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1 Introduction
In RAN1#90, CBG-based transmission was discussed with following agreements:
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
In RAN1 NR#3, the following agreements on the design of DCI for CBG-based transmission were approved:
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

In this contribution, we show our views on the design of CGB-based (re)transmission.
Note: This contribution is revised from R1-1715684.
2 CBG configuration for multiple-TB transmission
Three options of CBG configuration for multiple-TB transmission were 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

For option 3, additional design of CBG grouping between two CWs will be specified, and inappropriate grouping or scheduling limitation may exist. Assuming the maximum number of CBGs is 8. For the first transmission, the number of CBs in TB 1 is much more than TB 2. Therefore, TB 1 is divided into 5 CBGs, and TB 2 is divided into 3 CBGs, as shown in Figure 1. 
· For the first transmission, TB 2 is correctly decoded, and CBG #2 in TB 1 needs to be retransmitted.
· For the second transmission, 
· gNB: 5-bit CBGTI is indicated for TB 1, and then new data can be transmitted on TB 2 which is limited to be divided into 3 CBGs, no matter how many CBs are contained in TB 2. 

· UE: CBG #2 and #3 in TB 2 need to be retransmitted.

· For the third transmission,
· gNB: 3-bit CBGTI is indicated for TB 3, and then new data can be transmitted on TB 1 which is limited to be divided into 5 CBGs. 

In the other word, if only one of two TBs is correctly decoded, inappropriate grouping or scheduling limitation may exit in the next transmission. 
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Figure 1: Inappropriate grouping for option 3
Considering the performance and complexity, we propose that Option 3 should not be supported as the method of CBG configuration for multiple-TB transmission. 
Comparing to Option 1, Option 2 provides some flexibility with larger RRC singling overhead. Although the difference between the maximum TBSs of different TBs can be big (i.e. the maximum number of MIMO layer is odd), the quantity relation of the actual number of CBs in the scheduled TBs is uncertain. Therefore, the gain of Option 2 may be not attractive. Hence, we slightly prefer Option 1.
Proposal 1: For multiple-TB transmission, the gNB configures the maximum number of CBGs per TB.
· Each TB has the same maximum number of CBGs.
3 DCI
3.1 NDI and CBGTI

When the maximum number of CBGs per TB is indicated by RRC signaling, how to indicate CBGTI with low DCI overhead should be considered.
· Initial transmission

For initial transmission, CBG-based transmission leads to unnecessary latency. In RAN1#88bis, “The duration of a data transmission in a data channel can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission” was agreed. Therefore, 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. Therefore, unless the resource is preempted by other downlink transmission, the whole TB should be transmitted in initial transmission. Therefore, CBGTI is unnecessary for initial transmission.
Observation 1: The whole TB should be transmitted in initial transmission, unless the resource is preempted by other transmission.
Observation 2: Both CBGTI is unnecessary for initial transmission when the maximum number of CBGs is semi-statically configured.
· Retransmission 

Without HARQ-ACK multiplexing, the gNB schedules CBG-based retransmission based on the ACK/NACK has been transmitted on proper resource (implicitly or explicitly indicated by DCI) by the UE. 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 DCI for CBG-base retransmission is not necessary.
On the other hand, with HARQ-ACK multiplexing, when DL grant is missed, NACK may be reported to gNB. When gNB cannot distinguish between NACK and DTX, TBS should be indicated to the UE for retransmission.
Observation 3: Without HARQ-ACK multiplexing, TBS indication in DCI is unnecessary for retransmission.

Based on the above observations, the following scheme for indication of CBGTI with low DCI overhead can be further studied:
· Separated NDI.

· For initial transmission, MCS field in DCI is used to indicate modulation and coding scheme. 
· For retransmission, partial bits in MCS field are used to indicate modulation scheme, and the other bits in MCS field are used to indicate CBGTI.
Taking 5-bit MCS (used by LTE) for an example, 2 bits are reserved to indicate modulation scheme, as shown in table 1, and the other 3 bits are used to indicate CBGTI:
· Option 1: A dedicated CBGTI field and MCS field are jointly used as bitmap, where the dedicated CBGTI field contains N-3 bits, and N is the maximum number of CBGs configured by RRC.
· Option 2: 3 bits indicates up to 8 CBG sets, as shown in Table 2. For this option, TB-based retransmission is used in the cases with lower probability to reduce the DCI overhead. 
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: Scheduled CBGs

	3-bit to indicate CBGs
	Scheduled CBGs

	000
	The first CBG

	001
	The second CBG

	010
	The third CBG

	011
	The fourth CBG

	100
	The first two CBGs

	101
	The second CBG and the third CBG

	110
	The last two CBG

	111
	All CBGs


To achieve low DCI overhead and high reliability with no ambiguity, multiple DCI fields (NDI, CBGTI and CBGFI) should be jointly considered. The approach that CBGTI is re-interpreted as NDI is proposed by some companies. For this approach, one ambiguity is presented in [1]. When the initial transmission of TB A is missed by UE, and CBG-based retransmission of TB A is scheduled, the UE will decode the retransmitted TB A as the previous TB. With separated NDI, this ambiguity can be avoided. Furthermore, the DCI overhead of this approach is not optimal either. Assuming the maximum number of CBGs is 4, the comparisons between two proposed approaches are listed in Table 3.
Table 3: Comparisons between two proposed approaches
	
	Separated NDI + MCS is re-interpreted as CBGTI
	CBGTI is re-interpreted as NDI

	Overhead

(bitmap)
	2 bits

Note:

· 1-bit NDI;

· 4-bit CBGTI (3 bits from MCS field, 1 bit from dedicated field)
	4 bits

	Ambiguity
	No
	Yes


3.2 CBGFI

Since two DCI modes for DL CBG-based transmission are supported, i.e. 
· Mode 1: A DCI includes both CBGTI and CBGFI.
· Mode 2: A DCI includes CBGTI.
For one UE, whether CBGTI is contained in DCI should be configured by higher layer singling. And the straight-forward design of CBGFI should be CBGFI is a separated filed in DCI.
Proposal 2: Following DCI design for CBG-based transmission should be supported:
· Separated NDI.
· MCS is re-interpreted as CBGTI.

· Separated CBGFI.

4 Conclusions
In this contribution, we show our views on the design of CGB-based (re)transmission with following proposals:
Proposal 1: For multiple-TB transmission, the gNB configures the maximum number of CBGs per TB.
· Each TB has the same maximum number of CBGs.
Proposal 2: Following DCI design for CBG-based transmission should be supported:
· Separated NDI.
· MCS is re-interpreted as CBGTI.

· Separated CBGFI.
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