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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 RAN1#94 meeting and by the email discussion after RAN1#94 meeting [2][3]. However, as shown in [3], some aspects still needs further discussion.       

The contribution mainly discusses the remaining details on the evaluation assumptions and methodology, including details of the table of representative use cases for selection for Rel-16 URLLC evaluation, remaining assumptions for system level evaluation and assumptions for link level evaluation. Some preliminary simulation results for the baseline performance achievable with Rel-15 NR URLLC are provided in our companion contribution [4].       
2 Details of the table of representative use cases for evaluation 
According to the SID [1], the identified use cases with higher requirement for Rel-16 URLLC include transport industry, electrical power distribution and factory automation. In addition, Rel-15 enabled use case improvements such as AR/VR can also be considered. TR 22.804 [5] and TS 22.186 [6] provide detailed description of these identified use cases. Based on the description in [5][6], the requirements on the potential detailed use cases for URLLC are identified as shown Appendix A. 
To reduce the workload, evaluation can be done only for a selected number of representative use cases. By the discussion in RAN1#94 meeting and the email discussion after RAN1#94 meeting [2][3], it was agreed to further discuss the table of representative use cases for selection for evaluation, with the following table as an example as the starting point:  
Table 1. Requirements for the identified use cases for Rel-16 NR URLLC evaluation
	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
	DL & UL:

[80] byte 

ftp model 3 with arrival interval 100ms
	Power distribution grid fault and outage management 

	
	[99.999] 
	15(end to end latency)
	8
	DL & UL:

250 byte 

Periodic and deterministic with arrival interval 0.833 ms
	Differential protection

	Factory automation


	99.9999
	[2](end to end latency)
	 4, [40]
	DL & UL:

20 byte,  50 byte
Periodic and aperiodic deterministic traffic model

Note: Other value e.g. 32 bytes is not precluded
	Motion control

	Rel-15 enabled use case (e.g. AR/VR)  
	99.999, [99.9] 
	[1ms to 7ms] (air interface delay)
	1, 5, 10, 20
	DL & UL:

[32, 200, 4096, 10 K] 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 [7].

· 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

· FFS which section in TR 22.804 is used as the reference for factory automation  
· Further discussion on whether to set some certain percentage of UEs for remote driving
This section mainly discusses the remaining details of the table of representative use case for selection for Rel-16 URLLC evaluation.  
2.1 Remaining details for remote driving
The agreed SA1 normative requirement as defined in TS 22.186 is 99.999% reliability for 25 Mbps UL and 1 Mbps DL, with an end-to-end delay of 5ms. Therefore, the bracket in the table for reliability and latency should be removed. 

Proposal 1: Remove the bracket on the reliability and end to end latency for remote driving in the table of representative use cases for selection for evaluation. 
Similar as power distribution, the typical deployment for remote driving should belong to wide wireless network, in which 3 ms ~ 10 ms CN delay can be assumed. To achieve 5 ms end-to-end latency, 3 ms CN delay can be assumed for evaluation, leaving 2 ms latency for RAN. 
Proposal 2: 2 ms air interface latency is assumed for evaluation for remote driving, with the assumption of 3 ms CN delay in 5 ms end-to-end latency. Other values for evaluation are not precluded.
2.1.1   Traffic model 
In TR 22.886 section 5.4.2, it is assumed that H.265/ HEVC HD stream is up to 10 Mbps and two video streams are delivered to a remote driver, i.e. 20 Mbps, and thus we assume there is also some sensor data to transmit with 25 Mbps data rate. According to the website [8], 10 Mbps per stream corresponds to 4K video at 60fps. Hence, the 25 Mbps UL corresponds two streams of 4K@60fps video, plus some sensor data. In addition, as explained in [7], remote driving can also be supported using 720p@60fps video, plus sensor data. Therefore, the following two models can be considered for the evaluation of the performance of remote driving.

· Model 1 (2 streams 4K@60fps video, plus sensors): 2083 byte packets with Poisson-distributed arrival rate of 60 packet/sec for DL. 52083 byte packets with arrival interval of 1/60 sec for UL.

