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1 Introduction
In the RAN1 #86 meeting, scheduling and HARQ timelines for New Radio (NR) were discussed and the following agreements were achieved [1]:

	Agreements:
· The following is supported for NR 

· 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 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
· Note: Default value, if any, for each timing relationship is FFS (agreement from RAN1 #85)
· Note: Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc. (agreement from RAN1 #85)
· Note: Other means of indicating the timing relationship are not precluded
· Some or all of the following timing relationships can be indicated to a UE semi-statically (FFS: explicit or implicit)

· Timing relationship between DL data reception and corresponding acknowledgement
· Timing relationship between UL assignment and corresponding UL data transmission
· Note: Default value, if any, for each timing relationship is FFS (agreement from RAN1 #85)
· Note: Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc. (agreement from RAN1 #85)
· Note: Other means of indicating the timing relationship are not precluded


This contribution discusses some aspects of NR scheduling and HARQ timing.  
2. Discussion
2.1 Scheduling unit and DCI formats monitoring  
In LTE, the smallest scheduling unit for data transmission in time domain is 1ms subframe. To allow for sufficient low latency, the scheduling unit need to be significantly reduced such that data transmission can be started as soon as possible after packet arrival. 

In RAN1 #86, different transmission time interval (TTI) for NR i.e. subframe, slot and mini-slot, were discussed to support a variety of service types such as eMBB and URLLC. In general, the scheduling unit selection is a tradeoff between latency and throughput. In our view, mini-slot can be the basic unit for URLLC to meet the latency requirement and improve resource utilization while eMBB can benefit from having longer TTI duration (e.g. slot) to minimize the control channel and RS overhead. 
Proposal 1: The smallest scheduled unit for NR is the smallest mini-slot.
To impose as few restrictions as possible at the scheduler while at the same time limit the number of blind decoding attempts in the UE, it is preferable to require a UE to monitor DCI formats for scheduling assignments and grants based on the respective service type. For example, as illustrated in FIG.1, UE configured with URLLC could monitor DCI transmission candidates every mini-slot while a UE configured with eMBB service monitors DCI every slot.
Proposal 2: DCI format monitoring occasions are configured by higher layers based on corresponding services type.
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Figure 1: One example of DCI format monitoring occasions
2.2 Scheduling and HARQ timeline
There are several delays contributing to the overall duration of scheduling and HARQ latency. Timing advance value is one of them and is proportional to the distance to the eNB. Moreover, the processing time is typically proportional to the TB size and therefore the corresponding processing time is also varied depending on the respective TBS in a slot.  In addition to cell size and TBS, it should be possible to vary scheduling and HARQ timing based on UE capability and service type given that different UE may have different processing capability and varied latency requirement for different services. Moreover, coexistence with legacy LTE TDD system may also put the restriction on the possibility for UL or DL transmission. Hence, it is generally desirable for eNB to have the freedom to select a value that matches the actual conditions of these identified factors. 
The scheduling and HARQ timeline indication using DCI format is the simplest way to achieve required flexibility and allow for dynamical transitions between different delays e.g. based on the varied TBS sizes. From that perspective, we think that dynamic indication of HARQ and scheduling timeline might be of advantage. Note that the value of minimum timing depends on many factors such as data RE mapping, the RS location, channel coding and cell range. It is deemed necessary to carefully assess the feasibility of the minimum timing taking these identified factors into account. 
Proposal 3: Timeline between DL data to HARQ-ACK and between UL grant to UL data transmission are dynamically indicated using the DCI. FFS on the minimum timing. 
Scheduling multiple slots from a single DL control occasion enables the reduction of signaling overhead for NR data transmissions and the interference caused to neighboring cells. Similar to LTE TDD UL/DL configuration #0, a bitmap of the N addressable upcoming slots can be used to indicate the slots in which the current DCI is applicable. The scheduled slot can hence be consecutive or non-consecutive. 
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Figure 2: One example of multiple DL/UL slots scheduling timeline
Proposal 4: Support multiple slots of DL and UL data scheduled by a single control occasion to reduce control overhead and GP numbers.
For NR, the number of connected UEs within a narrow beam is supposed to be significantly reduced compared to LTE especially in small cell scenarios. To improve the resource efficiency of NR-PDCCH region, it is necessary to enable the possibility to dynamically share the resources between NR-PDCCH and the NR-PDSCH channels. The NR-PDSCH starting symbol (or NR-PDCCH control region) can be implicitly or explicitly informed to the UE for proper rate matching of the NR-PDSCH. As one example in Figure 3, the starting symbol of the NR-PDSCH of UE #1 and UE #2can be the 2nd OFDM symbol in some frequency resources whereas the starting symbol can be the 1st OFDM symbol in some other frequency resources respectively. 
Proposal 5:  Support TDM/FDM between DL control and the associated PDSCH transmission to allow dynamic resource sharing.   
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Figure 3: TDM/FDM between NR-PDCCH and NR-PDSCH for scheduling 

3. Conclusions
In this contribution, we discuss several aspects of NR scheduling and HARQ timing for realizing efficient NR data transmission. Based on the discussions, we propose: 
Proposal 1: The smallest scheduled unit for NR is the smallest mini-slot
Proposal 2: DCI format monitoring occasions are configured by higher layers based on corresponding services type.
Proposal 3: Timeline between DL data to HARQ-ACK and between UL grant to UL data transmission are dynamically indicated using the DCI. FFS on the minimum timing. 
Proposal 4: Support of multiple slots DL and UL data scheduling using a single control occasion to reduce control overhead and GP numbers.
Proposal 5:  Support TDM/FDM between DL control and the associated PDSCH transmission to allow dynamic resource sharing.   
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