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1 Introduction

In RAN1#86 meeting[1] and NR Ad-Hoc meeting [2], the following agreements were achieved about HARQ timing design: 
Agreements:
· NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation

· The assigned DL/UL transmission direction can be signalled to UE by higher layer signalling

Agreements:
· Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values 
· The set of values is configured by higher layer
· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· Timing between DL data reception and corresponding acknowledgement is indicated by a field in  the DCI from a set of values
· The set of values is configured by higher layer
· Timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE

· FFS the value for the timing

Agreements:
· From UE signaling perspective,
· The higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR can achieve at least the followings
· A periodicity where the configuration applies; 
· FFS: Detailed periodicity set; 
· FFS: how to achieve the signaling of periodicity

· A subset of resources with fixed DL transmission;
· FFS: The subset of resources can be assigned in granularity of slot and/or symbol;
· A subset of resources with fixed UL transmission;
· Resources with fixed UL transmission happens in the ending part of the periodicity is supported;
· FFS: The subset of resources can be assigned in granularity of slot and/or symbol;
In this contribution, we will discuss how to indicate HARQ timing for semi-static DL/UL assignment. 
2 Discussion on timing design for semi-static DL/UL assignment
For TDD operation with semi-static statically assigned DL/UL transmission, it is suggested to support one operation for the HARQ timing that the related timing relationship can be indicated by RRC signaling without DCI indication, so as to reduce DCI overhead. Compared with LTE whose timing relationship is fixed by specification, such indication by RRC signaling can provide more flexibility, and the timing relationship can be dedicated configured to UEs with different capabilities. Regarding to the signaling, since it has been agreed that the semi-static assignment of DL/UL transmission direction for NR include a periodicity, a subset of resources with fixed DL transmission and also for fixed UL transmission, one possible solution is to signal a timing indication for each scheduling granularity in the period for semi-static DL/UL transmission, i.e., the timing pattern for each downlink time resource in one periodicity can be signaled by RRC signalling. For non-transmitted time resource, such as guard period, blank or reserved sources, the RRC signaling can be omitted.
Proposal 1: It is suggested to support one operation for semi-static DL/UL transmission that the timing relationship is signaled by higher-layer signalling without DCI indication to reduce overhead. One possible solution is to signal a timing indication for each scheduling granularity in the period for semi-static DL/UL transmission.
For simplicity, the time resource mentioned above can be regarded as a slot. Considering the limitation of latency requirement, the maximum time difference between PDCCH and PUSCH should be restricted. Similarly, considering the limitation of latency requirement and HARQ process number, the maximum time difference between PDSCH and PUCCH should be restricted. It means that UE should transmit PUSCH and feedback ACK/NACK within a certain number of slots. Periodic appeared uplink slots are helpful to ensure PUSCH transmission and HARQ feedback within a certain number of slots. 
In NR, UE supports a set of minimum HARQ processing time, and the HARQ processing time at least includes delay between DL data reception timing to the corresponding HARQ-ACK transmission timing

and delay between UL grant reception timing to the corresponding UL data transmission timing. 

To make sure that PUSCH data and downlink ACK/NACK could be transmitted on semi-static UL slots based on proposal 1, the following options for UL grant scheduling timing and downlink HARQ-ACK feedback timing are discussed. 
Option 1: Similar as LTE, the k is signaled as the timing difference from DL to UL 
1) The timing can be signalled in the form of the number of slots.
 For example, as shown in Figure 1, there are 10 slots in one periodicity. Considering the timing pattern for the downlink slots, the value of k could be explicitly configured as {7,6,6,5,5,4}  by higher layer.
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Figure 1: Example of HARQ timing(1)
2) The timing can also be signalled  in the form of the number of subframes(k1)+slots(k2). If necessary, the frame number can also be additionally signaled. 
Such indication is particularly useful for the case where DL and UL using different numerologies, which is complicated to determine a single reference granularity for indicating the timing in the form of slots. For example, as shown in Figure 2. There are 10 slots in one periodicity. Considering the timing pattern for the downlink slots, the value of k1 could be explicitly configured as {3,3,3,3,2,2} subframes by higher layer, the value of k2 could be configured as {1,1,0,0,1,1}slot by higher layer.
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Figure 2: Example of HARQ timing(2)
Option 2: high layer could configure the index of uplink slot used for PUSCH transmission and ACK/NACK feedback directly.

1) The index can be slot index. 
For example, as shown in Figure 3, there are 10 slots in one periodicity. Considering the timing pattern for the downlink slots, the available uplink slot index could be configured as an absolute value{7,7,8,8,9,9} by higher layer.
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Figure 3: Example of HARQ timing(1)
2) The index can be the combination of subframe (k1) and slot index(k2). If necessary, the frame index can also be additionally signaled.
Such indication is particularly useful for the case where DL and UL using different numerologies, which is complicated to determine a single reference granularity for indicating the timing in the form of slots. For example, as shown in Figure 4.  There are 10 slots in one periodicity. Considering the timing pattern for the downlink slots, the available subframe index could be configured as an absolute value{3,3,4,4,4,4} by higher layer , and the value of k2 could be configured as {1,1,0,0,1,1}slot by higher layer.
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Figure 4: Example of HARQ timing(2)
Proposal 2: Considering two options for signalling the timing relationship by higher-layer signaling, option1: similar as LTE, the k is signaled as the timing difference from DL to UL; option2: high layer could configure the index of uplink slot used for PUSCH transmission and ACK/NACK feedback directly. 
3 Conclusions

In this contribution, we discussed the necessity and schemes of indicating HARQ timing for semi-static DL/UL assignment. In detail, the following is proposed:  
Proposal 1: It is suggested to support one operation for semi-static DL/UL transmission that the timing relationship is signaled by higher-layer signalling without DCI indication to reduce overhead. One possible solution is to signal a timing indication for each scheduling granularity in the period for semi-static DL/UL transmission.
Proposal 2: Considering two options for signalling the timing relationship by higher-layer signaling, option1: similar as LTE, the k is signaled as the timing difference from DL to UL, option2: high layer could configure the index of uplink slot used for PUSCH transmission and ACK/NACK feedback directly. 
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