· Model 2 (2 streams 720p@60fps video, plus sensors): 2083 byte packets with Poisson-distributed arrival rate of 60 packet/sec for DL. 5220 byte packets with arrival interval 1/60 sec for UL.

Uplink 

In Model 1, the video of 4K @ 60fps is assumed. In 40 MHz bandwidth and 30 kHz SCS, we can transmit about 49459 bytes = 4 (number of slot)*14 (number of symbols)*12 (number of subcarriers per PRB)*100 (number of PRBs per 40 MHz)*948/1024 (max coding rate in 64QAM)* 6 (64QAM) /8. Therefore, Model 1 may need a bandwidth larger than 40 MHz, a modulation scheme higher than 64QAM or two codewords are supported on one PUSCH. 
In Model 2, the video of 720p @ 60fps can be modelled by scaling the data rate etc. appropriately from 4K. 4K resolution is generally 4096x2180 pixels, and 720p is generally 1280x720 pixels. The data rate corresponding to 720p per stream is about 10 Mbps / ((4096x2180) / (1280x720)) ~=1.04 Mbps, and ~2170 byte (1.04 M/60/8) packet size. In TR 37.885, the packet size for sensor data is defined as 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8, the average packet size is about 880 bytes. The total is 2×2170 + 880 = 5220 bytes, i.e. Model 2 for UL. Comparing Model 1’s 52083 byte packets corresponding to 25 Mbps, to Model 2’s 5220 byte packets for UL gives a scaling factor of about 1/10, i.e. about 2.5 Mbps UL data rate. 
Downlink 

For DL, there may be as much as an application response to every video frame, which at 60 fps gives a packet size about 2083 bytes=1M/60/8, i.e. Model 1 and 2 for DL.

However, less-frequent application adaptation in an on-demand manner is also possible. We therefore raise the possibility of assuming DL 30 packet/sec, giving a 4166 byte packet.
Proposal 3: The following two traffic models can be considered for evaluation for remote driving:

· Model 1 (2 streams 4K@60fps video, plus sensors): 2083 byte packets with Poisson-distributed arrival rate of 60 packet/sec for DL. 52083 byte packets with arrival interval of 1/60 sec for UL.

· Model 2 (2 streams 720p@60fps video, plus sensors): 2083 byte packets with Poisson-distributed arrival rate of 60 packet/sec for DL. 5220 byte packets with arrival interval 1/60 sec for UL.

2.1.2   The maximum number of UEs per cell 
Before the discussion of maximum vehicle number, the minimum response time and the car length would be assumed. Based on the 36.885 and 37.885, the minimum response time between vehicles is 2 seconds and the car length is 5 meters. 
Urban macro case: According to 37.885, the road grid size is 433m*250m. For a cell with 500 m ISD, its area is about 72000 m^2, thus it covers about 0.665 (72000/108250) grids. According to Annex A in 37.885, for one road grid under urban case, it has 2 roads in each side and hence the total road length is 2*(433+433+250+250) = 2732 m. Based on the assumed minimum response time and car length, the inter-vehicle distance is about 38.33 m for 60 km/h UE speed. Therefore, one road grid can cover about 71.28 vehicles (2732/38.33), thus there are about 47 (0.665*71.28) vehicles per cell.  

Highway case: According to Figure A.1.3-2 in 36.885, the length of one road is 2*1732 m. Based on the assumed minimum response time and car length, the inter-vehicle distance is about 82.78 m for 140 km/h UE speed. Therefore, there are about 41 vehicles on each road. According to Annex A in 37.885, there would be 6 lanes in total in the highway, thus there are about 246 vehicles in total. According to Figure A.1.3-2, there are 4 cells to serve these UEs, thus there are about 61 (246/4) vehicles per cell.   

Proposal 4: The maximum number of UEs per cell for remote driving is 47 for urban macro scenario and 61 for highway scenario.
In the actual deployment, it is possible that the percentage of the number of users for remote driving would be different, e.g. a lower percentage at the early stage while a higher percentage at a more mature stage. The study of URLLC should target for the more mature stage of the use case, where there would be a large number of UEs enabling remote driving. 
2.2 Remaining details for Power distribution 
As explained in [7], according to IEC-60870-5-104 and deployment of some operators, the potential packet size is about 80 bytes for power distribution grid fault and outage management. In addition, according to the deployment of some operators, the reliability of 99.999% should be appropriate for differential protection.    

