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1. Introduction
At the RAN1 January AH NR meeting and RAN1 #88 meeting, following agreements and working assumption were achieved [1] – [2]:
	Agreements:
· HARQ-ACK feedback with one bit per TB is supported.
Agreements:
· RAN1 will down select following options to utilize HARQ-ACK feedback with more than one bit per TB until the next meeting
· Option 1: CB-group based re-transmission (Samsung) 
· Option 2: Decoder state information feedback (Nokia)
· Option 3: CB-level outer erasure code (Qualcomm)
· Option 4: Any combination of Option 1-3
· Other options are not precluded
· Note that if RAN1 will not reach consensus in the next meeting, no support of utilization HARQ-ACK feedback with more than one bit per TB in Rel-15
Working assumption:
· 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



In this contribution, we discuss enhanced HARQ mechanisms for NR.

2. HARQ enhancements
2.1. More than one HARQ-ACK bits for one transport block
There are some simulation results demonstrating throughput performance improvement by supporting more than one HARQ-ACK bits for one transport block [3] – [4]. In addition, RAN1 agreed to support puncturing of eMBB downlink data by a short URLLC downlink data, which is likely to result in decoding failure of a subset of CBs for a given TB. Considering these situations, support of more than one HARQ-ACK bits for one transport block can be a good approach to enable efficient HARQ re-transmission of eMBB for NR. Besides, based on the working assumption, HARQ-ACK feedback with one bit per TB can also be supported by configuring the CBG granularity is all CBs of a TB regardless of the size of the TB. Therefore, the working assumption should be confirmed.
Proposal 1:
· Following working assumption should be confirmed:
· 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
To realize the CBG-based (re)-transmission, UE needs to know which CBGs are re-transmitted. One simple way is to indicate which CBGs are re-transmitted by the scheduling DCI. For re-transmission, following two options are considered:
Option 2.1-1: Only error CBGs are re-transmitted over a slot
The HARQ process ID of the TB will not be released as long as all the CBGs are correctly decoded. For the re-transmission, only CBGs that need to be re-transmitted are transmitted as shown in Fig. 1(a). The gNB can schedule PRBs or adjust MCS such that the amount of scheduled resources is appropriate for the re-transmission of error CBGs. It is also possible to schedule large amount of PRBs even if the amount of re-transmitted data is small, so that different RVs or repetitions can be applied in the single re-transmission of error CBGs.
Option 2.1-2: In addition to error CBGs, new CBGs are transmitted over a slot
[bookmark: _GoBack]For the re-transmission of some CBGs, new data CBGs are multiplexed in the same transmission. For this, TB-based HARQ assignment may not work well. New HARQ mechanisms would be necessary for this option.
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(a) Option 2.1-1				(b) Option 2.1-2
Fig. 1	CB/CBG-based re-transmission over a slot.
According to our understanding, Option 2.1-2 is difficult to be realized based on the current working assumption as it only allows CBG based (re)-transmission for the same TB of a HARQ process. Besides, it requires new HARQ mechanisms including MAC and PHY layers. Hence, it would not be feasible to be specified at the first release of NR. 


2.2. HARQ process sharing between slot-level data and mini-slot level data 
Re-transmission of some CBG(s) may not require huge amount of resources compared to initial transmission of a TB. Therefore, instead of re-transmitting CBG(s) using one whole slot, it should also be possible to schedule re-transmission using a mini-slot. This enables further efficient and flexible radio resource utilization and reduces the latency. For the mini-slot-level re-transmission, following two options can be considered.
Option 2.2-1: TB scheduled over a slot is re-transmitted over a mini-slot (not CBG-based re-transmission)
For this, it is expected that the re-transmission may require larger amount of frequency resources compared to the initial transmission using slot, while reducing the amount of time-domain resources. Therefore, remaining time duration can be used for transmitting other data.
Option 2.2-2: CBGs in a TB scheduled over a slot for initial transmission is re-transmitted over a mini-slot
For this, gNB can schedule re-transmission of CBG(s) over a mini-slot with a certain amount of frequency resources. If higher coding gain is preferable, larger amount of frequency resources should be scheduled for the re-transmission. If efficient resource utilization is preferable, appropriate amount of resources can be scheduled. In either option, duration of the re-transmission is much shorter than the initial transmission. Therefore, remaining time duration can be used for transmitting other data. 
In case of option 2.2-2, further flexible HARQ operation can be realized. Example 1 of Fig. 3 shows the case where initial TB transmission includes 4 CBGs, and re-transmission for two or them is done by using mini-slots. For the remaining time resource, additional two CBGs are scheduled by using mini-slots. Comparing the example 1 of Fig. 3 with option 2.1-2, same resource utilization is realized. In other words, equivalent to option 2.1-2 can be realized by option 2.2-2 without changing basic HARQ mechanisms. Other ways of resource utilization are also possible as seen in examples 2 and 3 of Fig. 3.
For this operation, it is necessary to enable HARQ process ID sharing between slot-level scheduling and mini-slot-level scheduling. In other words, based on this function, it is possible to realize equivalent operation to option 2.1-2 in section 2.1 (see example 1 of Fig. 3). 
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(a) Option 2.2-1				(b) Option 2.2-2
Fig. 2	CB/CBG-based re-transmission over a mini-slot.
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Fig. 3	Mini-slot based re-transmission for slot based initial transmission.

Proposal 2:
· To support CB/CBG-based HARQ re-transmission.
· In case of TB-level scheduling, CB/CBG-index needs to be included in the scheduling DCI.
· HARQ process sharing between slot-level and mini-slot-level scheduling should be also considered.
· This enables TB/CB/CBG-based HARQ re-transmission by using mini-slot.

RAN1 so far agreed to support slot-aggregation. Whether one TB spans multiple slots or each TB spans each slot of aggregated slots is not decided yet. In either case, the above mechanism should be scaled for slot-aggregation; part of data scheduled over aggregated slots should be able to be re-transmitted using one slot. 
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Fig. 4	Slot based re-transmission for aggregated slots based initial transmission.

Proposal 3:
· Mini-slot based TB/CB/CBG-level HARQ re-transmission for slot-level initial transmission should be scaled to slot based TB/CB/CBG-level HARQ re-transmission for aggregated-slots-level initial transmission. 

3. Conclusion
In this contribution, we discussed HARQ enhancements for NR and proposed the following.
Proposal 1:
· Following working assumption should be confirmed:
· 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
Proposal 2:
· To support CB/CBG-based HARQ re-transmission.
· In case of TB-level scheduling, CB/CBG-index needs to be included in the scheduling DCI.
· HARQ process sharing between slot-level and mini-slot-level scheduling should be also considered.
· This enables TB/CB/CBG-based HARQ re-transmission by using mini-slot.
Proposal 3:
· Mini-slot based TB/CB/CBG-level HARQ re-transmission for slot-level initial transmission should be scaled to slot based TB/CB/CBG-level HARQ re-transmission for aggregated-slots-level initial transmission. 
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