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1. Introduction

In RAN1 NR Ad-Hoc and RAN1#88 meetings, the following agreements were made on the configuration/ indication of HARQ timing for the NR UE [1,2].
	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:

· When a UE transmits PUSCH/PUCCH or receives PDSCH based on DCI detected in group common search space, UE applies one of FFSs: default value or value provided by SIB and/or value signalled in DCI. 
· This applies at least for following.
· PDCCH to PDSCH time difference
· PDCCH to PUSCH time difference
· PDSCH to PUCCH time difference
· FFS: timing relations during random access procedure.
· In case of DCI, FFS whether some entries is modified by UE specific RRC message.
· Note that this agreement does not preclude to include values provided by SIB also in UE specific RRC configuration


In this contribution, we address and discuss on the consideration points for supporting multi-slot or cross-slot scheduling in NR. 
2. Discussion
In order to reduce DL control overhead for DL/UL data scheduling, as shown in Figure 1, it can be considered to adopt 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 would be beneficial to apply multi-slot scheduling in case when UL data scheduling is required for consecutive multiple slots since gNB 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 method

To support the multi-slot scheduling in NR, it is necessary to consider how to design the contents of DL assignment DCI (e.g. resource allocation, MCS, NDI, HARQ process ID, etc.) for multi-slot DL data scheduling. As one possibility, it may be able to benchmark multi-subframe scheduling DCI format designed in Rel-14 eLAA. In addition, especially for DL data scheduled by multi-slot scheduling, it may also be necessary to consider when/how the corresponding HARQ-ACK feedback is transmitted (e.g., whether individual HARQ-ACK per TB is separately transmitted in different slot or aggregated HARQ-ACK for multiple TBs is jointly transmitted in a single slot). Besides, DMRS transmission method may also need be considered (e.g., whether it needs to be transmitted in every slot) and the number of TBs transmitted over the scheduled multiple slots may also need be considered (e.g., whether individual TB is transmitted per each slot or one TB is transmitted over multiple slots).

Proposal 1: It is necessary to discuss on the support of multi-slot scheduling by single DCI for DL control and resource overhead in NR, with consideration of DCI contents, HARQ-ACK feedback, DMRS transmission for the multi-slot scheduling.

Additionally, it is being considered to use cross-slot scheduling where DL assignment (or UL grant) schedules DL data (or UL data) transmitted in other than the slot including the DL assignment (or UL grant). It would be beneficial with consideration of bandwidth adaptation (or TX/RX-beam adaptation) between control and data channels. Then, it may be necessary to consider Case 1) whether multiple DCIs to schedule multiple DL/UL data in different slots are allowed to be transmitted/received in a slot, and Case 2) whether multiple DCIs in different slots are allowed to schedule multiple DL/UL data in a slot. Note that Case 1 (for UL data scheduling) is already supported in Rel-14 eLAA, and Case 2 is being discussed in Rel-15 sTTI. Therefore, it may need to be further discussed on the above two cases in NR context, with consideration of UE behaviour for DCI blind detection, DL data decoding complexity, UL data transmission complexity, UL power control, and so on.
Proposal 2: It is necessary to discuss on the support of cross-slot scheduling for NR in terms of DCI and DL/UL data transmission, with consideration of DL control/data decoding complexity and UL data transmission efficiency. 

3. Conclusion
In this contribution, we discussed on the support of multi-slot or cross-slot scheduling in NR, and the followings are proposed: 
Proposal 1: It is necessary to discuss on the support of multi-slot scheduling by single DCI for DL control and resource overhead in NR, with consideration of DCI contents, HARQ-ACK feedback, DMRS transmission for the multi-slot scheduling.

Proposal 2: It is necessary to discuss on the support of cross-slot scheduling for NR in terms of DCI and DL/UL data transmission, with consideration of DL control/data decoding complexity and UL data transmission efficiency. 
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