Further priority of the use cases given in Table 1 could be considered for evaluation. For example, among the two cases for power distribution, the second use case (i.e. as described in section 5.6.6 in 22.804) could be prioritized considering the actual deployment of some operators. In addition, since the data arrival interval for power distribution grid fault and outage management is very large, it can be expected long simulation time would be needed.    

Proposal 5: Remove the bracket on the reliability for differential protection in the table of representative use cases for selection for evaluation. 
2.3 Remaining details for Factory automation  
For factory automation, as explained in [7], for use case defined in section 5.3.2 in 22.804 with the related requirement of factories of the Future 2.3, the required service area for motion control is typically 100mx100m, while the average number of terminals is 100 as shown in the Appendix A. According to the network deployment of Indoor Hotspot, nodes are deployed in grids with a distance of 20 m and hence the service area per cell is about 400 m^2 if no section is adopted. As a result, the number of served UEs per cell is about 4 in such deployment. According to Appendix A, for the use case defined in section 5.3.2 in 22.804, 2 ms end-to-end latency and 20 byte packet size are explicitly defined in TR 22.804. The reason that the use case defined in section 5.3.2 in 22.804 is the TR provides complete requirement on this use case and the requirement for this use case is neither too high nor too low, thus can be used as representative use case. 

Proposal 6: For factory automation, at least the use case defined in section 5.3.2 in TR 22.804 for motion control with 2ms end to end latency, 4 UEs per cell, 20 byte packet size and 99.9999 % reliability should be used as one of the representative use case for evaluation.  

In addition, as shown in Appendix A, the number users for the use case with related requirement of factories of the Future 2.1 and 2.2 would be increased considering smaller service area as defined in TR 38.804. For example, with the packet size of 50 bytes, the number of UEs per cell can be increased to about 35 users. Therefore, the specific use case with large number of users per cell can be considered also. 
2.4 Remaining details for Rel-15 enabled use case 
For Rel-15 enabled use cases would as a generic use case, which is helpful to demonstrate that Rel-16 URLLC can be applied to other use cases in addition to transport industry, factory automation and power distribution as defined in the SID. Since it is generic use case, several choices for packet size (e.g. 32 and 200) and several choices for traffic model (e.g. FTP model 2/3 or periodic) should be included, then when companies do the evaluation, can report the combinations. For example, the big packet size like 4096 bytes and 10 k can be combined with a more relaxing reliability (e.g. 99.9%) and more relaxing latency (e.g. 7 ms) to support AR/VR use case.  

Proposal 7: Remove the bracket on the reliability, air interface delay and packet size for Rel-15 enabled use case (e.g. AR/VR) in the table of representative use cases for selection for evaluation. 
2.5 Definition of packet size
The definition of packet size may be different in different TRs. For transport industry, according to the reliability defined in 22.186 as below, the packet size is based on L2/L3 SDU. 

“Reliability (%): The success probability of transmitting X bytes within a certain delay, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface.”

However, for power distribution and factory automation, according to the definition of message size defined in 22.804 as below, the packet size is based on application layer. Hence, considering the packet size from application layer, some header needs to be added in addition to the packet size defined in the table. 

“Message size: The user data length indicates the (maximum) size of the user data packet delivered from the application to the ingress of the communication system and from the egress of the communication system to the application.”

