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1. Introduction

In last meeting, the following agreements have been achieved on the design of CBG [1]:

· For downlink data transmission with CBG based (re)transmission,

· The number of CBG HARQ ACK bits for a TB is at least equal to the number of CBGs indicated or implied for transmission

· FFS whether or not the UE transmits HARQ ACK bits for CBGs not indicated or implied for transmission

· FFS “indicated or implied” is realized by RRC, MAC, L1 signalling, or implicitly derived

· FFS HARQ ACK feedback on one channel for the case of multiple TBs

· FFS for fallback 

· 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.
· 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

· 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 this meeting, we will provide some discussions on the indication of CBG.
2. Discussions 
CBG based transmission could support flexible data transmission for different data lengths and will be supported in NR. For CBG based transmission, the number of CBG and CB numbers per CBG should be informed to UE. Very dynamic CBG configuration can well match different traffic model and channel variation, but the cost is relatively high control overhead. Assuming the system supports maximum 16 CBG and each CBG contains maximum 8 CBs, individually indicating each CBG number requires 4 bits, and individually indicating the number of CBs in each CBG needs about 7 bits. If only L1 based signaling is supported, it will bring high overhead for the entire system.
Observation 1: It will bring the risk of overhead overloading if only L1 signaling is supported for CBG indication.
There are many ways to reduce the overhead for CBG indicating. Generally, the number of CBG is determined by the available bits for uplink feedback. In the real transmission, without massive transmission data, the required CBG number is limited. A default CBG number could be used, for example 1 or 2. CBG number could be adjusted according to the payload of transmission data by high layer signaling.
Proposal 1: CBG number could be explicitly configured by high layer signaling. 
We can also make a joint consideration for CBG number and uplink HARQ feedback. In principle, CBG number should be equal to the number of uplink feedback bit. This implies that once CBG number is fixed, the number of HARQ bits is also determined or vice versa. Therefore, once the number of HARQ bits is changed by L1 signaling, the number of CBG number is changed implicitly.
Proposal 2: The number of CBG and the number of ACK/NACK bits could be bundled to adjust.

For each CB, if only explicit L1 signaling is used for CBG belonging indication, it will cause high overhead. A combination of explicit and implicitly derived indication method should be considered. One way is to set a flag in each CBG. When a number of CBs are continuously transmitted, a flag is detected indicating that a CBG transmission is complete. Each CBG only needs contain one flag and all CBs sharing the same flag could be recognized as in one CBG.
Proposal 3: The combination of explicit and implicitly derived indication method should be considered for CBs in one CBG.
Given the same transmission error rate for each CB, the larger the numbers of CBs in one CBG, the higher the transmission error rate for each CBG. Therefore, under the assumption of the same CB transmission error rate, it is a natural choice to make the number of CBs in each CBG as uniform as possible to minimum the transmission error rate difference among different CBG. However, in real transmission, there will also different cases should be considered. Since the channel variation, the code rate and packet size of each CB is quite different. From the point of view of maximum transmission payload efficiency, some high code rate CBs with high packed size could be considered for single CBG transmission to increase transmission success rate, while some small size CBs with low code rate could use uniform CB grouping. 
Proposal 4: high code rate CB(s) with large packed size and low code rate CB(s) with small packet size could use different CB grouping method.

3. Conclusion
In summary, the following observation and proposals are provided for the indication of CBG:
Observation 1: It will bring the risk of overhead overloading if only L1 signaling is supported for CBG indication.

Proposal 1: CBG number could be explicitly configured by high layer signaling. 

Proposal 2: The number of CBG and the number of ACK/NACK bits could be bundled to adjust.

Proposal 3: The combination of explicit and implicitly derived indication method should be considered for CBs in one CBG.

Proposal 4: high code rate CB(s) with large packed size and low code rate CB(s) with small packet size could use different CB grouping method.
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