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1 Introduction

RAN2#95 agreed that it is preferable for NR to support only asynchronous HARQ in UL and DL, in which there is no restriction of retransmission timing.
In RAN1 #86 bis, it has further agreed that: 
· Timing relationship between DL data reception and corresponding acknowledgment can be (one or more of, FFS which ones)

· dynamically indicated by L1 signaling (e.g., DCI)

· semi-statically indicated to a UE via higher layer

· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)

· FFS: minimum interval between DL data reception and corresponding acknowledgment
· FFS: common channels (e.g. random access)
In this paper, we mainly discuss how HARQ operation could be from RAN2 perspective. Based on the discussion, some issues and possible solutions are summarized.
2 Discussion
2.1 Asynchronous HARQ in NR
It was agreed that NR would only adopt asynchronous HARQ for both downlink and uplink, for which the retransmission occurs anytime after the previous transmission. In LTE, asynchronous HARQ is already used, the HARQ process ID together with new data indicator (NDI) and transport block size (TBS) is explicitly indicated in the DCI carried by PDCCH. For LTE uplink (except for NB-IOT and LAA), it is, however, synchronous HARQ meaning that the retransmission can only occur on the fixed time after the previous transmission. The intention was for reducing the signaling overhead since the HARQ process ID can be derived from the subframe number so that there is no need to explicitly signal the HARQ process ID in the DCI. For NR uplink asynchronous HARQ, it could be designed by taking the LTE downlink asynchronous HARQ as a baseline. The HARQ process ID should also be explicitly indicated in the uplink grant when the uplink transmission is scheduled.
Proposal 1 NR uplink asynchronous HARQ could take the LTE downlink asynchronous HARQ as a baseline, the HARQ process ID should be explicitly indicated.
2.2 Feedback for asynchronous uplink HARQ

The asynchronous HARQ is motivated by its flexibility to allow various retransmission timing which is enabled by the dynamic scheduling of the network. This is also implied that the UE always follow the DCI in PDCCH for retransmission. So, it’s possible that PHICH based explicit feedback could be removed and using NDI in DCI to implicitly indicate the HARQ retransmission. This, however, means that UE will lose the opportunity to clearly know the situation of network decoding. As shown in Figure 1, the new data transmission and retransmission are both scheduled by the network. The UE can have the knowledge of decoding result from the scheduling information, i.e., if new transmission is scheduled by the network, it means the success of decoding otherwise the failure of decoding. The UE can always get the feedback information as long as the network keeps scheduling the UE. However, for the last data, the network will stop scheduling when the data is decoded successfully. So the UE can not get the decoding status “on time” until a certain of decoding timer is expired, e.g., the drxRetransmissionTimer.
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Figure 1 An example of uplink grant based downlink implicit feedback

Besides the unknown status for the last scheduled data transmission, the UE is not aware of the decoding results for non-scheduled data transmission, e.g., contention based transmission. Since the retransmission is always scheduled by the uplink grant, the UE will not get any feedback information either if the contention fails. In this case, the explicit feedback would be needed to indicate whether there is decoding failure or the contention failure on the network side.
Observation 1 Implicit downlink feedback by uplink scheduling grant is not enough in NR.

In NR, based on the progress of HARQ discussion in RAN1, the HARQ operation in RAN2 may be modified if needed. We would like to ask RAN2 to consider this feedback issue when designing HARQ operation.

Proposal 2 Besides using the uplink grant as implicit feedback, NR should introduce an explicit downlink feedback

Besides using the control channel to transmit the explicit downlink feedback, e.g., PHICH in LTE, one could even consider using the data channel to carry the feedback information. It could increase the reliability and flexibility since more feedback bits with CRC can be designed. One way is that these feedback information bits could be carried by a new defined MAC CE, which could be multiplexed with downlink data if available. In this case, the MAC CE does not need to be scheduled by extra control signaling. By using MAC CE, more feedback information could be added, e.g., ACK/NACK, HARQ process ID and even uplink grant for retransmission. In addition, several MAC CEs for different UEs could be multiplexed into one single MAC PDU, and a single control channel with a newly defined identity, e.g., a common RNTI, is used to indicate the MAC PDU transmission. In this way, the control signaling originally used to indicate each separate UE feedback can be saved. 
Proposal 3 MAC CE could be used for carrying downlink feedback information bits.

2.3 HARQ operation for multiple numerologies

It was agreed in NR RAN1 #84bis meeting that multiple numerologies should be supported, either within the same carrier or on different carriers. Different numerologies have different TTI durations which are visible to the MAC layer. It was further agreed that different numerologies within the same carrier can be multiplexed using TDM. There are several impacts of the multiple numerologies to the HARQ operation: 

Firstly, the time domain is divided by different numerologies with different TTI durations, one HARQ process may span over several numerologies. If one HARQ process is restricted to operate only in the same numerology, it would increase the delay of HARQ transmission. For example, as shown in Figure 2, there are two types of numerologies multiplexed in the time domain: N1 and N2. If we assume HARQ retransmission can only occur on the same numerology, the retransmission would wait until the start of the same numerology, which unnecessarily increase the transmission delay.
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Figure 2 TDM of multiple numerologies within the same carrier
Proposal 4 The retransmission for the same HARQ process should support cross-numerology operation at least for TDM case.
The second impact is the setting of the DRX timer parameters. In LTE, there is only one numerology which is 1ms TTI duration or subframe, the DRX timer is based on the unified length of 1ms subframe. In NR, if we still use the 1ms as the unit of DRX timer setting, there could be some issues. For example, as shown in Figure 3, TTI n has twice TTI length than that of TTI m, if retransmission can occur on different numerology (the problem still exist if retransmission can occur on the same numerology), the HARQ retransmission could be ignored by the UE because of wrong HARQ RTT Timer setting. 
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Figure 3 An illustration of HARQ related wrong DRX timer setting

Proposal 5 The DRX timer parameters regarding HARQ operation should be studied in NR.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
Implicit downlink feedback by uplink scheduling grant is not enough in NR.
Proposal 1
NR uplink asynchronous HARQ could take the LTE downlink asynchronous HARQ as a baseline, the HARQ process ID should be explicitly indicated.
Proposal 2
Besides using the uplink grant as implicit feedback, NR should introduce an explicit downlink feedback
Proposal 3
MAC CE could be used for carrying downlink feedback information bits.
Proposal 4
The retransmission for the same HARQ process should support cross-numerology operation at least for TDM case.
Proposal 5
The DRX timer parameters regarding HARQ operation should be studied in NR.
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