For simplicity, it was agreed that the packet size is based on L2/L3 SDU in the evaluation by the email discussion, while header overhead is FFS. If the packet size is based on L2/L3 SDU, then 6 bytes RLC and MAC overhead can be assumed. 
Proposal 8: Additional 6 bytes header overhead is assumed for evaluation based on the packet size given in the table of representative use cases for selection for evaluation.  
2.6 Summary
Based on section 2.1 to section 2.5, Table 1 could be modified to Table 2 and Table 2 can be the table of representative use cases for selection for Rel-16 NR URLLC evaluation. 
Table 2. Representative use cases for selection for Rel-16 NR URLLC evaluation
	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)
	47 for urban macro
61 for highway

	DL: 2083 bytes; ftp model 3 with arrival interval 1/60 s

UL: 5220 byte; Periodic with arrival interval 1/60 s 
	Remote driving 



	Power distribution

(22.804:5.6.4 &5.6.6)
	99.9999
	5(end to end latency)
	8
	DL & UL:

80 byte 

ftp model 3 with arrival interval 100ms
	Power distribution grid fault and outage management 

	
	99.999 
	15(end to end latency)
	8
	DL & UL:

250 byte 

Periodic and deterministic with arrival interval 0.833 ms
	Differential protection

	Factory automation


	99.9999
	2(end to end latency)
	 4, 40
	DL & UL:

20 byte,  50 byte
Periodic and aperiodic deterministic traffic model

Note: Other value e.g. 32 bytes is not precluded
	Motion control

	Rel-15 enabled use case (e.g. AR/VR)  
	99.999, 99.9 
	1ms to 7ms (air interface delay)
	1, 5, 10, 20
	DL & UL:

32, 200, 4096, 10 K bytes 

FTP model 2/3 or periodic with different arrival rates
	Companies report the combination of the requirement 


Proposal 9: Take Table 2 as the table of representative use cases for selection for Rel-16 NR URLLC evaluation.
3 Remaining assumptions for system level evaluation  

The simulation assumptions in this section can be used as a baseline for NR URLLC evaluation and can be modified later as necessary.
3.1 Performance metric

According to the summary of the email discussion [3], the following two options were identified applicable for Rel-16 NR URLLC evaluation:
· Option 1: Percentage of users satisfying reliability and latency requirements 

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

· Option 2: URLLC capacity as defined in TR 38.802 
· Applicable for the case that the number of UEs and/or the data arrival rate is adjustable 

· FFS the value of X (e.g. 5% or 0%) 
As shown above, different options can be applicable for different use case. Since the use cases for URLLC require high reliability and low latency, it seems not acceptable that some UEs in the deployed scenario cannot satisfy the requirements. Therefore, the target of percentage in Rel-16 NR URLLC would be close to 100% percentage of users satisfying 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%. 
One challenging point for option 2 is that it will increase the simulation workload a lot, because different number of users and/or different data arrival rate may need to be evaluated. Therefore, to reduce the workload, we slightly prefer option 1 for Rel-16 NR URLLC evaluation. 
Proposal 10: The performance metric for Rel-16 NR URLLC evaluation includes at least the percentage of users satisfying reliability and latency requirements. 

3.2 Evaluation scenarios for Transport Industry 
In this section, simulation settings on the additional parameters for both urban macro and high way are provided. Urban macro can be prioritized if needed. Note that the value of a parameter is from the TR 37.885 if there is no specific description.    
Proposal 11: Take the simulation assumptions in Table 3 and Table 4 as the starting point for Rel-16 NR URLLC system level evaluation for transport industry.  

3.2.1   Urban Macro 
The simulation settings in Table 3 can be used for Urban Macro for Transport Industry. Note that to reduce the simulation workload, only 4 GHz is used in Table 3. However, this does not imply any restriction on the duplex mode and frequency range for Rel-16 URLLC study. For example, evaluation of 700 MHz and/or 2 GHz are not precluded. 
Table 3: System-level evaluation assumptions (Urban Macro for Transport Industry)
	Parameters
	Value

	Layout
	Single layer - Macro layer: Road configuration in Figure 6.1.9-1 in 38.913 and BS placement as depicted in Figure A.1.3-1 in 36.885.

