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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. In RAN1 #89, the following agreements were made on CBGH based retransmission.
Agreement: 
· For DL CBG-based (re)transmission,
· Following information can be 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.
· FFS: timing of CBG-based (re)transmission.
In RAN1 #90, the following agreements were made

Working assumption
For initial transmission and retransmission, each CBG of a TB has the same set of CB(s).
Agreement:
 For CBG-based (re)transmission, the DCI scheduling CBG-based (re)transmission carries single RV field for the transport block.
In this contribution we describe the downlink control channel design with CBG based retransmission. In this contribution, we describe our views on the CBG based transmission and retransmission procedures.
Downlink Control Channel Design for CBG Based Re (Transmission) 
[bookmark: _Ref378529477]As discussed during the previous meeting, with CBG based retransmission the network needs to inform which CBGs are re (transmitted). We envision two design options for conveying this information to the UE.  The options are
· Option 1: With explicit indication: In this option, the DCI should consist of a bit map which indicates (if configured) the number of CBGs which are re transmitted for the current transmission. Note that in this case, the bit map length is equal to that of the number of CBGs configured by the network.
· Option 2: With implicit indication: In this option, rather than explicitly indicating which CBGs are re (transmitted), the network indicates through implicit signaling by a single bit which we call as CBG confirmation bit. When this bit is set to one the UE should understand that network re transmitted the same CBGs which were reported as NAK by the UE for the previous DL transmission for the same HARQ process identifier. If CBG confirmation bit is set to zero, then the UE should understand that the network is using TB level re transmission rather than CBG level re transmission. 
In our view, with explicit indication the signaling overhead for the DCI is very huge.  As an example, take the case for maximum transport block size (TBSmax), the number of possible CBGs (N) for a single codeword which is given by
                        
where the TBSmax is the maximum value of TBS per each codeword, D is the CB level granularity for CBG, and ceil is the ceiling functionality for any given real number.  The value of N is given by 

                        

Where the REmax is the maximum number of resource elements Txrank is the transmission rank for PDSCH, Mmax is the maximum modulation scheme (M-QAM) used for the codeword and OFDMmax is the maximum number of OFDM symbols  in a given transmission. Note that in the above equation, we assume TB size increases in proportional to the number of layers
Let’s take an example with REmax = 6600, Mmax is equal to 8 (256 QAM). Table 1 shows the maximum number of CBGS 
Table 1 Maximum number of CBGs as a function of transmission rank
	Transmission rank

	
                           Number of CBGS (N)


	
	D =  8192 bits

	D = 16384 bits
	D = 24576 bits

	D = 32768 bits 


	1
	91
	46
	31
	23

	2

	181
	91
	61
	46

	3
	271
	136
	91
	68

	4
	361
	181
	121
	91



It can be observed that even the case of 1 CBG is equal to 4 CBs, the maximum number of CBGS is equal to 91.  Hence with the option 1, where explicit signaling is needed to indicate which CBGS are retransmitted, the network needs to send a bit map length equal to 91. Hence in our view at least for PDSCH transmission, the network can avoid this overhead by using CBG confirmation bit in downlink control channel.

In addition, this bit can be used to transition between TB level re transmission and CBG based re transmission.  Hence we propose that instead of using explicit signaling to indicate the CBG re transmission, the network should use CBG confirmation bit for indicating the CBG re transmission.

Proposal 1: CBG confirmation bit should be used for each codeword in DCI to indicate which CBGs are retransmitted for PDSCH 

Hybrid Technique for Indicating CBGs 
One of the drawbacks of using implicit signaling is if there are any errors in PUCCH transmission of HARQ-ACK for the CBGs. In this case, there might be a mismatch between the network and the UE about the CBGs retransmitted. Note that this assumes that HARQ-ACK for the CBG based retransmission does not include CRC. However, since when the number of CBGs are large, we prefer to have CRC added to HARQ-ACK transmission of CBGs. For example, if the length of CBGs is greater than 4 or 8, we can be added CRC bits to protect these HARQ-ACK bits.  Hence we propose that for a small number of CBGs configured, we can use explicit signaling to indicate which CBGs are retransmitted if the HARQ-ACK bits for these CBGs are not CRC protected.  In other cases when the number of CBGs are large, CRC bits should be added for HARQ-ACK. In this case, implicit signaling can be used to reduce the signaling overhead of the DCI. 


[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Proposal 2:  Hybrid techniques should be used to indicate which CBGs are retransmitted for PDSCH, i.e. explicit signaling is used when the number of CBGs are small and implicit signaling is used when the number of CBGs are large
Conclusions
[bookmark: _GoBack]In this contribution, we presented our views Downlink control channel design for CBG based transmission.    Based on our observations, 
We have the following proposal:
Proposal 1: CBG confirmation bit should be used for each codeword in DCI to indicate which CBGs are retransmitted for PDSCH 

Proposal 2:  Hybrid techniques should be used to indicate which CBGs are retransmitted for PDSCH, i.e. explicit signaling is used when the number of CBGs are small and implicit signaling is used when the number of CBGs are large
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