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1 Introduction
The SID on "Study on New Radio Access Technology" was approved [1] at RAN #71 meeting. One of the considerations for New Radio (NR) design is to support the diverse services with different requirements such as eMBB, URLLC and mMTC. In the previous RAN1 and RAN2 meetings there have been some agreements related to HARQ aspects across the different agenda items as summarized in [2]. The agreements are also captured below for reference.
	Agreements in RAN1:
· Timing between data transmission and corresponding HARQ A/N is indicated explicitly

· FFS if implicit indication is supported in some cases
…
· From UE perspective, HARQ ACK/NACK feedback for multiple DL transmissions in time can be transmitted in one UL data/control region is supported.
…
· Channel coding technique(s) designed for data channels of NR support both Incremental Redundancy (IR) (or similar) and Chase Combining (CC) HARQ
…
Agreements in RAN2:
· With regards to HARQ operation, RAN2 agreed that from MAC perspective it is preferable for NR to support only asynchronous HARQ in UL and DL.



In this contribution, we will present some considerations for HARQ mechanism in NR to fulfil the NR requirements with support of different services, following the agreements in 3GPP.  
2 Discussion
For HARQ mechanism, there are several aspects to be considered in system design for NR as listed below:
Support of HARQ for URLLC
For URLLC, it is unclear whether HARQ should be supported due to the low latency requirement and reliability of the control channels. The retransmission of the data can improve the reliability and performance of the data channel due to soft combining. However, each URLLC data retransmission during HARQ operation also relies on the reliable A/N feedback and robust control channel transmission in addition to the increased latency introduced by HARQ operation. In particular, A/N feedback and control channel for scheduling grant can’t be applied with any soft combing during the data retransmission for performance improvement. Thus, whether to support HARQ for URLLC should be carefully studied.

Proposal 1: Support of HARQ for URLLC is FFS considering the latency issue and the reliability of control channels (e.g., A/N and scheduling grants).
Asynchronous and/or synchronous HARQ

According to RAN2 agreements, it has expressed the view that it is preferable for NR to support only asynchronous HARQ in UL and DL from MAC perspective. From RAN1 perspective, support of the forward compatibility it is desirable to support flexible timing considering the forward compatibility. Regarding to HARQ, it means the flexible timing between the data channel and the corresponding A/N and the flexible timing between A/N and the corresponding retransmission. Thus, it is clear that asynchronous HARQ should be supported at least for eMBB/mMTC. 

Proposal 2: Asynchronous HARQ should be supported at least for eMBB and mMTC.
Support of synchronous HARQ may bring the benefits on reduction of the signalling overhead. However, synchronous HARQ with fixed timing relations between control channel, data channel and A/N may impose some restrictions on scheduling flexibility and forward compatibility for NR system. Actually, synchronous and adaptive HARQ may not reduce the signalling overhead significantly because only a few bits in DCI for indication of HARQ process number can be saved. Moreover, in case of synchronous and non-adaptive HARQ (mostly for UL), it may require the introduction of the new channel (similarly to PHICH in LTE) for efficiency, which will complicate the system design. Instead, support of only asynchronous HARQ may just reuse the DCI of the control channel to carry the control information for retransmission, which can avoid the introduction of a new channel. Thus, there is a tradeoff between signalling overhead, scheduling flexibility, forward compatibility and system complexity for consideration in the design.
Proposal 3: Support of synchronous HARQ is FFS due to the tradeoff between signalling overhead, scheduling flexibility, forward compatibility and system complexity.

Adaptive and/or non-adaptive HARQ
Case 1: Asynchronous and adaptive HARQ

It is clear that asynchronous and adaptive HARQ should be supported considering the scheduling flexibility and channel adaptation. 
Case 2: Synchronous and adaptive HARQ

For synchronous and adaptive HARQ, there seems not much difference on the system design expect the potential fewer bits for DCI as discussed early. Moreover, if the new DCI with just a few less bits is introduced, it may cause the complexity for UE to do more blind detection. Instead, if the new DCI is not introduced, the signalling overhead is not really reduced so that the benefit is not much. On the other hand, the synchronous and adaptive HARQ can be covered by asynchronous and adaptive HARQ. So the support of synchronous and adaptive HARQ can be up to implementation assuming the same DCI size is used for asynchronous and adaptive HARQ. 

Observation 1: Synchronous and adaptive HARQ can be implemented by asynchronous and adaptive HARQ.

Case 3: Synchronous and non-adaptive HARQ

For synchronous and non-adaptive HARQ, it has been used in LTE for uplink to save the signalling overhead. However, as discussed in the previous section, there is the issue on the flexibility, forward compatibility and system complexity. 
Proposal 4: Asynchronous and adaptive HARQ should be supported at least for eMBB and mMTC in the normal coverage.

