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1 Introduction
In RAN1 #90bis, CBG-based transmission was discussed with following agreements:

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 
During RAN1 #90bis email discussion ([90b-NR-32] Email discussion on CBG based retransmission), the following agreements were approved for CBG-based (re)transmission:

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 show our views on the detailed DCI composition for CGB-based retransmission.
2 DCI composition
When the maximum number of CBGs is up to 8 bits, how to indicate CBGTI with low DCI overhead should be considered.
For initial transmission, CBG-based transmission leads to unnecessary latency. If some symbols/REs in one slot need to be reserved, gNB should schedule short PDSCHs, which do not map to the reserved resources, instead of a PDSCH with partial CBGs. In the other words, the whole TB should be transmitted in initial transmission. Therefore, CBGTI is unnecessary for initial transmission. On the other hand, the gNB schedules CBG-based retransmission for one TB, based on the ACK/NACK has been transmitted on proper resource indicated by DCI. This means at least the DL grant for the initial transmission has been correctly received, hence TBS is known by the UE. Therefore, the indication of TBS in the DCI for CBG-base retransmission is not necessary.
Observation 1: The whole TB should be transmitted in initial transmission.
Observation 2: CBGTI is unnecessary for initial transmission.
Observation 3: TBS indication in DCI is unnecessary for retransmission.

In RAN1 #90bis, it was agreed that “For NR PDSCH MCS table, support two separate 5 bit tables for 64QAM and 256QAM”,i.e. 5-bit MCS/TBS field is indicated for each CW. Based on the above observations, we propose that MCS/TBS field in DL grant for retransmission should be reinterpreted as CBGTI.
Specifically, during the retransmission, 2 bits in MCS/TBS field are used to indicate modulation scheme, as shown in table 1, and the other 3 bits in MCS/TBS field are used to indicate CBGTI per TB. The following two indication methods of CBGTI can be considered:
· Option 1: Bitmap. 
· When the maximum number of CBGs per TB is not more than 3, up to 3 bits in MCS/TBS field are used as CBGTI for one TB.
· When the maximum number of CBGs per TB is more than 3, 3 bits in MCS/TBS field and additional 
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 bits are jointly used as CBGTI for one TB, where M is the maximum number of CBGs per TB.
· Option 2: Compressed indication. 
· Case 1: When the maximum number of CBGs per TB is not more than 3, up to 3 bits in MCS/TBS field is used as CBGTI by bitmap.
· Case 2: When the maximum number of CBGs per TB is 4, 3 bits in MCS/TBS field indicate up to 8 CBG sets. Two examples of CBG sets are shown in Table 2. 
· Case 3: When the maximum number of CBGs per TB is 6, 3 bits in MCS/TBS field are used as CBGTI for the first 4 CBGs (as case 2), and additional 2 are used as CBGTI for the last 2 CBGs by bitmap.
· Case 4: When the maximum number of CBGs per TB is 8, 3 bits in MCS/TBS field are used as CBGTI for the first 4 CBGs (as case 2), and additional 3 bits are used as CBGTI for the last 4 CBGs (as case 2).
Table 1: Modulation for retransmission

	2-bit to indicate modulation
	Modulation

	0, 0
	QPSK

	0, 1
	16QAM

	1, 0
	64QAM

	1, 1
	256QAM


Table 2: Compressed indication of CBGTI
	3-bit to indicate CBGs
	CBG sets

	
	Example 1
	Example 2

	000
	#1
	#1, #2, #3, #4

	001
	#2
	#1, #2, #3

	010
	#3
	#1, #2

	011
	#4
	#1

	100
	#1, #2 
	#2, #3, #4

	101
	#2, #3
	#2, #3

	110
	#3, #4
	#2

	111
	#1, #2, #3, #4
	#3, #4


Table 3: Overhead for CBGTI indication 
	The maximum number of CBGs
	1 CW
	2 CWs

	
	2
	4
	6
	8
	2
	4

	Dedicated CBGTI
	2 bits
	4 bits
	6 bits
	8 bits
	4 bits
	8 bits

	Reinterpretation of MCS/TBS
	Option 1 
	0 bits
	1 bits
	3 bits
	5 bits
	0 bits
	2 bits

	
	Option 2 
	0 bits
	0 bits
	2 bits
	3 bits
	0 bits
	0 bits


The overhead comparisons between dedicated CBGTI and reinterpretation of MCS/TBS field as CBGTI are shown in Table 3. It can be seen the DCI overhead can be significantly reduced by the later method, especially for 2-CW transmission mode.

Proposal 1: For CBG based retransmission, 5-bit MCS/TBS field is reinterpreted as:

· 2 bits indicate the modulation scheme, and
· 3 bits indicate CBGTI.
To support the reinterpretation of MCS/TBS field to CBGTI, the key issue is that UE should exactly know whether the MCS/TBS field in current DCI is reinterpreted as CBGTI, or UE should exactly know whether the current transmission is initial transmission or retransmission. In order to avoid the ambiguity caused by missing of DL grant for initial transmission, the following approaches can be considered:

· Approach 1: Besides 1-bit NDI, one explicit bit indicates whether the MCS/TBS field is reinterpreted as CBGTI.
· Approach 2: 2-bit NDI counts the total number of transmissions for one TB.
The overheads of above two approaches are same. Since approach 2 can provide some additional information about the number of transmissions for one TB, we slightly prefer approach 2.
3 Conclusions
In this contribution, we show our views on the design of CGB-based (re)transmission with following proposal:
Proposal 1: For CBG based retransmission, 5-bit MCS/TBS field is reinterpreted as:

· 2 bits indicate the modulation scheme, and
· 3 bits indicate CBGTI.
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