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Simulation bandwidth
	40 MHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	4 Tx/4 Rx antenna ports 
(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1);

dH = 0.5λ, dV = 0.8λ;

102 degree for 500m ISD

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi, 

	BS receiver noise figure
	5dB

	UE antenna configuration
	2 Tx/4 Rx antenna ports 

Panel model 1: Mg=1, Ng=1, P=2, dH=0.5

	UE receiver noise figure
	9 dB

	UE antenna height
	1.6m (Type 2 vehicle UE type in 37.885)

	Total transmit power per TRxP
	49 dBm 

	UE distribution
	Similar as Option A in 37.885
-
Vehicle type distribution: 100% vehicle type 2.
-
Vehicle speed is 60 km/h in all the lanes.

	Parameters with the value not defined in 37.885

	SCS 
	30 kHz

Note: Other values for evaluation are not precluded.

	Number of UEs per cell
	Up to 30

	UE power control
	Companies report the PC mechanisms used for URLLC. 

	HARQ/repetition
	Companies report (including HARQ mechanisms).

	Channel estimation
	Realistic

	BS receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.


3.2.2   Highway  

The simulation settings in Table 4 can be used for highway for transport industry, where only the parameters with different values from urban macro in Table 3 are listed. 
Table 4: System-level evaluation assumptions (Urban Macro for Transport Industry)
	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 distribution
	Similar as Option A in 37.885
-
Vehicle type distribution: 100% vehicle type 2.
-
Vehicle speed is 140 km/h in all the lanes.


3.3 Evaluation scenarios for power distribution  
As shown in [3], the simulation assumptions for power distribution was agreed with FFS on the antenna ports. Since 4 Rx is mandatory for 4 GHz, it would be reasonable to set 4 Tx/4 Rx antenna ports at gNB side and 2 Tx/4 Rx antenna ports at UE side as baseline as shown in Table 5. Higher BS antenna configurations and higher UE antenna configurations are not precluded.     
Table 5:  Additional system-level evaluation assumptions (Urban Macro for power distribution)
	Parameters
	Value

	BS antenna configuration
	4 Tx/4 Rx antenna, etc. 
(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1);

dH = 0.5λ, dV = 0.8λ;

102 degree for 500m ISD 

Note: Higher BS antenna configurations for evaluation are not precluded

	UE antenna configuration
	2 Tx/4 Rx antenna ports

Panel model 1: Mg=1, Ng=1, P=2, dH=0.5

Note: Higher UE antenna configurations for evaluation are not precluded


Proposal 12: Take the BS antenna configuration of 4 Tx/4 Rx antenna ports and the UE antenna configuration of 2 Tx/4 Rx antenna ports as the baseline for evaluation for power distribution.  
3.4 Evaluation scenarios for factory automation  
As shown in [3], the simulation assumptions for factory automation was agreed with a few points for FFS. Table 6 provides our views on the parameters for further discussion. Similar as that for power distribution, since 4 Rx is mandatory for 4 GHz, it would be reasonable to set 4 Tx/4 Rx antenna ports at gNB side and 2 Tx/4 Rx antenna ports at UE side as baseline. Higher BS antenna configurations and higher UE antenna configurations are not precluded. For other parameters, considering the channel model defined in 38.901 may need to be extended to better match industrial facilities characteristic, it is slightly preferred to take the ones defined in 38.901 as the baseline then companies could report the modification if any. 
Table 6: System-level evaluation assumptions (Indoor hot-spot for factory automation)

	Parameters
	Value

	BS antenna configurations
	4 Tx/4 Rx antenna, etc. 
(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1);

dH = 0.5λ, dV = 0.8λ;

102 degree for 500m ISD 

Note: Higher BS antenna configurations for evaluation are not precluded 

	BS antenna height
	3 m
Note: Companies report the modification of the layout

	UE antenna configuration
	2 Tx/4 Rx antenna ports

Panel model 1: Mg=1, Ng=1, P=2, dH=0.5

Note: Higher UE antenna configurations for evaluation are not precluded

	Parameters with the value not defined directly for factory automation in 38.802

	Layout
	Single layer as defined in 38.802

Note: Companies report the modification of the layout 

	Number of UEs per cell
	Up to 40


Proposal 13: Take the simulation settings on the additional parameters in Table 6 as the starting point for Rel-16 NR URLLC system level evaluation for factory automation.  
4 Assumptions for Link level evaluation  

In addition to system-level simulation, link-level simulation may be needed for URLLC evaluation. The simulation settings in this section can be used as a baseline and can be modified later as necessary. For link-level simulation, the assumptions for different use cases seems not so divergent, thus we can sort the scenarios as urban macro and indoor hot-spot. Additional parameters for a certain channel can be added later if necessary.   
Proposal 14: Take the simulation settings in Table 7 and Table 8 as the starting point for Rel-16 NR URLLC link level evaluation.  

