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This document summarizes the key issues discussed under agenda item 7.2.6.1 based on the views expressed in the contributions submitted to this agenda as listed in the Appendix.
Evaluation assumptions and methodology 
In order to establish the baseline performance achievable with Rel-15 URLLC and to investigate the necessary improvement for the prioritized URLLC use cases, evaluations and simulations may be needed. Such evaluations and simulations can be used as appropriate and as needed in this study item. Several companies discussed the evaluation assumptions and methodology explicitly in their contribution [13][17][5][3][38][39].
Use cases and Requirements 
The SID lists three main use cases, factory automation, transport industry and electrical power distribution. In addition, AR/VR for the entertainment industry is listed as a use cases for Rel-15 enhancements. TR 22.804 and 22.886 provide detailed description of these identified use cases. Contributions [13][3][17] discuss the specific use cases and requirements for Rel-16 NR URLLC based on the description in TR 22.804 and 22.886. These identified use cases should be captured in the TR 38.824 for Study on physical layer enhancements for NR URLLC. See examples in [3][13][17] as shown in Appendix A.   

Proposal 1: Capture the potential specific use cases and requirements for Rel-16 NR URLLC in the TR 38.824. 
Draft TP is provided in R1-1809863

To reduce the evaluation workload, evaluation can be done only for a selected number of representative use cases. Based on the discussion in contributions [13][3][17], we can consider the following proposal:
Proposal 2: Select one or more representative use case(s) for the prioritized use cases in the SID and/or the generic use case for evaluation, which use case(s) to evaluate is up to companies.
The following table of representative use cases for selection as an example:
	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: [2083] byte; 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] 
	[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 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
	Motion control

	Generic use case
	99.999 to 99.9999
	[1ms] (air interface delay)
	[1, 5, 10, 20]
	[32, 256,2048] bytes 
FTP model 2/3 or periodic with different arrival rates
	Companies report the combination of the requirement 



Note: The details on above the requirements can refer to R1-1809337.
Note: Companies are encouraged to review the values and provide initial evaluation if desired. These values can be revisited in the next meeting.
Note: 3ms ~ 10ms CN delay for differential protection (i.e. power distribution case 2) could be considered. 

The interest from companies for evaluation:
Transport Industry: Huawei, Sony, CMCC, VDF
Factory automation: Qualcomm, Nokia, Sony, DCM, Samsung	, ZTE, Ericsson, VDF 
Power distribution: Huawei, CMCC, China southern power grid, ZTE, VDF
Generic use case: Qualcomm, DCM, HiSilicon, AT&T, Intel



System level evaluation 
Performance metric
Contributions [13][3][17] discuss the potential performance metric. Based on the discussion, we can consider the following proposal:

Proposal 3: Companies could evaluate the number of users satisfying reliability and latency requirements. 
Note: Companies should report the simulation bandwidth and/or the CDF of UE geometry 

Evaluation scenarios
Contributions [13][3][17] discuss the potential evaluation scenarios. Based on the discussion, we can consider the following proposal:

Note: The deployment and channel models in the existing TRs (e.g. 38.802, 37.885 and 38.901) could be considered. 
See examples in [3][17] as shown in Appendix B.


Other assumptions on parameters such as the number of layers may be made, as described in an email from Nokia. 

Proposal 4: Additional assumptions for evaluation:
· Companies report overhead modeling (e.g. PDCCH overhead) used by companies in the simulation 
· Companies report modification to channel models if any
· Companies report power control mechanisms 
· Companies could report admission control assumptions if any

Link level evaluation  
In addition to system-level simulation, link-level simulation may be needed for URLLC evaluation. 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. For link level evaluation, parameters will depend on the specific channel (e.g. PDCCH, PUSCH) evaluated.
Proposal 5: Companies report detailed simulation assumptions for link-level simulation if any
· Companies could report the Q value (e.g. could consider the one from ITU evaluation)

Latency analysis 
Contributions [2][38][37] provide some analysis on latency, [38] from Ericsson mainly analyze the UP-plane latency and [37] from Qualcomm provide some analysis on RTT. It seems good to capture these analysis in the TR to show the evaluation from different perspective. 

Observation 1: The ITU evaluation on U-plan latency is taken as baseline performance achievable with Rel-15 for this Rel-16 SI on URLLC. 

Observation 2: The ITU evaluation on reliability is taken as baseline performance achievable with Rel-15 for this Rel-16 SI on URLLC. 

Baseline performance achievable with Rel-15 URLLC 
Establishing the baseline performance achievable with Release 15 URLLC considering the prioritized URLLC use cases is one of the main objectives in the SID. Companies are encouraged to provide the baseline performance evaluation and the evaluation results will be captured in TR 38.824.
Proposal 6: Companies are encouraged to provide evaluation on baseline performance achievable with Rel-15 NR URLLC.

