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1 Introduction
In the RAN1#85 meeting and #86 meeting, frame structure for new radio (NR) was discussed and the following agreements related to timing relations were achieved [1][2]:
· NR design should strive at least to enable the possibility for

· Corresponding acknowledgement reporting shortly (in the order of X µs) after the end of the DL data transmission

· Corresponding uplink data transmission shortly (in the order of Y µs) after reception of UL assignment

· Note: may depend on e.g. UE capability/category, payload size, etc

· FFS: X and Y in the order of a few tens of or hundreds of micro sec is feasible

· Other mechanisms/configurations in addition to fast/short corresponding acknowledgement are needed

· For example to provide coverage or enable TD-LTE coexistence
· NR design should strive to enable the possibility for

· Corresponding retransmission shortly (in the order of Z µs) after the end of acknowledgement reporting
· FFS: Z in the order of a few tens of or hundreds of micro sec is feasible
· Following timing relationship is FFS whether fixed and/or dynamically and/or semi-statically indicated

· Timing relationship between DL assignment and corresponding DL data reception
· NR should support at least asynchronous hybrid ARQ in the DL and UL to avoid fixed timing relationship between initial transmission and re-transmission
· From UE perspective, HARQ ACK/NACK feedback for multiple DL transmissions in time can be transmitted in one UL data/control region is supported
· Some or all of the following timing relationships can be indicated to a UE dynamically or semi-statically by the L1 DL signaling (FFS: explicit or implicit)

· Timing relationship between DL data reception and corresponding acknowledgement

· Timing relationship between UL assignment and corresponding UL data transmission

The contribution discusses the timing relations for NR, firstly discusses short HARQ timing which is related to the value of X/Y/Z, then discusses configurable HARQ timing and number of HARQ processes for NR. HARQ-ACK feedback mechanism for uplink grant-free transmission is also discussed.   
2 Discussion     
2.1 Short HARQ timing  
The value of X, Y and Z depends on many factors like DL/UL RF switching time, coverage, processing capability and payload size. For example, a large packet size requires longer time for processing, and it would be hard for UE to reply ACK/NACK within a very short time. It can be expected that various processing requirements would exist in NR. However, NR design should at least enable the possibility of short HARQ timing. On the one hand short HARQ timing can be allowed for some special cases, e.g. small packet size for UEs with high processing capability. On the other hand, better support of forward compatibility considering it is possible that better processing capability can be achieved in the future. 

According to 802.11ac, a possible response frame is about 16us after the end of a frame. NR can try to achieve a similar value. The minimum values of X and Y should be in the order of a few tens of microseconds because it is very helpful to achieve low latency in NR. However, it is possible that the minimum value of Z can be in the order of hundreds of microseconds, because it doesn’t contribute a lot to latency since the retransmission probability is only about 10%. 
Proposal 1: NR should aim to enable the possibility of X and Y in the order of a few tens of microseconds, and Z in the order of hundreds of microseconds.  
Frame structure is fundamental for NR. As discussed in [3], DL-dominant slot and UL-dominant slot should be supported in NR. In order to enable the possibility of X and Y in the order of a few tens of microseconds, NR should support the time relations as below as shown in Fig. 1:
· DL data and the corresponding A/N in the same slot
· UL grant and the corresponding UL data in the same slot
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Fig. 1. Example of short HARQ timing.
That is, NR should support self-contained slot as discussed in [3]. In the RAN1 #85 meeting and RAN1 #86 meeting, it was agreed that the timing relationship between DL data reception and corresponding acknowledgement and the timing relationship between UL assignment and corresponding UL data transmission are indicated to a UE dynamically and/or semi-statically, therefore, NR should enable the possibility of indicating the corresponding HARQ-ACK to be transmitted on the UL transmission part within the same  slot and indicating the corresponding UL data transmission on the UL transmission part within the same slot. 
Proposal 2: NR should aim to enable the possibility of indicating the following time relations to a UE dynamically and/or semi-statically. 
· DL data and the corresponding A/N in the same slot 
· UL grant and the corresponding UL data in the same slot
As discussed above, the minimum value of Z can be in the order of hundreds of microseconds. That is, the corresponding retransmission is performed at the earliest one slot later, for both downlink and uplink. An example is shown in Fig. 2. 
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Fig. 2. Example of HARQ timing for DL retransmission.
Proposal 3: NR should aim to enable the possibility of retransmission in slot n+2 corresponding to the initial transmission in slot n, for both DL and UL. 

