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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 CBG based retransmission.
Agreement: 
· 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
In addition, RAN1 agreed to support 
· 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.
In RAN1 #90, the following agreements were made

Agreements:
· At least for single CW case, at least support that the maximum number of CBGs per TB is indicated by RRC signaling
· FFS whether also support to indicate the number of CBGs per TB by L1 signaling
Agreements:
· At least for single CW case
· The maximum number N of CBG(s) per TB is configured by RRC signaling
· The number M of CBG(s) in the TB equals to min(C, N), where C is the number of CB(s) within the TB.
· For CBG construction
· The first Mod(C,M) CBG(s) out of total M CBG(s) include ceil(C/M) CB(s) per CBG 
· The remaining M-Mod(C,M) CBG(s) include floor(C/M) CB(s) per CBG. 
 For the multi codeword case, the following agreement was made for further evaluations 

Agreements:
· For multiple CW cases, the following can be considered.
· 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

It can be observed that there are many open issues in CBG based retransmission schemes. In this contribution, we describe our views on the CBG based transmission and retransmission procedures.
Configuration of Number of CBGs for Multi Codeword PDSCH 
In previous RAN1 meetings, CBG based transmission/retransmission is mainly focused on URLLC multiplexing with eMBB data. In our view, CBG based transmission/retransmission is not only applicable to eMBB+URLLC only, rather it should be viewed as tool to improve the performance of eMBB without any URLLC.  CBG based transmission/retransmission should be designed such that it gives flexibility to the systems design for improving the performance at the same time reduces the feedback channel overhead.
As RAN1 agreed that the network indicates the number of CBGs, where the number of CBs in a CBG changes according to the TBS, in this section we discuss about the procedure for indicating the number of CBGs. 
In our view, to simplify the downlink and uplink feedback channel design, we recommend that the network configures the number of CBGs via RRC signaling semi statically. 
Proposal 1: For both single codeword and Multi codeword, RRC signaling should be used to indicate the number of CBGs  

For multi codeword MIMO, for configuring the number of CBGs, the following options are considered;
· Option 1:  The gNB should configure same number of CBGs for both TBs: In this option, the gNB configures the same number of CBGs for both the transport blocks. The advantage of this scheme is a reduction of RRC signaling as only one value is signaled. However, since the channel qualities/transport block lengths of each TB might be different, the number of DCI bits are unused. 
· Option 2:   The gNB can configure either same/different number of CBGs for each TB: In this option, the network signals two values corresponding to each TB. The advantage with this option is the network can signal a smaller value for one TB while the other TB can have a different value compared to the other TB. This is especially beneficial when the channel qualities differentiate significantly.   Figure 1 shows the delta SNR defined as the difference between the maximum per layer SNR and minimum per layer SNR for 8 transmit antenna ports. Figure 1 shows the percentage of delta SNRs at 25 dB SNR when the UE reported rank is equal to 8.  It can be observed from Figure that around 25 % of the time the SNR difference is more than 12 dB which corresponds to a difference of 6 CQI indices if we use the LTE CQI mapping table.    Hence with this option, the network can reduce the DCI signalling overhead for one codeword, if it has the flexibility to configure a different value of the number of CBGs.
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Figure 1 Distribution of Delta SNR at high SNR of 25 dB with 8 antenna ports


Hence we propose that the network should configure the number of CBGs (N) on per codeword level for PDSCH transmission. For example, for a UE capable of receiving 5-8 layer transmission, it was agreed to support 2 codewords, Since the HARQ entity of each codeword is different, and the channel quality between these two codewords can differ significantly, we recommend to configure number of CBGs per codeword level.  Accordingly, the network should configure two values say N1 corresponds to the first codeword and N2 corresponds to the second codeword for downlink transmission.  
· Option 3: The gNB configures the maximum number of CBGs to be shared by both CWs: In this option, the gNB configures one value for the number of CBGs and the number of CBGs dynamically adjusted between the two codewords.  Hence the number of CBGs are used efficiently. In our opinion, this scheme lacks clarity as many issues are FFS. Furthermore, previously RAN1 agreed to have CBG have the same RV as that of initial transmission. With this agreement, the scheme might lose the benefits of CBG based re (transmission). For example, say the gNB configures 4 CBGs shared between the two codewords. Say initially, the network divides the number of CBGs equally.  Say the case one codeword is a pass and the other is a failure.  In the same the channel quality of the passed codeword is very high, implies that the TB length of this codeword is very large. However only 2 CBGs are available as the second codeword is a failure. Hence the advantages of CBG re (transmission) is minimizes with his scheme. 
Proposal 2: Network should indicates 2 value for indicating the number of CBGs, where the first one  corresponds to the PDSCH transmission for the first codeword and the second  one corresponds to the  second codeword 
Upper and Lower Bounds on the Number of CBGs
Let’s denote the number of CBGs indicated by the network as N. Then we propose that the value of N is
                        
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. Since RAN1 has not agreed on configuring the value of D, we recommend that RAN1 should discuss on fixing the value of D. In our view, the value of D is equal to 8448 bits for achieving the maximum benefits of CBG based re (transmission). However for reducing the feedback channel overhead, D can be fixed to a higher value. 
Proposal 3: Minimum value for the number of CBGs is equal to 2 and the maximum value for the number of CBGs is equal to ceil(TBSmax/D), where D = 8448 bits.
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In this contribution we presented our views CBG based transmission.    Based on our observations, 
We have the following proposal:
Proposal 1: RRC signaling should be used to indicate the number of CBGs  

Proposal 2: Network should indicates 2 value for indicating the number of CBGs, where the first one  corresponds to the PDSCH transmission for the first codeword and the second  one corresponds to the  second codeword 

Proposal 3: Minimum value for the number of CBGs is equal to 2 and the maximum value for the number of CBGs is equal to ceil(TBSmax/D), where D = 8448 bits.
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