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Background
For DL HARQ-ACK and UL scheduling timing, the following was agreed in RAN1 #86bis [1]. 
· 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)
Further in RAN1 #86bis, the following agreements were made for NR timing relationship [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)
Since NR support both same slot and cross-slot scheduling for DL and UL, the K1 and K2 values above should be slot specific, or a minimum process time. Based on this observation, we will discuss the DL and UL timing separately in this contribution. Especially, we compare implicit and explicit methods for both DL HARQ-ACK and UL scheduling timing. We propose that default timing should be determined implicitly, but the timing can be overridden by explicit timing if a longer DCI format is used. 
NR subframe formats and association timing 
For NR design, esp. for newly allocated high frequency bands, TDD method is more suitable. For a TDD network with synchronized transmissions, a gap period or guard interval is needed to switch from a DL transmission to an UL transmission. 
Thus, For NR, at least 3 subframe types or slot structures should be supported: a DL only subframe, a UL only subframe, and a self-contained subframe or slot structure that includes a DL part, a gap period, and a UL part. The self-contained subframe provides the function of DL to UL switching. Besides a self-contained subframe, a gap for DL to UL transition may also be provided by blanking the starting part of a DL only subframe or the beginning of a UL only subframe.
A NR radio frame structure should include at least one DL to UL switching point in TDD case. Naturally, a self-contained subframe may be used to provide the required DL to UL switching. To reduce overhead, the number of DL to UL switch transitions should be minimized based on the latency requirements. The radio frame structure can be signalled in system information of a NR cell. 
Thus, the NR radio structure should define at least a fixed UL region for UCI reporting, e.g. a UL portion of a self-contained slot in TDD, or a configured UL slot in FDD.
Proposal 1: A radio frame in NR should be an interval of multiple subframes that includes at least a pre-defined UL region for UCI reporting. 
DL HARQ-ACK and UL scheduling timing 
Since a self-contained subframe is required for any DL to UL switching, the UL parts in a self-contained subframe becomes the earliest UL part for UCI feedback if the gap period is more than the required processing time. Therefore, a default HARQ-ACK timing may be implicitly determined by radio frame structure of self-contained subframes, i.e. the HARQ-ACK of a DL data should be reported in UL control part of the earliest available self-contained subframe. In case of continuous DL transmissions, the UL control part of a self-contained subframe can be used for DL HARQ-ACK feedback of all DL subframes after the previous self-contained subframe. 
On the other hand, if explicit timing is used, the exact timing K1 should be indicated in a DCI format. Since NR support both same slot and cross-slot scheduling for DL transmissions, the K1 value of each scheduled slot may be slot specific and different for each slot, esp. in continuous slot transmissions. This requires extensive control signalling overhead and is error prone. 
However, the resources for HARQ-ACK feedback may be limited in the UL part of a self-contained subframe, esp. in a DL centric self-contained subframe. Therefore, sometimes, it may be beneficial to offload HARQ-ACK feedback to other UL subframes. Thus, dynamic and explicit HARQ-ACK feedback should also be supported. In this case, the HARQ-ACK timing can be explicitly indicated in the DL data assignment DCI to override the default HARQ-ACK timing. Thus, a longer DCI format with extra bits maybe used to indicate the subframe for HARQ-ACK feedback.
Proposal 2: Both implicit and explicit timings are supported for DL HARQ-ACK feedback
· DL HARQ-ACK can be implicitly mapped to the UL control part of the next available self-contained subframe. 
· Explicit HARQ-ACK timing can be supported with indicated HARQ-ACK association timing.
UL scheduling timing 
Since a self-contained subframe performs the DL to UL switching, a DL control part of a self-contained subframe is the closet DL control region for a UL data portion and an UL subframe. Thus, for minimum processing delay, the UL grant can be signalled only in the DL control part of a self-contained subframe, and the UE only needs to monitor UL grants in self-contained subframes. 
On the other hand, for more scheduling flexibility, the UL grant can be signalled in a DL control region of any DL subframe or self-contained subframe. Since NR support both same slot and cross-slot scheduling for UL transmissions, the K2 value for a scheduled UL slot transmission may be different depending on the location of a scheduling slot. 
Similar to DL assignment, different DCI formats may be used for UL scheduling. With a short DCI format, no scheduling timing information is needed, and the UL data should be transmitted in the earliest UL subframe after the UL grant. This can be viewed as an implicit UL scheduling method. 
With a long DCI format, additional UL scheduling timing information should be included. This explicit UL scheduling DCI can be used if there are multiple consecutive UL subframes. Some indication can be used in the DCI to indicate which UL subframe is scheduled for UL data transmission. 
Proposal 3: Both implicit and explicit timings are supported for UL scheduling
· Implicit UL scheduling timing is supported to transmit UL in the earliest UL subframe after an UL grant.
· Explicit UL scheduling timing is supported, esp. if there are multiple UL subframes after an UL grant.
Conclusion
In this contribution, we discuss the potential subframe types and the implications on DL HARQ-ACK and UL scheduling timings. Based on the observations, we propose:
Proposal 1: A radio frame in NR should be an interval of multiple subframes that includes at least one self-contained subframe.
Proposal 2: Both implicit and explicit timings are supported for DL HARQ-ACK feedback
Proposal 3: Both implicit and explicit timings are supported for UL scheduling
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