related to CBG-based feedback and retransmission were made [1]:
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In RAN1#90, the following agreements related to CBG-based feedback and retransmission were made [2]:
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In RAN1 NR Adhoc #3, the following agreements related to CBG-based feedback and retransmission were made [3]:
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In RAN1# 90bis, the following agreements were made [4]:
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Based on the above agreements, this contribution discusses the detailed DCI composition for CBG based retransmission such as reinterpretation of MCS/TBS field to CBGTI. Our opinion on reinterpretation of MCS/TBS field to CBGTI is given. 
2. CBGTI and MCS in DCI
It was agreed that CBGTI (CBG transmission information), CBGFI (CBG flushing out information) and NDI (new data indicator) are separately indicated in the same DCI. Two types of DCI, for scheduling CBG-based (re)transmission and TB-based (re)transmission respectively, are designed as shown in Fig. 1. Here, TB-based (re)transmission means one UE was configured with CBG-based (re)transmission model but needs to fallback to TB-based (re)transmission, such as the case when NACK is reported for all the CBGs. 
To distinguish the two DCIs, a one bit of Flag signal is included in the DCI, which is used to indicate whether it is for CBG-based (re)transmission or TB-based (re)transmission. 
Proposal 1: The DCI for CBG-based (re)transmission and DCI for TB-based (re)transmission are two different DCIs with the same size. A 1-bit TB/CBG-flag is included in these two DCIs to distinguish whether it is a DCI for CBG-based (re)transmission or a DCI for TB-based (re)transmission.
When the configured maximum number of CBGs per TB is larger than 4, the DCI overhead increases significantly. The problem of this large signaling overhead should be studied in RAN1. One feasible method for designing the CBGTI field is to reduce the DCI size by reusing some existing fields, such as the MCS/TBS field.

Fig. 1.  DCI for CBG-based (re)transmission 


Fig. 2.  DCI for TB-based (re)transmission 
To reduce the signaling overhead associated with CBG-based transmission, we show that reusing the same MCS information fields in the DCI for both the cases of TB-based (re)transmission and CBG-based (re)transmission is a feasible method. As shown in Fig.1, of a total of N bits for CBGTI, k bits of the MCS/TBS are used for the same purpose as the CBGTI. 
For example, if the configured maximum number of CBGs  is 3, it needs 3 bits of CBGTI. If the MCS is with 5 bits (used by LTE), 3 bits can be reused as CBGTI and other 2 bits are reserved to indicate modulation/coding scheme. For example, 2 bits are used to indicate one of modulation schemes from QPSK, 16 QAM, 64 QAM, 256 QAM. For CBG-based re-transmission, the TBS indication is not required since it can be derived from the DCI delivered in the most recent PDCCH containing the whole TB for the same HARQ process.
Table 1: one example of MCS and CBGTI in DCI
	Content
	MCS bits re-interpreted as CBGTI
	Reserved MCS bits 

	Number of bits
	3 bits
	2bits


Proposal 2: For DCI of CBG-based (re)transmission, some of MCS/TBS bits are re-interpreted as CBGTI.

3. Conclusion
In this contribution, the DCI design related to CBGTI and MCS/TBS were discussed. The following observations and proposals are given:
Proposal 1: The DCI for CBG-based (re)transmission and DCI for TB-based (re)transmission are two separate DCI with same size. 1-bit TB/CBG-flag is included in these two DCIs to distinguish whether it is DCI for CBG-based (re)transmission or DCI for TB-based (re)transmission.
Proposal 2: For DCI of CBG-based (re)transmission, some of the MCS/TBS bits are re-interpreted as CBGTI.
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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 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.








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








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








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








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 


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


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





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.
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