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1. Introduction

In RAN #71 meeting [1], study item on new radio (NR) access technology was approved. In this contribution, we discuss two types of scheduling depending on the time scale of DL/UL data transmission scheduled by a single DL assignment or UL grant: i) scheduling of DL/UL data transmission over multiple slots (named as “multi-slot scheduling”), and ii) scheduling of DL/UL data transmission via a fraction of slot (named as “sub-slot scheduling”). Then, we provide potential benefits and some consideration points on each type of the scheduling method.
2. Multi-slot scheduling

As shown in Fig. 1, we can consider a method of the multi-slot scheduling where a single DL assignment schedules DL data transmitted over multiple slots or a single UL grant schedules UL data transmitted over multiple slots. It is clear that it takes the advantage of DL control overhead reduction. Besides, in case when UL data scheduling is required for consecutive multiple slots, it would be beneficial to apply multi-slot scheduling for the case since eNB can utilize more symbols for UL data scheduling by reducing potential DL control region and/or DL-to-UL gap period located within each slot. Furthermore, considering the NR system environment with multi-beam operation based on analog beamformed transmission in high frequency band (e.g., above 6 GHz), it may not be necessary to reserve DL control resource (e.g., symbol) in every slot for a particular UE located in a certain beam who requires multiple data scheduling, with the multi-slot scheduling by utilizing DL control resource within only one slot.
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Figure 1. Example of multi-slot scheduling
In RAN1#86bis meeting [2], we made an agreement on multi-slot scheduling as follows.

	Agreements:
· Data transmission can be scheduled to span one or multiple slots


In order to support multi-slot scheduling, we need to determine how to design the contents of DL control information (e.g., resource allocation, MCS, NDI, HARQ process index, etc) conveyed via multi-slot DL assignment. As one possibility, we may be able to benchmark multi-subframe scheduling DCI format designed for Rel-14 eLAA. Especially for DL data scheduled by multi-slot scheduling, it seems essential to decide when/how corresponding HARQ-ACK feedback is transmitted. Besides, DM-RS transmission method may be considered (e.g., whether it is necessary to be transmitted in every slot or not) and whether single or multiple TBs is transmitted over multiple slots scheduled by single DCI can be considered.
Proposal 1: To support multi-slot scheduling, we need to consider at least followings.
· DL control information details (e.g., resource allocation, MCS, NDI, HARQ process index, etc)

· HARQ-ACK feedback method

· DM-RS transmission method

· Number of scheduled TBs over multi-slots
3. Sub-slot scheduling 

As shown in Fig. 2, we can consider a method of the sub-slot scheduling where a single DL assignment schedules DL data transmitted via a fraction of slot or a single UL grant schedules UL data transmitted via a fraction of slot. This type of scheduling would be beneficial especially for the case with multi-beam operation. With analog beamformed transmission, service (e.g., scheduling) area would be restricted at a timing and it means, for example, DL control/data transmission would be limited only for scheduling of the UEs in one area at each timing. In order to address this potential inefficiency, the sub-slot scheduling can be considered as one of potential scheduling method for the NR. As an example, DL data region within one slot can be divided into multiple sub-slot units, and one or multiple sub-slot(s) can be allocated as the time domain resource used for DL data transmission. With this sub-slot scheduling method, eNB can obtain multiplexing gain for a slot when the scheduled UEs are located in different beam directions.
Considering DL control overhead caused by the fact that DL control region is composed of multiple symbols in order to serve multiple different beam directions, it can be considered to apply larger subcarrier spacing for DL control channel than that for DL data channel [3], which leads to the reduction of DL control region duration. With the same motivation, for UL, it can be considered to apply larger subcarrier spacing for UL control channel than that for UL data channel to reduce the duration of UL control region.
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Figure 2. Example of sub-slot scheduling
One aspect needs to be considered for the sub-slot scheduling is the resource allocation for DL/UL data transmission where combined allocation of time/frequency resources may be necessary. Another aspect is HARQ-ACK feedback corresponding to sub-slot based DL data transmission, in terms of HARQ-ACK transmission timing and/or HARQ-ACK transmission resource.
Proposal 2: Sub-slot scheduling is to be supported for NR with consideration of efficient multi-UE multiplexing and efficient resource utilization.

4. Conclusion
In this contribution, we discussed two types of scheduling (multi-slot scheduling and sub-slot scheduling) and provided potential benefits and some consideration points on each type of the scheduling method. The proposals of this contribution are summarized as follows.
Proposal 1: To support multi-slot scheduling, we need to consider at least followings.
· DL control information details (e.g., resource allocation, MCS, NDI, HARQ process index, etc)

· HARQ-ACK feedback method

· DM-RS transmission method

· Number of scheduled TBs over multi-slots
Proposal 2: Sub-slot scheduling is to be supported for NR with consideration of efficient multi-UE multiplexing and efficient resource utilization.
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