PDCCH enhancements  
Many companies have provided analysis and/or evaluation to study PDCCH enhancements [1][3][5][6][8][12][14][15][16][17][18][20][21][23][24][27][30][31][33][34][37][39], mainly focus on compact DCI, PDCCH repetition and increased PDCCH monitoring capability. However, it was observed that the views on all the potential enhancements are not converged. In addition, the new Rel-16 SI on URLLC has defined much more stringent requirements (Higher reliability up to 1E-6 level) for the new identified use-cases such as Factory automation, Transport Industry, and Electrical Power Distribution. Especially as shown in section 2.1, one big difference from Rel-15 is that the requirement to support multiple users, thus PDCCH blocking should be considered and evaluated also. Besides, some companies mentioned that multi-TRP/panel could further improve the reliability also.  Therefore, it seems further study with a new set of baseline evaluation assumptions and methodology are needed to make further progress on this aspect of URLLC enhancements.

Proposal 3-1: Further evaluate the potential PDCCH enhancements for NR Rel-16 URLLC.
· Take the agreed (if any) simulation assumptions and methodology in section 2 as the starting point
· Further evaluate PDCCH reliability via system-level simulation and link-level simulation
· Achieve SINR distribution via system-level simulation  
· Further evaluate PDCCH blocking via system-level simulation
· Multi-TRP may be considered 

	Company
	View

	
	

	
	

	
	

	
	




Compact DCI
Many companies have provided analysis to study the potential benefits of compact DCI [3][4][5][6][8][15][18][23][24][26][31][34], the observed benefits including potential improving reliability and reducing PDCCH blocking. However, there are concerns on the scheduling restriction and increased UE complexity for blind decodes for some UEs [14][20][30]. According to the feature lead summary from Rel-15 NR URLLC of company evaluation results, a reduction of 10 bits can achieve 0.4~1dB gain for higher aggregation level (e.g. AL=8). In addition, several companies expressed the view that if compact DCI supported then targeting a reduction of 10-15 bits sounds reasonable. At least one company also expressed the view that study DCI for URLLC needed to check the fields that may not be necessary for URLLC and potential new fields that may needed to be added. 
Observation 3-1: Compact DCI may show benefits for improving reliability and reducing blocking. However, there are concerns on scheduling restrictions and increased UE complexity for BD for some UEs.
Proposal 3-2: Further study and evaluate DCI for URLLC, including compact DCI targeting a reduction of 10-15bits, and check necessary change of DCI fields for URLLC.
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PDCCH repetition
Many companies have provided analysis to study the potential benefits of PDCCH repetition [5][6][12][14][15][21][23][30][31][34], the observed benefits including potential improving reliability and reducing PDCCH blocking. However, there are concerns on the increased UE complexity for blind decodes for some UEs and may increase the latency [8][33]. In addition, several companies expressed the view that PDCCH repetition should consider different transmission assumptions and configurations (e.g. time/frequency resource, TCI/QCL/TRP assumptions, etc.). 
Observation 3-2: PDCCH repetition may show benefits improving reliability and reducing PDCCH blocking. However, there are concerns on increasing latency and blind decoding.
Proposal 3-3: Further study and evaluate PDCCH repetition considering different transmission assumptions and configuration (e.g. time/frequency resource, TCI/QCL/TRP assumptions).
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Increased PDCCH monitoring capability 
Many companies have provided analysis to study the potential benefits of increased PDCCH monitoring capability [1][6][14][15][24][30][31][37], the observed benefits including potential reducing latency. However, there are concerns on the increased UE complexity and power consumption [3][17][18]. 
Observation 3-3: Increasing the limit of the number of CCEs/BDs may reduce latency. However, there is concern on increasing UE complexity and power consumption. 
Proposal 3-4: Further study and evaluate increasing the limit of the number of CCEs/BDs for Rel-16 NR URLLC.
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UCI enhancements  
Increased number of HARQ transmission possibilities within a slot
Many companies have provided analysis to study the potential benefits of increasing the number of HARQ transmission possibilities within a slot [1][3][5][6][8][10][14][15][17][18][19][21][24][27][28][29][30] [32][35][37]. The potential benefits include enabling fast HARQ-ACK feedback to reduce the latency and enabling separate HARQ-ACK feedback for URLLC and eMBB. Some companies provide views on the potential detailed enhancements as below:
· Separate HARQ-ACK feedback for URLLC and eMBB: Huawei, NTT DCM, OPPO, InterDigital, Telecommunications, III 
· Finer K1 indication: Huawei, LGE, ZTE, Vivo, Sony
· Support a separate HARQ-ACK reporting procedure for URLLC: Nokia

