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1 Introduction

At last Meeting, the following agreements related to CBG-based feedback and re-transmission were approved [1]:
Agreements:
· 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:
· The UE is semi-statically configured by RRC signaling to enable CBG-based re-transmission.

· The above semi-static configuration to enable CBG-based re-transmission is separate for DL and UL.

This contribution discusses scheduling mechanisms for CBG-based re-transmission.
2 Discussion
As agreed in last meeting, CBG-based re-transmission is supported and can be configured separately for DL and UL. 
With CBG-based HARQ-ACK feedback configured for the PUSCH, at least which CBG(s) is (are) retransmitted (e.g., a bitmap) should be indicated in DCI for CBG-based re-transmission. The bitmap or CBG index can play a role for HARQ-ACK. That is, each bit in the bitmap indicates the ACK/NACK status of the corresponding CBG. After receiving the grant DCI, the UE shall retransmit CBGs as requested. 
For a UE configured with CBG-based HARQ-ACK feedback for the PDSCH, the UE would feedback a bitmap of the HARQ-ACK for each CBG after receiving the data transmission. Therefore, different from PUSCH, there are two options for the PDSCH re-transmission DCI design.

· Option 1: DCI does not contain a bitmap to indicate which CBGs are being retransmitted. For this case, the gNB retransmits exactly those CBGs indicated as NACK in the received UCI and the UE can expect to receive the CBGs which fail decoding in most recent transmission. 

· Option 2: DCI contains a bitmap to indicate which CBGs are being retransmitted.
For option 1, there are following disadvantages. Firstly, it lacks of scheduling flexibility because the gNB must retransmit exactly those CBGs indicated as NACK in the received UCI. Secondly, it is impossible to ensure UCI are always received incorrectly. For example, DTX or NACK to ACK error can happen. More importantly, considering URLLC preemption, some companies proposed that CBG-based subsequent transmission could be scheduled before HARQ-ACK feedback in last meeting. For this case, option 1 cannot work well. Therefore, considering robustness and flexibility, similar to PUSCH, at least which CBG(s) is (are) retransmitted (e.g., a bitmap) should be indicated in DCI for CBG-based re-transmission. It can unify the design for both DL and UL.
Proposal 1: The retransmitted CBG(s) should be indicated in the DCI scheduling CBG-based re-transmission for both UL and DL.
For TB-based initial transmission and TB-based re-transmission, the entire TB is transmitted. Thus, the above CBG bitmap or indication is not needed in the grant DCI. The number of BD depends on the number of monitored DCI with different formats or payload sizes. To avoid UE’s complexity, we should ensure the grant DCIs for the initial transmission and re-transmissions are of the same length. Based on this point, there are two options for CBG indication design in grant DCI. 
· Option 1: CBG indication field is always present in DCI regardless of an initial transmission or re-transmission. 
· Option 2: Reuse some existing fields to indicate the retransmitted CBGs.
Option 2 requires fewer bits in the DCI than option 1, especially since the CBG indication field is not needed for initial transmission and TB-based re-transmission. With option 2, first of all, UE needs to distinguish current re-transmission is TB level or CBG level. It can be achieved in explicit or implicit manner (e.g. by 1-bit flag in DCI or by CRC on PDCCH, i.e., CRC scrambled by different sequences for TB-level transmission and CBG-level (re-)transmission). After that, if it is CBG-based re-transmission, then some possible existing fields can be reused for CBG indication. In this contribution, we describe some examples.
· MCS Field. The function of MCS field is to signal the TBS index and modulation order. Firstly, for CBG-based re-transmission, the TBS is 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. For DTX, TB-based re-transmission is used and MCS is not reused since there is no need for CBG indication. Secondly, we could optionally keep the same modulation order as most recent transmission. Therefore, we could reuse or redefine partial or full MCS field (such as 5 bits in LTE) for CBG indication.
· 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. The main motivation of introducing RV field in LTE is to support DTX. 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 RV field (such as 2 bits in LTE) for CBG indication.
Figure 1 shows an illustration of option 2.
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Figure 1. Illustration of option 2
Proposal 2: The DCIs scheduling initial transmission and CBG-based re-transmission should be of the same length.

· Some field(s) in TB level scheduling DCI (e.g. MCS and/or RV) can be reused to carry CBG indication information in CBG level scheduling DCI.
Besides, for CBG-based re-transmission, comparing to initial transmission, fewer resources are needed. Note that “Only allow CBG based (re)-transmission for the same TB of a HARQ process” was agreed. To maximize the resource utilization, partial CBGs of a TB scheduled over aggregated slots should be able to be re-transmitted using one slot as shown in Figure 2. Through this way, the remaining time resource (slots) can be allocated to other process(es).  
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Figure 2. An example of CBG-based transmission for slot aggregation
Proposal 3: For a TB scheduled over aggregated slots, scheduling fewer slots for CBG-based re-transmission should be supported.

3 Conclusions
In this contribution we discussed scheduling mechanisms for CBG-based re-transmission. According to the above discussions, we have the following proposals:
Proposal 1: The retransmitted CBG(s) should be indicated in the DCI scheduling CBG-based re-transmission for both UL and DL.
Proposal 2: The DCIs scheduling initial transmission and CBG-based re-transmission should be of the same length.

· Some field(s) in TB level scheduling DCI (e.g. MCS and/or RV) can be reused to carry CBG indication information in CBG level scheduling DCI.
Proposal 3: For a TB scheduled over aggregated slots, scheduling fewer slots for CBG-based re-transmission should be supported.
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