However, it can be expected that whether the short HARQ timing can be achieved may depend on many factors like the transmitted packet size and the UE capability. Therefore, NR should allow UE to report whether it can achieve this and possibly also report the corresponding transmitted packet size.  
Proposal 4: UE capability report on the following aspects can be considered in NR. 
· DL data and the corresponding A/N in the same slot
· UL grant and the corresponding UL data in the same slot
· Retransmission in slot n+2 corresponding to the initial transmission in slot n
2.2 Configurable HARQ timing  
Configurable HARQ timing should be supported for different services and/or different UE processing capability.
Timing relations between DL data and the corresponding HARQ-ACK feedback
An example of configurable HARQ timing is shown in Fig. 3. For low latency service or small packet transmission, 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. For non-critical eMBB service or large packet transmission, more processing time is needed and accordingly HARQ timing is longer. 
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Fig. 3. An example of configurable HARQ-ACK timing for downlink data.
Option 1: The HARQ timing can be indicated semi-statically (RRC signaling)
The candidate HARQ-ACK timing can include a first HARQ-ACK timing and a second HARQ-ACK timing. The first timing configuration corresponds to PUCCH transmission in the way of self-contained slot. The second timing configuration corresponds to PUCCH transmission in a subsequent uplink slot or UL-dominant slot. The second HARQ timing can be used for cases like coverage enhancement, low UE capability and/or big packet size
Option 2: The HARQ timing can be indicated dynamically (e.g. by DCI)
If a UE receives a DL data transmission in slot n, the corresponding HARQ-ACK will be feedback in slot n+k. A field in the DCI is used to indicate the value of k, including the possibility of k=0. 
As discussed in [4], 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, it may increase the DCI payload. For semi-static operation, indicating the HARQ timing semi-statically can be considered to avoid increasing the DCI payload.     
Timing relations between DL assignment and the corresponding DL transmission 
Regarding the timing relations between DL assignment and the corresponding DL transmission, it is straightforward to support that the DL assignment and the corresponding DL transmission are in the same slot. However, it may be beneficial to support that the DL assignment and the corresponding DL transmission are in different slots. This could enable maximizing the utilization of DL control resource in UL-dominant slot as shown in Fig. 4.   
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Fig. 4. An example of timing relations between DL assignment and the corresponding DL transmission.
If DL assignment and the corresponding DL transmission in different slots are supported, configurable HARQ timing for DL assignment and the corresponding DL transmission can be supported also, which can be indicated semi-statically or dynamically (e.g. by DCI) similar as that for the timing relations between DL data reception and corresponding acknowledgement. 
Timing relations between UL grant and the corresponding UL transmission 
As discussed in section 2.1, UL grant and corresponding UL data in the same slot should be supported. In addition, a longer HARQ timing should also be supported considering different UE processing capability, different packet size and possible different requirement on the latency. Therefore, configurable HARQ timing between UL grant and the corresponding UL transmission should be supported, which can be indicated semi-statically or dynamically (e.g. by DCI) similar as that for the timing relations between DL data reception and corresponding acknowledgement. 
Proposal 5: Both semi-statically signaling and dynamic signaling for indicating the following timing relations should be supported in NR, where the semi-static signaling is used for semi-static operation and the dynamic signaling is used for dynamic operation:

· Timing relationship between DL data reception and corresponding acknowledgement

· Timing relationship between UL assignment and corresponding UL data transmission
· Timing relationship between DL assignment and corresponding DL data reception
2.3 The minimum number of HARQ processes
The minimum number of HARQ processes depends on the time between the initial transmission and the corresponding retransmission. As discussed in section 2.1, the earliest retransmission can happen at slot n+2, when the initial transmission is at slot n. Thus, the minimum number of HARQ processes for both TDD and FDD will be 2 at least.  
Moreover, as discussed in section 2.2, configurable HARQ timing should be supported for different services and/or different UE processing capability. That is, it is possible that the retransmission may happen in a slot after slot n+2, when the initial transmission is at slot n. Therefore, the number of HARQ processes may be more than 2 in this case.    
Proposal 7: At least more than one HARQ processes should be supported. 
2.4 HARQ-ACK feedback mechanism for uplink grant-free transmission  
In the RAN1 #85 meeting, it was agreed that NR should support at least asynchronous hybrid ARQ in the DL and UL to avoid fixed timing relationship between initial transmission and re-transmission. For uplink transmission, asynchronous hybrid ARQ can be used for both uplink scheduled transmission (i.e. scheduled by dynamically signaling, e.g. UL grant) and grant-free transmission.  For uplink scheduled transmission, HARQ-ACK feedback mechanism for uplink transmission is not necessary since the corresponding functionality can be achieved by the new data indicator in UL grant. However, for uplink grant-free transmission, the UL grant is not available. As discussed in [5], in order to enable hybrid ARQ mechanism, HARQ-ACK feedback mechanism for uplink grant-free transmission is needed and details can be studied further.
Proposal 8: HARQ-ACK feedback mechanism for uplink grant-free transmission is needed. 
3 Conclusions
The contribution discusses the timing relations for NR, firstly discusses short HARQ timing which is related to the value of X/Y/Z, then discusses configurable HARQ timing and number of HARQ processes for NR. HARQ-ACK feedback mechanism for uplink grant-free transmission is also discussed. Based on the discussion, we have the following proposals:

 Proposal 1: NR should aim to enable the possibility of X and Y in the order of a few tens of microseconds, and Z in the order of hundreds of microseconds.  
Proposal 2: NR should aim to enable the possibility of indicating the following time relations to a UE dynamically and/or semi-statically. 
· DL data and the corresponding A/N in the same slot 
· UL grant and the corresponding UL data in the same slot
Proposal 3: NR should aim to enable the possibility of retransmission in slot n+2 corresponding to the initial transmission in slot n, for both DL and UL. 

Proposal 4: UE capability report on the following aspects can be considered in NR. 
· DL data and the corresponding A/N in the same slot
· UL grant and the corresponding UL data in the same slot
· Retransmission in slot n+2 corresponding to the initial transmission in slot n.
Proposal 5: Both semi-statically signaling and dynamic signaling for indicating the following timing relations should be supported in NR, where the semi-static signaling is used for semi-static operation and the dynamic signaling is used for dynamic operation:

· Timing relationship between DL data reception and corresponding acknowledgement

· Timing relationship between UL assignment and corresponding UL data transmission
· Timing relationship between DL assignment and corresponding DL data reception
Proposal 7: At least more than one HARQ processes should be supported. 
Proposal 8: HARQ-ACK feedback mechanism for uplink grant-free transmission is needed. 
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