4.1 Link level simulation assumptions for Urban Macro

This deployment is mainly for transport industry and power distribution. The following link simulation assumptions are used:
Table 7: Link-level simulation assumptions (Urban Macro) 
	Parameter
	Value

	Carrier frequency for evaluation
	4GHz

	Channel model
	TDL-C (delay spread: 300ns)  as in 38.901

	Deployment
	Urban macro as listed in 3GPP 38.802

	UE speed
	3 km/h, 60 km/h, 140 km/h

	BS TX antenna configuration
	4 Tx ports

	BS RX antenna configuration
	4 Rx ports

	UE TX antenna configuration
	2 TX ports

	UE RX antenna configuration
	4 RX ports 

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz

Note: Other values for evaluation are not precluded.  

	Channel estimation
	Practical

	Receiver type
	MMSE

	Q value (i.e. SINR range) 
	Companies could report the Q value (e.g. could consider the one from ITU evaluation) 


4.2 Link level Simulation assumptions for Indoor hot-spot 

This deployment is mainly for factory automation. However, as described in [3], the channel model defined in 38.901 may need to be extended to better match industrial facilities characteristic. Similar handling for system level simulation could be used for link level simulation. In case evaluation would be done with possible modified parameters reported by companies for channel model, the simulation settings in Table 8 can be used for indoor hot-spot for factory automation:
Table 8: Link-level simulation assumptions (Indoor hot-spot) 
	Parameter
	Value

	Carrier frequency for evaluation
	4GHz

	Channel model
	Baseline: TDL-D (delay spread: 30ns)  as in 38.901
Note: Companies report the modification of the channel model

	Deployment
	Baseline: Indoor hot-spot as listed in 3GPP 38.802
Note: Companies report the modification of the channel model

	UE speed
	3 km/h, 30 km/h

	BS TX antenna configuration
	4 Tx ports

	BS RX antenna configuration
	4 Rx ports

	UE TX antenna configuration
	2 TX ports

	UE RX antenna configuration
	4 RX ports 

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz

Note: Other values for evaluation are not precluded. 

	Channel estimation
	Practical

	Receiver type
	MMSE

	Q value (i.e. SINR range) 
	Companies could report the Q value (e.g. could consider the one from ITU evaluation)


5 Conclusions
The contribution firstly discusses the detailed requirements for the prioritized URLLC use cases, and then discusses the evaluation assumptions and methodology. Based on the discussion, we have the following proposals:

Proposal 1: Remove the bracket on the reliability and end to end latency for remote driving in the table of representative use cases for selection for evaluation. 
Proposal 2: 2 ms air interface latency is assumed for evaluation for remote driving, with the assumption of 3 ms CN delay in 5 ms end-to-end latency. Other values for evaluation are not precluded.
Proposal 3: The following two traffic models can be considered for evaluation for remote driving:

· Model 1 (2 streams 4K@60fps video, plus sensors): 2083 byte packets with Poisson-distributed arrival rate of 60 packet/sec for DL. 52083 byte packets with arrival interval of 1/60 sec for UL.

· Model 2 (2 streams 720p@60fps video, plus sensors): 2083 byte packets with Poisson-distributed arrival rate of 60 packet/sec for DL. 5220 byte packets with arrival interval 1/60 sec for UL.

Proposal 4: The maximum number of UEs per cell for remote driving is 47 for urban macro scenario and 61 for highway scenario.
Proposal 5: Remove the bracket on the reliability for differential protection in the table of representative use cases for selection for evaluation. 
Proposal 6: For factory automation, at least the use case defined in section 5.3.2 in TR 22.804 for motion control with 2ms end to end latency, 4 UEs per cell, 20 byte packet size and 99.9999 % reliability should be used as one of the representative use case for evaluation.  

