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1 Introduction
From the RAN1#86bis meeting, scheduling/HARQ aspects were discussed and the following agreements related to timing indication and HARQ process were achieved [1]:
• For slot-based scheduling, NR specification should support the following

· DL data reception in slot N and corresponding acknowledgment in slot N+K1

· All UEs should support K1≥1 with exact values for K1 FFS

· Some UEs may support K1=0 (FFS conditions)

· UL assignment in slot N and corresponding uplink data transmission in slot N+K2

· All UEs should support K2≥1 with exact values for K2 FFS

· Some UEs may support K2=0 (FFS conditions)
 • Timing relationship between DL data reception and corresponding acknowledgement 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 acknowledgement

• FFS: common channels (e.g. random access)
• Timing relationship between UL assignment and corresponding UL data transmission 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 UL assignment and corresponding UL data transmission

• FFS: common channels (e.g. random access)
• NR supports operation of one DL HARQ process for some UEs
• NR supports operation of one UL HARQ process for some UEs

• FFS: Conditions on supporting above 2 bullets

• Note: This does not mean the gNB has to schedule back-to-back

• Note: This does not mean the UE has to support K1=0 and/or K2 = 0

This contribution discusses the signaling design for HARQ timing indication. Besides, this contribution will clarify the relationship between one HARQ process and back-to-back retransmission. 

2 Discussion 
2.1 Signaling design for HARQ timing
As agreed in the last meeting, multiple timing relations will be co-existed in NR, which are corresponding to services, UE capability, numerologies, and/or TDD operations etc. As shown in Fig.1, when the processing capability is higher for some UEs, self-contained properties can be supported including the short HARQ timing between DL data and the corresponding A/N, UL grant and the corresponding UL data. On the other hand, for other UEs, more processing time is needed and accordingly HARQ timing is longer. There are mainly three options for timing relationship indication, as follows:
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Fig. 1. An example of configurable HARQ-ACK timing for downlink data.
Option 1: Semi-static indication 
For semi-static indication, the timing relationship can be configured by higher signaling or predefined and associated with a service, numerology, and/or TDD operation. Similar as LTE, timing relationship is predefined according the UL/DL configurations. The timing relationship is determined by subframe number where data is received. Although the semi-static indication will reduce control signaling, it has less flexibility. 
Option 2: Dynamic indication
The timing relationship can be indicated by DCI along the data scheduling. It enables the maximum flexibility for timing indication. As discussed in [2] both semi-static operation and dynamic operation should be supported in NR. One benefit of dynamic TDD is that it can enable low latency by matching resources to the instantaneous traffic situation, which means that the “direction” (uplink or downlink) of a slot needs to change on slot basis. Therefore, indicating the HARQ timing dynamically is better considering it can adapt to change of the slot types. However, if it only relies on the DCI indication, DCI payload will be increased to enable a full flexibility.
Option 3: A combination of indication
A set of timing candidates can be configured by higher layer signaling (e.g. RRC signaling) or predefined according to services, UE capability, numerologies, and/or TDD operations etc. The timing relation of a UE is decided by the candidate set and the specific value of timing is indicated by DCI. Co-existence of multiple candidate sets is not precluded. In this way, both flexibility and less control overhead can be maintained. One example is shown in Fig. 2, two candidate sets are configured or predefined, such as one candidate set for UE1 with higher processing capability and the other candidate set for UE2 with relatively lower processing capability. When DCI is used to scheduling UE1’s or UE2’s services, the value of HARQ timing is selected from the corresponding candidate set, and indicated by the same DCI. 
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Fig. 2. An example of combination indication for timing relations between DL assignment and the corresponding ACK/NACK.
Proposal 1: A combination of indication for timing relations should be supported;
· A candidate set for timing relations can be configured by higher layer signaling or predefined;
· DCI should be used for timing relations indication.
2.2 Relation of one HARQ process and back-to-back retransmission
Multiple HARQ processes are used in LTE to improve the system efficiency and give enough scheduling flexibility. The maximum number of HARQ process is well discussed in LTE. The maximum data rate in NR is much higher than LTE. There is no reason to reduce the number of parallel HARQ processes in NR eMBB.

Proposal 2: The maximum number of HARQ processes in NR eMBB is no less than the maximum HARQ processes in LTE.
For URLLC UEs, reducing the processing delay is the key point other than the buffer capability. To do so, the parallel processing which benefit to the delay reduction is preferable. Multiple HARQ process in URLLC gives more freedom of scheduling and degree to meet the requirement of reliability, delay and system efficiency, especially for the high data rate traffic. For the low data rate URLLC, one HARQ process can be used. Since the traffic model of URLLC is not much clear yet, to keep the forward compatibility, it is necessary to support multiple HARQ process for URLLC.

In addition to the UE capability, the number of HARQ process for URLLC should consider the scheduling delay in gNB. The normal scheduling delay may be from several microseconds to several hundred milliseconds, depend on how the gNB performs the scheduling. If back-to-back retransmission is supported, the gap for retransmission would be no less than a slot or a mini-slot. UE can’t achieve its peak data rate because at least half of spectrum can’t be used. This is inefficient for system either. UEs except very low date rate UEs should support multiple HARQ processes.

Proposal 3: UEs with their full capability should support multiple HARQ processes.
Even for the URLLC UE supporting one HARQ process, it needn’t to support the back-to-back retransmission. We can see from the following figure there are two transmission opportunities even for the cross-slot retransmission.  

Proposal 4: URLLC UEs supporting one HARQ process needn’t support back-to-back retransmission.
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Figure 1. Retransmission timing for one HARQ process UE
3 Conclusions
The contribution discusses the signaling design for HARQ timing and the relation of one HARQ process and back-to-back retransmission. Based on the discussions, we have the following proposals:
Proposal 1: A combination of indication for timing relations should be supported;
· A candidate set for timing relations can be configured by higher layer signaling or predefined;
· DCI should be used for timing relations indication.
Proposal 2: The maximum number of HARQ processes in NR eMBB is no less than the maximum HARQ processes in LTE.
Proposal 3: UEs with their full capability should support multiple HARQ processes.
Proposal 4: URLLC UEs supporting one HARQ process needn’t support back-to-back retransmission.
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