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1 Introduction

In the RAN #81 meeting, a revised SID on Physical Layer Enhancements for NR URLLC was approved [1]. In order to establish the baseline performance achievable with Rel-15 URLLC, and to investigate the necessary improvement for the prioritized URLLC use cases in [1], evaluations and simulations would be needed. Some agreements on evaluation assumptions and methodology were achieved by the discussion in the last meetings [2][3][4]. However, as shown in the Chairman notes from RAN1#94bbis [4], a few aspects still needs further discussion.       

The contribution mainly addresses the remaining issues on evaluation assumptions and methodology, including aperiodic traffic model for transport industry and factory automation, and remaining assumptions for system level evaluation for highway for transport industry. Some preliminary simulation results for the baseline performance achievable with Rel-15 NR URLLC are provided in our companion contribution [5].       
2 Remaining evaluation assumptions and methodology 
2.1 The value of X for the performance metric of URLLC capacity 
In RAN1#94bis meeting [4], the performance metric for Rel-16 NR URLLC evaluation was agreed with either option 1 or option 2 below:
· Option 1: Percentage of users satisfying reliability and latency requirements

· Intend for the case with fixed number of UEs and fixed traffic model per UE 

· Option 2: URLLC capacity as defined in TR 38.802 with the modification as below:

	-
URLLC capacity and URLLC / eMBB multiplexing capacity

-
Definition: URLLC system capacity is calculated as follows:
-
C(L, R) is the maximum offered cell load under which Y% of URLLC UEs in a cell operate with target link reliability R under L latency bound

-
X = (100 – Y) % is the percentage of UEs in outage

-
A UE in outage is defined as the UE can not meet both latency L and link reliability R bound

-
Companies report their assumption on X (e.g. 5% or 0%) 

- 
Companies report their assumption on the number of eMBB UEs deployed together with the URLLC UEs


· Intend for the case that the number of UEs and/or the data arrival rate is adjustable

· Adjusting the number of UEs should be applied to periodic deterministic traffic model 

· The value of X can be revisited in the next meeting 
One remaining issue on performance metric is the value of X for option 2 above. Since the requirement for URLLC is low latency and high reliability, it seems not acceptable that some UEs in the deployed scenario cannot satisfy the requirements. Hence, the target of percentage in Rel-16 NR URLLC would be close to 100% percentage of users satisfying both reliability and latency requirements, no matter whether option 1 or option 2 is used. Therefore, if option 2 is used, the value of X should be 0%. In actual application scenarios, better deployment plan should be used to improve the number of users satisfying the requirement, even to guarantee that all users deployed in the service area can meet the requirement at least for some cases like power distribution and factory automation. In the evaluations, re-dropping or discarding UEs which do not satisfy certain channel quality can be used to achieve the maximum number of users that can meet the requirement or the maximum percentage of users that can meet the requirement. 

Proposal 1: For the performance metric of URLLC capacity, the value of X should be 0%.

2.2 Remaining details for remote driving
2.2.1   Aperiodic traffic model for remote driving  
In RAN1#94bis meeting [4], the aperiodic traffic model was agreed to be evaluated for remote driving as shown in the agreement below. However, the details of the packet size, data arrival rate and data rate are still FFS.
Agreements:

· Evaluate aperiodic traffic model (FTP model 3) for DL for remote driving and ITS.  

· Companies report the packet size, data arrival rate and data rate
· Aim to conclude the packet size, data arrival rate and data rate in RAN1#95 meeting
It can be expected that the data transmitted in downlink for remote driving is most likely control signaling. To save the resource overhead, it would be better for control signaling to be transmitted in on-demand manner. Considering the requirement is 1Mbps in DL as stated in TR22.886, there may be as much as one response to every video frame from uplink. With 60 fps this gives a packet size about 1M/60/8 = 2083 bytes. However, less-frequent application adaptation in an on-demand manner is also possible. We therefore also raise the possibility of assuming 30 packets/sec in DL, giving a 4166 byte packet for the required rate in TS 22.886.
Proposal 2: The following two aperiodic traffic models can be considered for evaluating remote driving:

· Model 1:2083 byte packets with Poisson-distributed arrival rate of 60 packet/sec for DL. 