Proposal 7: Remove the bracket on the reliability, air interface delay and packet size for Rel-15 enabled use case (e.g. AR/VR) in the table of representative use cases for selection for evaluation. 
Proposal 8: Additional 6 bytes header overhead is assumed for evaluation based on the packet size given in the table of representative use cases for selection for evaluation.  
Proposal 9: 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)
	# of UEs
(per cell)
	Data packet size and traffic model
	Description 

	Transport Industry

(22.186: 5.5)
	99.999
	5 (end to end latency)
	47 for urban macro

61 for highway

	DL: 2083 bytes; ftp model 3 with arrival interval 1/60 s

UL: 5220 byte; Periodic with arrival interval 1/60 s 
	Remote driving 



	Power distribution

(22.804:5.6.4 &5.6.6)
	99.9999
	5(end to end latency)
	8
	DL & UL:

80 byte 

ftp model 3 with arrival interval 100ms
	Power distribution grid fault and outage management 

	
	99.999 
	15(end to end latency)
	8
	DL & UL:

250 byte 

Periodic and deterministic with arrival interval 0.833 ms
	Differential protection

	Factory automation


	99.9999
	2(end to end latency)
	 4, [40]
	DL & UL:

20 byte,  50 byte
Periodic and aperiodic deterministic traffic model

Note: Other value e.g. 32 bytes is not precluded
	Motion control

	Rel-15 enabled use case (e.g. AR/VR)  
	99.999, 99.9 
	1ms to 7ms (air interface delay)
	1, 5, 10, 20
	DL & UL:

32, 200, 4096, 10 K bytes 

FTP model 2/3 or periodic with different arrival rates
	Companies report the combination of the requirement 


Proposal 10: The performance metric for Rel-16 NR URLLC evaluation includes at least the percentage of users satisfying reliability and latency requirements. 
Proposal 11: Take the simulation assumptions in Table 3 and Table 4 as the starting point for Rel-16 NR URLLC system level evaluation for transport industry.  

Proposal 12: Take the BS antenna configuration of 4 Tx/4 Rx antenna ports and the UE antenna configuration of 2 Tx/4 Rx antenna ports as the baseline for evaluation for power distribution.  

Proposal 13: Take the simulation settings on the additional parameters in Table 6 as the starting point for Rel-16 NR URLLC system level evaluation for factory automation.  

Proposal 14: Take the simulation settings in Table 7 and Table 8 as the starting point for Rel-16 NR URLLC link level evaluation.  
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Appendix A 
This Annex offers the potential use cases and the corresponding performance requirements for Rel-16 NR URLLC, from TR 22.804 for factory automation and electrical power distribution and from TS 22.186 for transport industry. However, this does not imply that Rel-16 NR URLLC is necessarily restricted to the use cases provided in this Annex.  
A.1.1
Requirements for Factory automation and Electrical power distribution

The following use cases for factory automation and electrical power distribution from the Appendix F in TR 22.804 can be the potential use cases for Rel-16 NR URLLC.     

	Use case (Clause #)


	Characteristic parameter (KPI)
	Influence quantity
	Related requirement
	Remark

	
	Communication service availability
	End-to-end latency: target value
	End-to-end latency: jitter
	Service bit rate: user-experienced data rate (note)
	Message size [byte]
	Transfer interval: target value
	Survival time
	UE speed
	# of UEs
	Service area
	
	

	5.3.2
	99,9999% to 99,999999%
	< transfer interval
	
	 
	40
	1 ms 
	1 ms
	≤ 20 m/s
	≤ 50
	 
	Factories of the Future 2.1, 2., 2.8, 2.10
	Motion control; cyclic interaction

	5.3.2
	99,9999% to 99,999999%
	< transfer interval
	
	 
	50
	0,5 ms 
	0,5 ms
	≤ 20 m/s
	≤ 20
	 
	Factories of the Future 2.2, 2.8, 2.10
	Motion control; cyclic interaction

	5.3.2
	99,9999% to 99,999999%
	< transfer interval 
	
	 
	20
	2 ms 
	2 ms
	≤ 20 m/s
	≤ 100
	 
	Factories of the Future 2.3, 2.8, 2.10
	Motion control; cyclic interaction

	5.3.5
	99,9999% to 99,999999%
	< transfer interval 
	
	 
	1 k
	≤ 4 ms 
	 
	 
	5 to 10
	 
	Factories of the Future 5.1, 5.3, 5.6
	Control-to-control communication (motion subsystems); cyclic interaction; in the future up to 100 UEs. 

