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1 Introduction
For enhancement of scheduling and HARQ procedure in NR [1], it was agreed in RAN1#88bis to support CB-group (CBG) based retransmission. 

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 retransmission.

· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.
Agreements:
· 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

The CBG grouping mechanism should be common for both DL and UL transmission as discussed in [1]. Regarding the scheduling and signaling, different designs are required for DL and UL. This contribution considers UL aspects, while DL related issues are discussed in [2, 3]. 
2 Discussions 
Time-frequency resources and resource mapping

Same as CBG retransmission in DL, a CBG retransmission in the UL can be scheduled over a different (typically smaller) number of symbols than the transmission of the initial data TB. RAN1 agreed to support dynamic duration of data channel (PUSCH/PDSCH) and flexible starting position (details are FFS). This facilitates efficient partial CBG retransmission by relatively shorter duration than for the initial transmission [4], while it may complicate HARQ procedure, which is still not decided yet.  If the transmission duration remains same for a CBG retransmission, it can be expected that a relatively smaller number of PRBs will be allocated. For both options, the remaining time-frequency resources will be used for other UEs to improve overall system efficiency.
TBS/MCS indication 

In LTE, TBS is determined by the number of allocated PRBs and the TBS index. MCS indexes 0~28 are applicable for initial transmission and for retransmission while MCS indexes 29~31 are applicable only for retransmission. For a retransmission by an MCS index 29~31, the TBS is the same as in the previous transmission for the same HARQ process. For retransmission by an MCS index 0~28, the same TBS as for the initial transmission is expected, while the TBS index can vary with the number of allocated PRBs and the modulation order can be changed for a desirable coding rate. 

For CBG-based retransmission, if the TBS indicated by DCI is same as for the initial transmission then, following the LTE TBS determination mechanism by using MCS index 0~28, it is difficult to adjust frequency resources (e.g., number of PRBs with same TTI length) according to the number of retransmitted CBGs while keeping a desirable modulation and coding rate because the number of transmitted bits could be much less than TBS. As shown in Figure 1, an initial transmission consisting of 4 CBGs maps onto 80 PRBs, with MCS index =9 (QPSK). Assuming only one CBG (#2 CBG) needs retransmission, it would be sufficient to allocate 20 PRBs (if same coding rate) for this CBG. To keep TBS unchanged, a much larger MCS index = 25 is required due to smaller number of PRBs. However, only one CBG is transmitted over these 20 PRBs which results in rather high modulation order (64QAM) but extremely low coding rate. Enhancements of TBS indication for CBG-based retransmission are needed to solve this issue. Otherwise, the gNB can rely on MCS index 29~31 for CBG-based retransmission without the restriction on TBS indication. 
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Figure 1: CBG-based retransmission with reduced PRBs
Proposal 1: TBS/MCS is separately determined for an initial TB transmission and for CBG-based retransmissions.
RV indication 

NR supports asynchronous HARQ for both DL and UL to avoid fixed timing relationship between initial transmission and retransmission. Explicit RV indication decoupled from MCS indication as DL should also be supported.  Then, assuming a mapping as in LTE, any RV is applicable for retransmission even when relying on MCS 29~31 for retransmission.  
One issue for RV indication is whether per-CBG RV or TB-level RV is sufficient for CBG-based retransmission. Preemption-based multiplexing of different transmissions has primarily focused on the DL. However, preemption can also happen in the UL, for example due to resource collision or power limitation by a UE with multiple simultaneous transmissions [5]. Similar to the DL, CBG-based UL retransmission may be caused by preemption or poor SINR. The proper RV for these two types of CBGs is different, e.g., RV=0 for preempted CBG and RV>0 for CBG retransmission due to poor SINR. When these two types CBGs are retransmitted in one PUSCH, TB-level RV indication can deteriorate HARQ combining gain. If per-CBG RV is adopted, separately optimized RV can be indicated for these two types CBGs. However, the DCI payload increases at least N bit, wherein N is the number of configured CBGs. The impact on DL coverage with increased DCI payload and potential gain by per-CBG RV indication needs further investigation. For a system with high likelihood of preemptions, CBG-based RV can be desirable. Otherwise, when preemptions are unlikely, considering the DCI overhead, TB-based RV is preferable (and when preemption occurs, the whole TB can be retransmitted). Therefore, a gNB should be able to configure whether RV is TB-based or CBG-based.  
Proposal 2: A gNB can configure whether DCI conveys CBG-level RV or TB-level RV.
CBG transmission indication

For PDSCH transmissions, a UE reports HARQ-ACK by PUCCH/PUSCH and the gNB schedules a retransmission. The maximum number of CBGs affects both the UL and DL control channel transmission efficiency. For PUSCH transmissions, the HARQ-ACK feedback and the scheduling signaling are not decoupled. With asynchronous UL scheduling, the UL grant implicitly provides HARQ-ACK feedback for PUSCH and scheduling information at the same time. How to inform a UE of CBGs that are transmitted, of CBGs that are not transmitted, and whether the transmitted CBGs are for initial transmission can be addressed by the following two options.
· Option 1: per-CBG enable/disable indication (1 bit)  +  per TB NDI indication (1 bit)
Per TB NDI is similar to LTE, i.e., toggled NDI indicates new TB transmission while untoggled NDI indicates retransmission. Which CBGs are scheduled in initial transmission or retransmission is indicated by a per-CBG enable/disable indication. In case of a retransmitted TB, disabling one CBG is equivalent to ACK indication of this CBG and enabling one CBG is equivalent to NACK indication.  
· Option 2: per-CBG NDI indication (1 bit)
To reduce DCI payload, the function of per TB NDI indication in option 1 can be replaced by joint coding of per-CBG NDI indication for all CBGs of one TB. For example, if the per-CBG NDI bits for all CBGs are toggled, this is a new TB, otherwise, if only some per-CBG NDI bits are toggled, it is a retransmitted TB. In case of retransmitted TB, CBGs associated with untoggled NDIs are retransmitted (indicating NACK) and CBGs associated with toggled NDI are not retransmitted (indicating ACK). 
For both options, the number of per-CBG indication NDI bits should be equal to the maximum configured number of CBGs or the maximum configured number of ‘HARQ-ACK’ bits (in case of variable CBGs per TB) to keep the DCI size fixed at least for retransmission. Although TB-based UL grant is sufficient for initial transmission, it is desirable to adopt the same DCI format for initial TB transmission and for CBG-based retransmission to avoid increasing PDCCH blind decoding operations.  

Proposal 3: gNB explicitly indicates HARQ-ACK and scheduling information (new or retransmission, scheduled or not scheduled) in UL grant by either option 1 or option 2.  
Proposal 4: Same DCI format is used for both initial TB transmission and CBG-based retransmission. 
3 Conclusions
In this contribution, UL scheduling for CBG-based retransmission was discussed. The proposals are,
Proposal 1: TBS/MCS is separately determined for an initial TB transmission and for CBG-based retransmissions.
Proposal 2: A gNB can configure whether DCI conveys CBG-level RV or TB-level RV.

Proposal 3: gNB explicitly indicates HARQ-ACK and scheduling information (new or retransmission, scheduled or not scheduled) in UL grant by either option 1 or option 2.  

Proposal 4: Same DCI format is used for both initial and CBG-based retransmission. 
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