· Model 2:4166 byte packets with Poisson-distributed arrival rate of 30 packet/sec for DL.

2.2.2   Remaining assumptions for highway in transport industry 
For remote driving, high way scenario should also be the typical scenario for remote driving. In the RAN1#94bis meeting, there was no enough time to set the assumptions for high way scenario. In this section, simulation settings on the additional parameters for high way are provided. Most parameters are the same as that for Urban Macro for transport industry. The simulation assumptions for high way for remote driving are provided as shown in Table 2. 
Table 2: System-level evaluation assumptions for Transport Industry with high way scenario
	Parameters
	Value

	Layout
	Single layer - Macro layer: Straight line BS placement with Road configuration in 36.885.

	Inter-BS distance
	1732m

	BS antenna height
	35m

	UE speed
	Vehicle speed is 140 km/h in all the lanes.

	Other parameters
	Same as the assumptions for Urban macro case


Proposal 3: Take the simulation assumptions in Table 2 for Rel-16 NR URLLC system level evaluation for highway in transport industry.  
2.3 Aperiodic traffic model for Factory automation  
In RAN1#94bis meeting [4], the periodic traffic model was already agreed for factory automation. But, the aperiodic traffic model needs further discussion as shown in the FFS point below:
•
FFS whether or not to additionally simulate aperiodic traffic model for factory automation, and if so, details (latency, packet sizes, etc.)

In our view, aperiodic traffic can also be seen in factory automation use cases, since the human or motion controllers control the machine and an accident or failure triggers a spontaneous transmission. The accident or failure generally generates a few packets in one second, so the transmission interval may be very large, in the range of hours or days. However, the appearance of the above machine controlling may be more frequent than accident or failure, and which is like the DL remote driving or control-to-control communication. The control-to-control communication belongs to motion control subsystems in factory automation based on the section 5.3.5 in TR22.804 [6], so the control-to-control communication would be referenced to the aperiodic traffic in factory automation use cases. In this case, the packet size without header is about 1K bytes, the end-to-end latency should be less than or equals to 4ms. It is closed to the URLLC simulation assumption in the last meeting in factory automation use cases. Hence, the aperiodic traffic model should be considered the requirement of control-to-control communication. 
Proposal 4: For factory automation, at least the use case defined in section 5.3.5 in TR 22.804 for control-to-control with 4ms end to end latency, 10 UEs per cell, 1000 byte packet size and 99.9999 % reliability should be used as one of the aperiodic traffic use case for evaluation.  

3 Conclusions

The contribution mainly discusses the remaining issues for evaluation assumptions and methodology. Based on the discussion, we have the following proposals:
Proposal 1: For the performance metric of URLLC capacity, the value of X should be 0%.

Proposal 2: The following two aperiodic traffic models can be considered for evaluating remote driving:

· Model 1:2083 byte packets with Poisson-distributed arrival rate of 60 packet/sec for DL. 

· Model 2:4166 byte packets with Poisson-distributed arrival rate of 30 packet/sec for DL.

Proposal 3: Take the simulation assumptions in Table 2 for Rel-16 NR URLLC system level evaluation for highway in transport industry.  

Table 2: System-level evaluation assumptions for Transport Industry with high way scenario

	Parameters
	Value

	Layout
	Single layer - Macro layer: Straight line BS placement with Road configuration in 36.885.

	Inter-BS distance
	1732m

	BS antenna height
	35m

	UE speed
	Vehicle speed is 140 km/h in all the lanes.

	Other parameters
	Same as the assumptions for Urban macro case


Proposal 4: For factory automation, at least the use case defined in section 5.3.5 in TR 22.804 for control-to-control with 4ms end to end latency, 10 UEs per cell, 1000 byte packet size and 99.9999 % reliability should be used as one of the aperiodic traffic use case for evaluation.  
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