Case 4: Asynchronous and non-adaptive HARQ

For asynchronous and non-adaptive HARQ, it could be applied for some cases, e.g., mMTC in the extended coverage. In the extended coverage case, the MCS will be relatively fixed due to power and MCS limitation, whereas the repetitions are varying according to the channel condition. Thus, it is expected to reduce the UE power consumption by introducing a smaller DCI for the extended coverage with the minor impact on the data channel performance. 
Proposal 5: Asynchronous and non-adaptive HARQ can be considered for mMTC in the extended coverage. 
HARQ process number for eMBB
HARQ timing has been discussed extensively in the previous RAN1 meetings. In a companion contribution [3], more details are given for timing relation analysis. According to Figure A.1 and Figure A.2 in the appendix extracted from [3], we can further derive the HARQ RTT for eMBB DL and UL. Accordingly, the maximum number of HARQ processes and the max slot time taking into account the average HARQ delay (10% error rate with up to 2 transmissions) can be summarized as Table 1.
Table 1. Max Number of HARQ processes for eMBB in DL and UL
	 
	Succeed at 1st Tx
	Succeed at 2nd Txs
	RTT
	Max slot time inc. HARQ delay (ms)
	Max Number of 

HARQ processes

	DL
	4 slots
	7 Slots
	3 slots
N->N+2 (DL Control/Data -> A/N)
N -> N+1 (A/N -> DL Control/Data)
	0.93
	3

	UL
	6.5 slots
	10.5 slots
	4 slots
N->N+2 (UL Data -> NAK or control)
N->N+2 (NAK or Control -> UL data)
	0.58
	4


HARQ Enhancement for eMBB

Higher spectral efficiency is one the important targets for NR. Retransmissions required to recover a lost data transport block (TB) will occupy transmission resource and cause spectral efficiency loss. When the TB size becomes larger, the penalty will increase accordingly. Because of the common agreement of large carrier BW and high order MIMO for NR, the transport block size is expected to be significantly scaled w.r.t. the increased data RE number and spatial layer number. Thus, there is a strong demand on enhanced handing for error transmissions in NR.

In our companion contribution [4], one solution was proposed to allow finer ACK/NACK partition inside a TB for improving HARQ retransmission efficiency. For example, a TB data can be factored into two partitions with independent ACK/NACK. It can be readily seen, with the finer ACK/NACK partition, eNodeB can save retransmissions on correct data. In addition to reducing retransmission penalty, it can also achieve better resource utilization are also provided.
When the physical channel is able to carry more data than the reduced retransmission data, it can further multiplex retransmission data with new transmission data of another HARQ in the same transmission, as illustrated in Figure 1. In this way, the efficiency of each transmission can be enhanced.
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Figure 1. Illustration of HARQ mechanism based on finer ACK/NACK
Proposal 6: Finer ACK/NACK based HARQ retransmission mechanism should be considered for study.

HARQ support for mMTC with coverage extension
For mMTC with coverage extension, the repetitions combined with HARQ retransmission are inevitable to achieve the coverage target. Longer duration of HARQ transmission with repetitions means more active time for UE and the larger power consumption. So, it will be beneficial if mMTC UEs in extended coverage can receive ACK/NACK indication as soon as possible and at the earlier stage, for example, within one subframe or a limited number of subframes. Once UE receives the feedback, it can stop the remaining repetitions for power saving. 

Additionally, eNB can have an estimation of cumulated SNR, and it will improve resource efficiency if a retransmission is implemented with a different repetition number from a fixed repetition. A new HARQ re-transmission will require a smaller number of repetitions based on the estimated cumulated SNR. Therefore it will be helpful to indicate an exact number of repetitions in HARQ retransmission for avoidance of the unnecessary repetitions. Also, it can reduce UE power consumption. Hence, UL HARQ for mMTC UEs with coverage enhancement should support dynamic repetitions in HARQ retransmissions by obtaining a repetition number from eNB. For example, for the first HARQ transmission, the number of repetitions can be given based on a coarse link adaptation. And in the HARQ retransmissions, the repetition numbers can be fine-tuned based on the instantaneous channel information. This dynamic repetition in HARQ operation can reduce the resource overhead and power consumption significantly. It should be noticed that PUSCH transmission is a bottleneck for UE power consumption.   

Proposal 7: Early termination of repetitions for mMTC in extended coverage during HARQ operation should be considered for study in HARQ operation. 

3 Conclusion
In this contribution, we provided more discussion on the forward compatible design for 5G system. Based on the discussion, the following observations and proposals are given for consideration.
Observation 1: Synchronous and adaptive HARQ can be implemented by asynchronous and adaptive HARQ.

Proposal 1: Support of HARQ for URLLC is FFS considering the latency issue and the reliability of control channels (e.g., A/N and scheduling grants).
Proposal 2: Asynchronous HARQ should be supported at least for eMBB and mMTC.
Proposal 3: Support of synchronous HARQ is FFS due to the tradeoff between signalling overhead, scheduling flexibility, forward compatibility and system complexity.

Proposal 4: Asynchronous and adaptive HARQ should be supported at least for eMBB and mMTC in the normal coverage.

Proposal 5: Asynchronous and non-adaptive HARQ can be considered for mMTC in the extended coverage. 
Proposal 6: Finer ACK/NACK based HARQ retransmission mechanism should be considered for study.

Proposal 7: Early termination of repetitions for mMTC in extended coverage during HARQ operation should be considered for study in HARQ operation. 
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Figure A.1. DL latency analysis for eMBB, assuming slot N→(N+2) timing relationship
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Figure A.2. UL latency analysis for eMBB, assuming slot N→(N+2) timing relationship
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