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1	Introduction
In RAN1#94bis, evaluation methodology and simulation assumptions were extensively discussed for providing baseline performance of Rel-15 URLLC design. Agreements were reached on many issues. In this contribution, we discuss the few remaining issues of evaluation methodology and simulation assumptions.

[bookmark: _Ref178064866]2	Use Case and Requirements
The following agreements were reached for the scenarios and requirements of URLLC.
Agreements:
· Take the following table as the table of representative use cases for selection for Rel-16 NR URLLC evaluation.
	Use case
(Clause #)
	Reliability (%)
	Latency (ms)
	[bookmark: _Hlk528931773]Data packet size  and traffic model
	Description 

	Power distribution
(22.804:5.6.4 &5.6.6)
	99.9999
	5(end to end latency)
Note: 2-3 ms air interface latency 
	DL & UL:
[bookmark: _Hlk528931696]100 bytes 
ftp model 3 with arrival interval 100 ms
	Power distribution grid fault and outage management 

	
	99.999 
	15(end to end latency)
Note: 6-7 ms air interface latency
	DL & UL:
250 bytes  
Periodic and deterministic with arrival interval 0.833 ms
Random offset between UEs 
	Differential protection

	Factory automation

	99.9999
	2(end to end latency)

Note: 1 ms air interface latency 
	DL & UL:
32 bytes
Periodic deterministic traffic model with data arrival interval 2 ms
	Motion control

	Transport Industry
(22.186: 5.5)
	99.999
	5 (end to end latency)

Note: 3ms air interface latency 
	For UL: 
2.5 Mpbs; Packet size 5220 bytes
For DL: 
1Mbps; Packet size 2083 bytes
Note: Data arrival rate 60 packets per second for periodic traffic model
	Remote driving 


	Transport Industry
(23.501, 22.261)
	99.999
	10(end to end latency)
Note: 7ms air interface latency
	UL&DL: 
1.1 Mbps, Packet size 1370 bytes 
Note: Data arrival rate 100 packets per second for periodic traffic model
	Intelligent transport system (ITS)

	Rel-15 enabled use case (e.g. AR/VR)  
	99.999 
	1ms (air interface delay) for 32 bytes
1 ms and 4 ms (air interface delay) for 200 bytes 
	DL & UL:
32 and 200 bytes 

FTP model 3 or periodic with different arrival rates
	

	
	99.9
	7ms (air interface delay)
	DL & UL:
4096, 10 K
FTP model 3 or periodic with different arrival rates
	


· Note: The above packet size already includes header overhead.
· Note: UL and DL simulation is independent

Agreements:
· [bookmark: _Hlk528936182]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

The DL evaluation of aperiodic traffic model is not intended to reflect video transmission. Video transmission is evaluated via the periodic traffic model. The intention is to evaluate the usage where the command and control signal comes from network to the vehicle. Therefore, we suggest to reuse the parameters adopted for evaluating aerial vehicles (see Table A.1-1, TR 36.777)
· DL data packet size = 1250 bytes 
· FTP model 3 with arrival interval 100 ms 

[bookmark: _Toc528962735]For evaluating aperiodic traffic model (FTP model 3) for DL for remote driving and ITS, use: DL data packet size = 1250 bytes, FTP model 3 with arrival interval 100 ms.
3	Antenna configuration
The following agreement was reached for evaluating urban macro use cases:
Agreements:
· Reuse the gNB/UE Tx/Rx antenna ports number for power distribution use case for all urban macro use cases evaluated at 4 GHz.
· [bookmark: _Hlk528936481]If 16Tx/16Rx antenna ports are additionally used, adopt the following configuration (working assumption): (M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 1, 8)

We have used the above in evaluating URLLC performance with 16Tx/16Rx antenna configuration, for example, in companion contribution [10]. We are thus supportive of confirming the working assumption.
[bookmark: _Toc528962736]Confirm the working assumption: If 16Tx/16Rx antenna ports are additionally used, adopt the following configuration: (M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 1, 8).

4	Link Level Simulations
The following channel model was accepted as working assumption for all cases with indoor hot-spot and factory automation for 30 GHz: 
	Channel model
	(working assumption) CDL-A (delay spread: 20 ns) as in 38.901 



While 20ns delay spread is valid for indoor hot-spot and factory automation, in reality a wide range of delay spread values are possible. Ideally a range of delay spread values should be evaluated, for example, also evaluate a typical delay spread value of 50 ns [9]. However, considering the simulation work load, it is acceptable to confirm the working assumption.
[bookmark: _Toc528962737]Confirm the working assumption: for indoor hot-spot and factory automation at 30 GHz, the channel model is CDL-A (delay spread: 20 ns) as in 38.901.

5. 	Performance Metric
Agreements:
The performance metric for Rel-16 NR URLLC evaluation is 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 

In general, for evaluation of system and link performance, random dropping of UEs is typically used. Hence it is not reasonable to require 0% outage, unless one is willing to deal with excessive over-privisioning of the network. Thus, we propose that the same value of 5% as in ITU-2020 evaluation is reused. This is also helpful for cross-company calibration of simulation results.
[bookmark: _Toc528962738]In performance metric definition, use X=5% for percentage of UEs in outage.

In actual network deployment, e.g., on factory floor, 0% outage of URLLC UEs are achievable since UEs with critical traffic can be strategically placed to avoid locations that experience exceptionally poor channel condition. However, it is complicated and unnecessary to evaluate such location optimization of UEs.
3	Simulation Bandwidth
Simulation bandwidths are agreed for carrier frequencies, with 40 MHz for carrier frequency 4 GHz and 160 MHz for carrier frequency 30 GHz, respectively. On the other hand, duplex mode (FDD or TDD) is left to each company’s choice. To avoid confusion, it should be clarified how the simulation bandwidth should be interpreted together with duplex mode. We propose that a note be added to the simulation bandwidth parameter as shown below.
	Simulation bandwidth 
	40 MHz
NOTE: For FDD, 40 MHz for DL and 40 MHz for UL. For TDD, 40 MHz for DL/UL.



	Simulation bandwidth 
	160MHz
NOTE: For FDD, 160 MHz for DL and 160 MHz for UL. For TDD, 160 MHz for DL/UL.



[bookmark: _Toc528962739]For simulation bandwidth of X MHz, clarify that “For FDD, X MHz for DL and X MHz for UL. For TDD, X MHz for both DL and UL.”

6	Conclusion
In this contribution, remaining issues of evaluation methodology and simulation assumptions are discussed for obtaining baseline performance of URLLC. Based on the discussion in the previous sections we propose the following:
Proposal 1	For evaluating aperiodic traffic model (FTP model 3) for DL for remote driving and ITS, use: DL data packet size = 1250 bytes, FTP model 3 with arrival interval 100 ms.
Proposal 2	Confirm the working assumption: If 16Tx/16Rx antenna ports are additionally used, adopt the following configuration: (M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 1, 8).
Proposal 3	Confirm the working assumption: for indoor hot-spot and factory automation at 30 GHz, the channel model is CDL-A (delay spread: 20 ns) as in 38.901.
Proposal 4	In performance metric definition, use X=5% for percentage of UEs in outage.
Proposal 5	For simulation bandwidth of X MHz, clarify that “For FDD, X MHz for DL and X MHz for UL. For TDD, X MHz for both DL and UL.”
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