	5.3.7
	> 99,9999%
	< transfer interval 
	< 50% of transfer interval
	 
	40 to 250
	1 ms 
	1 ms
	≤ 14 m/s
	≤ 100
	≤ 1 km2 
	Factories of the Future 7.1, 7.6
	Mobile robots; cooperative robotic motion control; cyclic interaction

	5.3.7
	> 99,9999%
	< transfer interval 
	< 50% of transfer interval
	 
	40 to 250
	1 ms to 10 ms 
	1 ms to 10 ms
	≤ 14 m/s
	≤ 100
	≤ 1 km2 
	Factories of the Future 7.1, 7.6
	Mobile robots; machine control; cyclic interaction

	5.3.7
	> 99,9999%
	< transfer interval 
	< 50% of transfer interval
	 
	40 to 250
	1 ms to 50 ms 
	1 ms to 50 ms
	≤ 14 m/s
	≤ 100
	≤ 1 km2 
	Factories of the Future 7.1, 7.6
	Mobile robots; cooperative driving; cyclic interaction

	5.3.7
	> 99,9999%
	< transfer interval 
	< 50% of transfer interval
	 
	40 to 250
	10 ms to 100 ms 
	10 ms to 100 ms
	≤ 14 m/s
	≤ 100
	≤ 1 km2 
	Factories of the Future 7.1, 7.6
	Mobile robots; video-operated remote control; cyclic interaction

	5.3.7
	> 99,9999%
	< transfer interval 
	< 50% of transfer interval
	 
	15 k to 250 k
	40 ms to 500 ms 
	40 ms to 500 ms
	≤ 14 m/s
	≤ 100
	≤ 1 km2 
	Factories of the Future 7.1, 7.6
	Mobile robots; video-operated remote control; standard mobile robot operation and traffic management; cyclic interaction

	5.3.8
	> 99,9999%
	≤ 10 ms
	
	≤ 100 Mbit/s
	 
	 
	 
	 
	 
	 
	Factories of the Future 8.2, 8.10, 8.11
	Massive wireless sensor networks; connection density up to 1/m2; normally, all connected devices are not sending or receiving messages at the same time.

	5.6.4
	≥ 99,9999%
	< 5 ms
	
	 
	 
	 
	 
	 
	 
	 
	Electric Power Distribution 3.1, 3.2
	Power distribution grid fault and outage management: distributed automated switching for isolation and service restoration for overhead lines; peer-to-peer (here: UE to UE)

	5.6.5
	≥ 99,9999%
	< 10 ms
	
	 
	 
	 
	 
	 
	 
	 
	Electric Power Distribution 4.2, 4.3
	Smart Grid: synchronicity between the entities

	5.6.6
	
	< transfer interval 
	< 50% of transfer interval
	
	250
	0,8 ms 
	
	
	
	
	Electric Power Distribution 5.1, 5.2, 5.4
	Differential protection; peer-to-peer communication

	5.6.6
	
	< 15 ms
	
	
	
	
	
	
	
	
	Electric Power Distribution 5.3
	Differential protection; peer-to-peer communication


A.1.2
Requirements for Remote Driving

The following performance requirements for remote driving are defined in Table 5.5-1 in TS 22.186.     

	Communication scenario description
	Req #
	Max end-to-end latency (ms)
	Reliability (%)
	Data rate (Mbps)

	Information exchange between a UE supporting V2X application and a V2X Application Server
	[R.5.5-002]
	5
	99.999
	UL: 25

DL: 1


