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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. In RAN1 #88bis, the following agreements were made on CBGH based retransmission.
Agreement: 
· Confirm the working assumption as below.
· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:
· Only allow CBG based (re)-transmission for the same TB of a HARQ process
· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB
· CBG can include one CB
· CBG granularity is configurable

· The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.
· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.
· For grouping CB(s) into CBG(s), the following options can be considered.
· Option 1: With configured 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 configured number of CBGs
· Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.
· Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.
· FFS: for the case of re-transmission
· FFS on details of each option
· FFS: CBG is approximately aligned with symbol(s)
· Other options are not precluded

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.
Grouping of CB(s) into CBG(s) 
[bookmark: _Ref378529477]In this section we analyze the four options of grouping CB(s) into CBG(s). The options are
· Option 1: With configured number of CBGs, the number of CBs in a CBG changes according to TBS.
· Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.
· Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.
· Option 4: CBG is approximately aligned with symbol(s)
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. For example in eMBB systems, Figures 1, 2, and 3 shows the prpbability of failure of one codeblock segment while the rest of the codeblock segments are passed at 4.5 GHz frequency at high, medium and low SNRs respectively for 4X4 MIMO system.
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Figure 1 Probability of failure of only segments with SNR = 20 dB as a function of speed 
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Figure 2 Probability of failure of only segments with SNR = 10 dB as a function of speed
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Figure 3 Probability of failure of only segments with SNR = 0 dB as a function of speed

It can be observed that there is significant probabilities that only one segment is in error, while the rest of the segments are passed at all SNRs. The probability of failure of only one segments increases with the speed at all geometries. Hence the configuring the number of code blocks/CBGs is based on UE channel conditions (small scale and large scale) and also the MIMO rank etc. For example the number of code block segments within a transport block increases with rank (due to single codeword structure). Hence in these cases CBG based transmission/retransmission is useful if the UE can feedback with small number of CB per CBG.  
Based on above observations, fixing the code blocks into CBG according to the TBS as in Option 3 is not optimal as the number of code block segments in error depends on quality of link adaptation.  Regarding option 1 or 2, we prefer option 2, as with Option 1, the standardization effort is more as RAN1needs to define for all combinations.  With option 2, the network needs to inform the number of CBs per CBG only. Note that the network needs to inform the number of CBs per CBG per each codeword. i.e., for a two codeword MIMO system (for ranks 5-8), the number of CBs per each codeword should be configurable. Similarly, as agreed in the previous meetings, the number of CBG based transmission is separate for DL/UL. Hence the network might send a different number of CB(s) per CBG for UL.
Regarding option 4 of CBG approximately aligned with symbol, this is only applicable for eMBB+URLLC multiplexing use case and in reality aligning with symbol never happen as it depends on the number of resource blocks scheduled to the UE.
Proposal 1: RAN1 should agree on configuring the number of CBs per CBG, the number of CBGs changes according to the TBS

Proposal 2: The number of CB(s) per one CBG can be different for each MIMO codeword

Proposal 3: The number of CB(s) per one CBG can be different for UL and DL
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In this contribution we presented our views CBG based transmission.    Based on our observations, 
We have the following proposal:
[bookmark: _GoBack]Proposal 1: RAN1 should agree on configuring the number of CBs per CBG, the number of CBG(s) changes according to the TBS

Proposal 2: The number of CB(s) per one CBG can be different for each MIMO codeword

Proposal 3: The number of CB(s) per one CBG can be different for UL and DL
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