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1 Introduction

At the last meeting, the following agreements were approved [1]:
Agreements:
· 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 preemption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been preempted.
· The preemption indication is transmitted using a PDCCH.
· The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
· FFS: the granularity of the time and/or frequency resources.
· FFS: what DCI is used.

· FFS: timing of the preemption indication.
This contribution discusses scheduling mechanisms for CBG-based (re)transmission, especially including the detailed designs on CBG indication. The related discussions on flush indication can be found in [2].
2 Discussion
2.1 CBG indication

For DL CBG-based (re)transmission, it was agreed that “Which CBG(s) is/are (re)transmitted” can be included in the DCI. Similarly, for UL CBG-based (re)transmission, CBG indication (e.g., bitmap) also should be included in the DCI. From gNB’s perspective, it is a request to retransmit. The UE also can infer the A/N status based on CBG indication. That is, each bit in the bitmap indicates the ACK/NACK status of the corresponding CBGs. After receiving the grant DCI, the UE shall retransmit CBGs as requested. 
Proposal 1: For UL CBG-based (re)transmission, CBG indication should be included in the DCI.
Regarding the CBG indication, the most straightforward way is to introduce a new bitmap field in DCI. The CBG indication field of N bits size is always present in DCI regardless of an initial transmission or re-transmission. The value of N can be the maximum number of CBG(s) configured by higher layer signaling. Obviously, for this design, the DCI format/payload would be different between traditional TB-based (re)transmission and CBG-based (re)transmission. The CBG indication is unnecessary for TB-based initial transmission due to the increased overhead. If the maximum number of CBGs per TB is 4, a CBG indication field of 4~5 bits seems acceptable (may include additional 1 bit to indicate whether to flush the received CBG(s)). However, if maximum number of CBGs per TB could be larger than 4, the overhead of this field may be too large for a DCI, especially if the flush indication of same size is finally agreed in RAN1.
One design for the CBG indication field is to consider DCI size reduction through re-using some existing fields, such as MCS, RV, and/or NDI. In this contribution, we provide some following examples.
· Reuse MCS field. The function of MCS field is to signal the TBS index and modulation order. For CBG-based re-transmission, the TBS index can be assumed to be as determined from DCI transported in the latest PDCCH for the same HARQ process. Except for DTX, there is no need to update the TBS information for re-transmission and only modulation type needs to be informed. For DTX, TB-based re-transmission is used and MCS is not reused since there is no need for CBG indication. Therefore, we could reuse or redefine partial or full MCS field (such as 5 bits in LTE) for CBG indication. 
· Joint consideration of NDI and CBG indication. If an N-bit CBG indication field is introduced in the DCI, then 1 bit TB NDI can be saved. N-bit CBG indication can also named as CBG-level NDI. To be specific, if the NDI bits for all CBGs (every bit of CBG indication field) are toggled, this is a new TB and new transmission, otherwise, if only some NDI bits (some bits of CBG indication) are toggled, it is a retransmission. Besides, CBGs associated with untoggled NDIs are retransmitted and CBGs associated with toggled NDI are not retransmitted. Through this way, 1 bit can be saved.
· Reuse RV field. The function of RV field is to signal redundancy version. Similar to non-adaptive HARQ, the RV field is not necessary. Especially, the fixed RV order for each re-transmission (such as 0,2,3,1 in LTE) can work well for CBG-based re-transmission. For DTX, retransmitting the original information bits through setting RV=0 is more efficient. For DTX, TB-based re-transmission is used and RV is to signal redundancy version since there is no need for CBG indication. Therefore, we could reuse or redefine partial or full RV field (such as 2 bits in LTE) for CBG indication. 
By re-using some existing fields, some DCI bits can be saved. Even the DCI format/payload of CBG-based (re)transmission could be kept same as that of traditional TB-based (re)transmission. To limit the impact on MCS or RV, in some cases, CBG indication may not need to be involved in retransmission scheduling DCI. One example is the scheduled TB contains only one CB. The other example is DTX case or the case when gNBs could not distinguish between all NACKs and DTX, full flexibility of MCS or RV field would be necessary even for a retransmission. Hence, an explicit indication should be included in DCI to inform UEs whether a CBG indication is contained or whether MCS/RV is reinterpreted. Furthermore, the size of CBG indication may not be necessary to be fixed as well. The size of CBG indication depends on the TB size and thus it could change correspondingly with how many CBGs is contained by the TB transmitted this time. In this case, more bits could be used for MCS/RV indication.
Observation:
· If the number of bits required by CBG indication and flush indication is no more than 4, either a dedicated field or a re-interpreted field could be adopted.

· If the number of bits required by CBG indication and flush indication could be larger than 6, a small number of dedicated bits plus some re-interpreted bits would be necessary.
· The fields can be considered to be re-interpreted include MCS and/or NDI and/or RV.
Proposal 2: A dedicated CBG indication with no more than 4 bits could be supported.
Proposal 3: Consider to reuse some field(s) in TB level scheduling DCI (e.g. MCS and/or NDI and/or RV) to carry CBG indication information in CBG level scheduling DCI. If some field(s) are finally reused, 
· An explicit indication should be involved in DCI to inform UEs whether CBG indication is contained or whether some field(s) is reinterpreted.
· DCI should not contain CBG indication when the transmitted TB contains only one CBG.
· DCI should not contain CBG indication when all CBGs are retransmitted.

No matter whether to reuse some existing fields, we should at least ensure the grant DCIs for the initial transmission and re-transmissions are of the same length to avoid increase UE’s complexity of blind decoding.
Proposal 4: For UEs configured with CBG-based retransmission, the DCIs scheduling initial transmission and re-transmission should be of the same length.
3 Conclusions
In this contribution we discussed scheduling mechanisms for CBG-based re-transmission. According to the above discussions, we have the following observation and proposals:
Observation:
· If the number of bits required by CBG indication and flush indication is no more than 4, either a dedicated field or a re-interpreted field could be adopted.

· If the number of bits required by CBG indication and flush indication could be larger than 6, a small number of dedicated bits plus some re-interpreted bits would be necessary.
· The fields can be considered to be re-interpreted include MCS and/or NDI and/or RV.
Proposal 1: For UL CBG-based (re)transmission, CBG indication should be included in the DCI.
Proposal 2: A dedicated CBG indication with no more than 4 bits could be supported.
Proposal 3: Consider to reuse some field(s) in TB level scheduling DCI (e.g. MCS and/or NDI and/or RV) to carry CBG indication information in CBG level scheduling DCI. If some field(s) are finally reused, 
· An explicit indication should be involved in DCI to inform UEs whether CBG indication is contained or whether some field(s) is reinterpreted.
· DCI should not contain CBG indication when the transmitted TB contains only one CBG.
· DCI should not contain CBG indication when all CBGs are retransmitted.

Proposal 4: For UEs configured with CBG-based retransmission, the DCIs scheduling initial transmission and re-transmission should be of the same length.
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