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1. Introduction

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

· 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
In this meeting, we will provide some discussions on the design of CBG.
2. Discussions 
According to the meeting consensus, NR need to consider the use of CBG based transmission and HARQ mechanism. CBG based transmission can save the feedback overhead, but also bring some practical problems. The most important one of which is with a number of CB ACK/NACK feedback, once a NACK, the whole CBG needs to consider the retransmission, which makes the whole system retransmission proportion increases, thereby reducing the transmission efficiency of the whole system. Obviously, the retransmission proportion will increase with the increase of the number of CB in a CBG. Assuming that each CB initial transmission success rate (ITSR) is 90%, and each CBG contains 4 CB. Then the ITSR of one CBG is reduced to 65.61%.
Observation 1: With CBG based transmission, we should control the retransmission rate in whole system.
In order to control the retransmission probability, there are a variety of methods, such as controlling the number of CB in each CBG and/or increasing the ITSR of each CB. With the increase of CB numbers in one CBG, it is a very realistic choice to increase the ITSR of each single CB. Assuming that the ITSR of each CB is 90%, after using CBG, if the same ITSR is expected for the CBG transmission, it is necessary to increase the ITSR of each CB. The main method to improve the ITSR of one CB is to adopt a lower modulation and coding scheme, which will also affect the efficiency of the whole system. It is a tradeoff between increasing the ITSR and decreasing the number of CB in one CBG.

It should be noted that with different CB level transmission success rate, the sensitivity of CBG level success transmission rate versus the number of CB in one CBG is also different. Assuming the same ITSR for each CB, figure 1 shows the CBG level ITSR with different CB ITSR. With ITSR for each CB increasing, CBG ITSR is less sensitive to CB numbers per CBG. If the CB ITSR increases from 90% to 95%, then the ITSR for one CBG with 4 CB will also more than 80%.
Proposal 1: With a reasonable CB initial transmission success rate assumption, it is necessary to consider limiting the maximum number of CB per CBG.
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Figure 1 CBG initial transmission success rate(ITSR) for different CB numbers per CBG
For CBG based transmission, we should first consider the number of available CBG. Without feedback limitation, it is natural to make full use of HARQ resources. Especially when the CB ITSR is not very high, the use of a CBG contains multiple CBs is not a good choice. Therefore, it is a more reasonable choice to select the number of CBs in one CBG with fixed CBG number than select the number of CBGs with fixed CBs number in one CBG.
Proposal 2: It is preferred that with configured number of CBGs, the number of CBs in a CBG changes according to some criteria. 

After confirming the number of CBGs, the number of CBs per CBG also needs to discuss. If each CBG must use the same number of CBs, this will bring extra limitation for scheduling. It is not a very reasonable limitation for system scheduling to generate CBs equaling to integer multiples CBGs. If each CBG contains a variable number of CB may require some additional indication information which means some overhead. However, each CBG contains a different number of CBs may also bring some additional benefits. For example, in the case of each CB to carry a different amount of information, it may bring some benefits to put the CB with more information bits to CBGs with less CBs. 
Proposal 3: With configured number of CBGs, whether the number of CBs per CBG is variable or not still need to be studied. 

The CBG based transmission/re-transmission potentially adds a possibility to pre-emption based indication. When pre-emption happens, several CBs in one CBG will get high priority to be occupied and the pre-emption indication will be CBG/CB based. If all pre-emption indications are based on CBG/CB and without time and frequency resource indication, there will be some potential problems. Since the CBG based transmission is configurable, and a CBG contains multiple CB data transmission has an impact on system efficiency, the proportion of multiple CBs in one CBG need to be considered. In addition, for the indication of time-frequency resources, more operations could be used at the receiver side. But with merely CB/CBG indication, the operation room at the receiver side will be quite limited. Therefore, 
Proposal 4: It is necessary to evaluate the indication gain based on time-frequency resources before we make decision on which pre-emption indication methods to be used.
3. Conclusion
In summary, the following observation and proposals are provided for the design of CBG:
Observation 1: With CBG based transmission, we should control the retransmission rate in whole system.
Proposal 1: With a reasonable CB initial transmission success rate assumption, it is necessary to consider limiting the maximum number of CB per CBG.
Proposal 2: It is preferred that with configured number of CBGs, the number of CBs in a CBG changes according to some criteria. 

Proposal 3: With configured number of CBGs, whether the number of CBs per CBG is variable or not still need to be studied. 

Proposal 4: It is necessary to evaluate the indication gain based on time-frequency resources before we make decision on which pre-emption indication methods to be used.
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