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1 Introduction
In the previous RAN1#88bis meeting, it was agreed that NR supports CBG-based (re)transmission in addition to TB-based (re)transmission. The CBG-based (re)transmission is a partial (re)transmission of a TB based on UE’s multi-bit HARQ-ACK feedback. There have been some agreements as follows [1]:
	Agreements: (RAN1 #88bis)
· 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
Agreements: (RAN1 #88bis)
· 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.

Agreements: (RAN1 #88bis)
· 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



For grouping CB(s) into CBG(s), in this contribution, we discuss the impact of CBG grouping and the related CBG-based transmission.

2 CBG-based (re-)transmission 
It is expected that NR supports larger TB size over larger transmission bandwidth, e.g. hundreds of MHz. Since the number of CBs within a TB may be proportional to TB size, NR needs to specify a general rule to construct CBG with the arbitrary number of CBs or TB size. As possible candidates, the following three options have been discussed in the last RAN1 meeting:
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Figure 1. Illustrations of Opt. 1 and Opt. 2 for grouping CB(s) into CBG(s)

· Option 1. With configured number of CBGs, the number of CBs in a CBG changes according to TBS
In this option, the number of CBGs is assumed to be configured by RRC signaling. The CBG granularity depends on the number of CBs or TB size. So, larger TB size makes larger number of CBs per CBG. As shown in figure 1. 4 CBGs can be configured to a UE. If there are 8 CBs per a TB, the CBGs are configured as {CB #0, CB #1}, {CB #2, CB #3}, {CB #4, CB #5} {CB #6, CB #7}. If there are 4 CBs per a TB, the constructed CBGs are {CB #0}, {CB #1}, {CB #2} {CB #3}. 
Main advantage of this option is that UE can simplify blind decoding procedure because the DCI payload size is predictable. When DCI contents include some CBG-based signaling fields such as “1bit per CBG” (one example is a bitmap for indicating which CBGs are needed to be flushed due to preemption), UE can expect the number of DCI payload size based on the configured number of CBGs. Another advantage is that the HARQ-ACK resource can be also pre-configurable. This implies that with a simple HARQ-ACK resource indication rule, UE can prepares HARQ-ACK feedback in advance. However, this option would be inefficient when the number CBs or TB size is extremely larger or smaller. For example, when the number of CBs is smaller than the configured number of CBGs, since some CBGs are not occupied, some HARQ-ACK resource becomes redundant. In order to address this problem, the unused HARQ-ARQ resources are used for additional HARQ-ARQ indication of the transmitted CBGs. Detail schemes for additional HARQ-ARQ indication of the transmitted CBGs is needed to be further discussed. When the number of CBs is far larger than the number configured CBGs and there may be many CBs in a single CBG, if few CBs in the CBS are NACK, all of CBs in CBG can be needed to be retransmitted, which is a burden to handle the CBG-based HARQ operation. Therefore, NR further considers a mechanism how to keep unwanted CB retransmission as small as possible. 
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Figure 2. Initial and retransmission of Opt. 1

In addition, when retransmitting the CBs in NACKed CBGs, we need to discuss whether the CB-to-CBG mapping is changed or not. If not changed, the number of non-empty CBGs in the retransmission may be smaller than that in the initial transmission. If CBG grouping is changeable, the number of non-empty CBGs in the retransmission is equal to that in the initial transmission and the retransmitted CBs may be regrouped into new CBGs. In figure 2, CBGs in the initial transmission are {CB #0, CB #1}, {CB #2, CB #3}, {CB #4, CB #5},{CB #6, CB #7} and two CBGs {CB #1, CB#2}, {CB #3, CB#4} are needed to be retransmitted. Without regrouping, the two CBGs are transmitted as if two CBGs are initially configured by RRC signaling. However, with regrouping, 4 CBs in the two NACKed CBGs are regrouped into 4 CBGs, {CB #2}, {CB #3}, {CB #4}, {CB #5} with finer granularity. 
· Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.
In this option, since the CBG granularity is configured by RRC signaling the number of CBGs is varied according to the number CBs or TB size. Contrary to Option 1, this option can be suitable for the case where the number of CBs or TB size is extremely small or large. However, when DCI contents include some CBG-based signaling fields such as “1bit per CBG,” the DCI payload size is unpredictable in the initial transmission. Therefore, UE’s blind decoding complexity may be high and the HARQ-ACK resource for CBGs is determined after receiving PDCCH. Due to the variable amount of the HARQ-ACK resource for CBGs, HARQ-ACK resource allocation scheme would be further complicated. 
· Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.
As a mixed operation between Option 1 and Option 2, both of the number of CBGs and the number of CBs per CBG can be varied according to TBS. In our view, in order to consider the flexibility on CBG grouping, it is necessary to identify the substantial gain(s) of Option 1 and 2 first. 
· Observation 1: Option 1 is beneficial in terms of blind decoding with simple HARQ-ACK feedback mechanism and Option 2 is beneficial in terms of adaption of TBS and retransmission. However, there are no clear benefits for Option 3. 
· Proposal 1: For grouping CB(s) into CBG(s), NR should consider a down-selection between Option 1 and Option 2.

Regarding CBG alignment with OFDM symbols, taking into account the interference such as preemption by different DL transmission, CBG needs to be restricted in as small number of symbols as possible. Thus, frequency-first mapping without time domain interleaving is a one candidate mapping. However, it is hard to guarantee the alignment of CBG boundary with OFDM symbol boundary. If CBG boundary and OFDM symbol boundary alignment is strictly restricted, it would not only reduce scheduling flexibility but also results in complicate CB size determination. Therefore, it is desirable that, regardless of MCS and allocated PRBs, the CB size can be determined by TB size only and the CB can be allocated across OFDM symbols.
· Proposal 2: The number of OFDM symbols for CBG alignment needs to be restricted as small as possible. 

3 Conclusion
In this contribution, CBG grouping methods are discussed, and we propose that
· Observation 1: Option 1 is beneficial in terms of blind decoding with simple HARQ-ACK feedback mechanism and Option 2 is beneficial in terms of adaption of TBS and retransmission. However, there are no clear benefits for Option 3.
· Proposal 1: For grouping CB(s) into CBG(s), NR should consider a down-selection between Option 1 and Option 2.
· Proposal 2: The number of OFDM symbols for CBG alignment needs to be restricted as small as possible. 
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