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1. Introduction

In RAN #75 meeting, following objectives was approved to be included in NR WID [1]:

-
Support of ultra-reliable part of URLLC [RAN1, RAN2, RAN4]

-
Identify techniques to meet the URLLC requirements set forth by [2] starting after RAN#76 

-
Conduct corresponding URLLC specific normative work after RAN#78 for the selected techniques

In this contribution, the scheduling and HARQ realizations for URLLC downlink are discussed. We provide our views on scheduling and HARQ to meet the requirements of URLLC. This contribution is resubmitted from R1-1715647.
2. Discussion

Scheduling for URLLC data
For URLLC traffic, the target for the target for user plane latency should be 0.5ms for UL and 0.5 ms for DL. Furthermore, as described in [2], the reliability of URLLC for one transmission of a packet is 10-5 within a user plane latency of 1 ms. It was agreed that multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by using the same subcarrier spacing with the same CP overhead or using different subcarrier spacing (SCS) [3]. For URLLC data transmission, larger SCS can be adopted to enable shorter transmission duration in time, which is beneficial to reduce the latency. Besides, flexible scheduling granularity, in mini-slot or symbol level, is supported in NR. Therefore, dynamic scheduling of URLLC traffic on sharing resource between eMBB and URLLC can be achieved. 

In addition to the low latency, reliability of URLLC service needs to be considered during the gNB scheduling. There are following agreements regarding slot aggregation in RAN1 NR AH#03 [4].

· For grant-based DL or UL, transmissions where a TB spans multiple slots or mini-slots can be composed of repetitions of the TB

· FFS if there is one repetition of the TB per slot in the case of repetitions using mini-slots

· FFS for grant-based DL or UL transmissions, if a TB can span multiple slots without repetitions

Besides, there are following agreements regarding UL data transmission in RAN1 NR AH#01 [5].

· For an UL transmission scheme with/without grant

· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported, 

Until now, there are few discussions on the reliability improvement for URLLC. To guarantee low latency and high reliability of transmissions for URLLC traffic, methods to improve the performance of UE detection may need to be considered when gNB conducts scheduling and determine the scheduled resources. One possible solution is to schedule a TB with multiple repetitions. It is similar to aggregation of multiple slots/mini-slots. In this case, for URLLC service repetitions of a TB are scheduled in mini-slot or symbol level where multiple transmissions are composed of repetitions of the TB. The repetition number of the TB can be indicated by scheduling DCI. Once receiving multiple repetitions of a TB, how to feedback the HARQ-ACK needs further discussion. 

Proposal 1: For DL or UL URLLC data transmission, repetitions of a TB can be scheduled by DCI.

Typically, in gNB scheduling, the scheduling decisions are made based on the measurement and CSI reporting. The scheduling assignment, including the time/frequency resource allocation, MCS selection, etc., is determined according the estimation from the CSI by gNB. If the CSI reporting is not accurate enough due to channel variation, it may have impacts on the scheduling decisions that gNB makes. To increase the accuracy of CSI reporting, more reliable CSI reporting could be considered. Some have proposed enhanced CSI report by reporting CSI with a given BLER target. Therefore, gNB can schedule UE based on the more accurate CSI, thus in favor of more appropriate MCS selection. To overcome the channel variation and interference variation, repetition transmission can be used, which is already introduce in UL URLLC transmission. During the scheduling, gNB can determine the number of repetition based on the CSI and other information. Also, depending the traffic type, numerology can also be determined aiming to ensure the target requirements. 

Proposal 2: Enhanced CSI reporting with given target can be considered.

3. Conclusion

In this contribution, we discuss the requirements of scheduling and HARQ to meet the requirements of URLLC. The proposals are summarized below.
Proposal 1: For DL or UL URLLC data transmission, repetitions of a TB can be scheduled by DCI.
Proposal 2: Enhanced CSI reporting with given target can be considered.
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