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1. Introduction

In RAN#81, the updated study item description on physical layer enhancements for NR URLLC was approved with the following objectives [1]:
	URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 

· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 

· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements

· PUSCH enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.

· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)

Enhanced multiplexing considering different latency and reliability requirements (RAN1): 

UL inter UE Tx prioritization/multiplexing 

Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot. (RAN1/RAN2)
The following items have been identified to have relationship with URLLC but are covered in other study items and will not be studied as part of this SI:

· Multi-TRP transmission 

· Mobility improvements for higher reliability

· Beam Management

· Time Sensitive Networking related enhancements

· UL/DL intra-UE prioritization/multiplexing


In this contribution, we discuss remaining issues on evaluation methodology for this study item. 
2. Discussion
In RAN1#94 and afterward email discussion [94-NR-06], extensive discussions have been occurred regarding remaining issues on evaluation methodology for this study item, however, still some issues need to be resolved. First of all, it was agreed to select one or more representative use case(s) for the prioritized use cases in the SID and/or the rel-15 enabled use case for evaluation. Given time resource and issues to be resolved in this study item, it might be helpful to narrow down the scope for more efficient workload and more effective outcomes. In this sense, our preference is to prioritize the use cases of power distribution and factory automation. 
Proposal 1: The use cases of power distribution and factory automation can be prioritized if needed.
	Agreements:

· Select one or more representative use case(s) for the prioritized use cases in the SID and/or the Rel-15 enabled use case for evaluation, which use case(s) to evaluate is up to companies.

· Further discussion how/whether to capture them in the TR

· Further discussion other detailed simulation assumptions

The following table of representative use cases for selection for evaluation is an example as the starting point for further discussion:

Use case
(Clause #)

Reliability (%)

Latency (ms)

# of UEs
(per cell)

Data packet size and traffic model

Description 

Transport Industry

(22.186: 5.5)

[99.999]
[5] (end to end latency)

[30] 

DL: [TBD] byte; ftp model 3 with arrival interval [TBD] s

UL: [TBD] byte; Periodic with arrival interval [TBD] s 

Remote driving 

Power distribution

(22.804:5.6.4 &5.6.6)
99.9999
5(end to end latency)

8

[80] byte 

ftp model 3 with arrival interval 100ms

Power distribution grid fault and outage management 

[99.999] 

15(end to end latency)

8

250 byte 

Periodic and deterministic with arrival interval 0.833 ms

Differential protection
Factory automation

(22.804: 5.3.2)
99.9999
[2](end to end latency)

 [4, 40]

20 byte, 50 byte
Periodic and deterministic traffic model

Motion control
Rel-15 enabled use case (e.g. AR/VR)

99.999 

[1ms] (air interface delay)

1, 5, 10, 20

[32, 256] bytes 

FTP model 2/3 or periodic with different arrival rates

Companies report the combination of the requirement 

· All the entries in the above table are subject to further discussion which can be revisited in the next meeting

· Note: The details on above the requirements can refer to R1-1809337.

· Note: 3ms ~ 10ms CN delay for differential protection (i.e. power distribution case 2) could be considered.

· Note: Rel-15 higher layer mechanisms for reliability may be applicable for achieving the reliability requirement
· Note: The reliability and latency are as defined in 22.186.  
· Note: For AR/VR, the requirement can refer to section 7.2.3 in TS 22.261. 
· Note: FFS whether the packet size is based on application layer or L2/L3. The packet size listed in the table needs to further discussed, especially depending on the outcome of whether the packet size is based on application layer or L2/L3

· Further discussion on how to map the requirements (e.g., reliability, latency, etc.) to RAN-level requirements


As clearly in note from the agreement made in RAN1#94 above, all the entries in the above table can be revisited if needed. On transport industry use case, in TR22.886, remote driving typically assumes the case where variation is limited and routes are predictable such as public transportation. In this context, assuming all the vehicles on a road are public transportation seems not realistic. It can be too dangerous and unpredictable if lots of vehicles are in remote driving mode, which looks not the scope of very near future. In this sense, the number of UEs per cell should be much smaller than the current value, e.g., to 1 or 2.  
As mentioned in our response to email discussion before, during the discussion in SA working group, there was no clear consensus on DL traffic type for remote driving. Thus, it is premature to fix DL traffic model as aperiodic type. Our suggestion is to have both periodic and aperiodic traffic type (e.g., FTP model 3) for DL. 
Proposal 2: For transport industry use case (if studied and evaluated), the number of UEs per cell should be reduced to 1 or 2, and the DL traffic model needs to be both periodic and aperiodic types. 
In our understanding, it seems not desirable to restrict carrier frequency band as 4 GHz only for system level evaluation at this early stage of study. Considering stringent latency requirement for some use cases, FDD should be also taken into account as potential deployment to enable such delay-sensitive service. In this sense, both 4 GHz and 700 MHz should be the scope of evaluation and study. For mitigating our evaluation burden, we are open to set a baseline assumption by taking one of two values, however, there is no need to remove either carrier frequency. Corresponding 2 UE Rx case also needs to be considered at least for 700MHz.
Proposal 3: Both 4 GHz and 700 MHz are considered for evaluation. 2 UE Rx needs to be considered at least for 700 MHz. 
Regarding subcarrier spacing, at this early stage, it would be too premature to make a decision to prevent or prioritize any subcarrier spacing. As the feasibility and benefit of an enhancement scheme might be dependent on subcarrier spacing, it would be desirable not to have any restriction on use of subcarrier spacing for evaluation. 
Proposal 4: Both 30 kHz and 60 kHz are used for evaluation of NR URLLC in rel-16. 
3. Conclusions

In this contribution, we discussed several aspects regarding remaining issues on evaluation methodology for NR URLLC. Based on the above discussion, our proposals are given as follows:

Proposal 1: The use cases of power distribution and factory automation can be prioritized if needed.
Proposal 2: For transport industry use case (if studied and evaluated), the number of UEs per cell should be reduced to 1 or 2, and the DL traffic model needs to be both periodic and aperiodic types. 
Proposal 3: Both 4 GHz and 700 MHz are considered for evaluation. 2 UE Rx needs to be considered at least for 700 MHz. 

Proposal 4: Both 30 kHz and 60 kHz are used for evaluation of NR URLLC in rel-16. 
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