Observation 4-1: More than one PUCCH transmission possibilities for HARQ-ACK within one has benefits to reduce the latency and enable separate HARQ-ACK feedback for URLLC and eMBB.  
Proposal 4-1: Study further how to enable more than one PUCCH transmission, including providing separate reporting procedure/feedback for URLLC and finer K1 indication. Studying other enablers is not precluded.  
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CSI enhancements 
Some companies have provided analysis and/or evaluation to study the potential benefits of CSI enhancement [3][37][17][24][5][26], while one company provides concern with this CSI enhancement [18]. In Rel-15, it was agreed to support aperiodic CSI on PUCCH and [3][37][17][24] further provided the analysis to study the potential benefits including providing on demand fast CSI feedback which may have lower overhead and better performance than P-CSI/SP-CSI for URLLC. As to CSI measurement, DMRS-based CSI measurement was analyzed and evaluated in [3][26]. Also CSI triggering and reporting were discussed [3][26][37][5].
Observation 4-2: A-CSI on short PUCCH provides on demand fast feedback which may have lower overhead and better performance than P-CSI/SP-CSI for URLLC.  
Proposal 4-2: Study further how to support A-CSI on short PUCCH, including triggering, CSI measurement and CSI reporting considering the observed performance.  
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Enhancements on UCI multiplexing 
Two companies proposed to use different sets of parameters (e.g. beta-offset or alpha factor) for UCI multiplexing on PUSCH for eMBB and URLLC [21][40]. Three companies proposed to use a beta-offset smaller than 1 or a smaller alpha factor for UCI multiplexing on PUSCH to protect URLLC data transmission. Two companies proposed to support simultaneous transmission of PUCCH and PUSCH [18][32]. 
Observation 4-3: Enhancements on UCI multiplexing on PUSCH may be needed.  
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PUSCH enhancements  
Mini-slot based repetition and retransmission  
Some companies have provided analysis to study the potential benefits of mini-slot level repetition [3] [5][6][6][14][15][17][21][30]. The main motivation to support mini-slot based repetition and retransmission is to reduce the latency, since it was observed that slot-based PUSCH repetition and retransmission is not applicable to the use cases with low latency (e.g. less than 1 ms) and high reliability (e.g. 1e^-6) under some certain subcarrier spacing (e.g. 15 kHz). One company feels no strong motivation to support mini-slot level repetition for grant based PUSCH [18] considering that gNB can schedule more symbols in one slot to achieve same reliability and latency compared with mini-slot level repetition. However, it seems if the data arrives at the later part of the slot then it is impossible to schedule more symbols in one slot.        
According to submitted contributions, to support mini-slot based repetition/retransmission, some companies provide views on some potential main mechanisms to study as below:
· Repetition pattern (consecutive repetitions or repetition with gap): Huawei, Intel, Nokia, NTT DCM, Panasonic, LG, ZTE, LG  
· Mini-slot level frequency hopping (e.g. inter repetition hopping): Huawei, Intel, NTT DCM, OPPO, Panasonic, Samsung
· Whether to support one repetition crossing slot boundary or not: OPPO, Huawei, NTT DCM
· Indication of the number of repetitions (e.g. indicate by DCI or by RNTI): Nokia, LG, CMCC, Sony 
· Multi-TRP based repetition: Huawei, Motorola, NTT DCM
· Frequency hopping for a code block: AT&T (applied to slot-based also)

Observation 5-1: Mini-slot based repetition/retransmission for grant based PUSCH has benefits to reduce latency.  
Proposal 5-1: Study further how to support mini-slot based repetition/retransmission for grant based PUSCH, including repetition pattern, mini-slot level frequency hopping, whether to support one repetition crossing slot boundary or not and indication of the number of repetitions and multi-TRP based repetition. Other mechanisms are not precluded. 
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Enhancements to scheduling/HARQ/CSI processing timeline
Support of out-of-order HARQ-ACK feedback  
Some companies have provided analysis to study the potential benefits of supporting out-of-order HARQ-ACK [3][15][18][22][29]. The main motivation to support out-of-order HARQ-ACK is to reduce the latency. Specifically, to support out-of-order HARQ-ACK, the UE can have the following behavior:
· For each HARQ process ID, the UE can receive a scheduled unicast PDSCH transmission with the same HARQ process ID before the end of the expected transmission of the HARQ-ACK for an earlier transmission on the same HARQ process ID.
· For any two HARQ process IDs A and B for a given cell, if scheduled unicast PDSCH transmission for A comes before the scheduled unicast PDSCH transmission for B then the (baseline capability) UE can be triggered to send the HARQ-ACK for B before the HARQ-ACK for A.
· For any two HARQ process IDs A and B for a given cell, if the DL/UL grant scheduling unicast PDSCH/PUSCH transmission A comes before (in time) the DL/UL grant scheduling unicast PUSCH transmission B, UE can be scheduled such that PDSCH/PUSCH for B is before the PDSCH/PUSCH for A.
One company mentioned it would have impact on PDSCH decoding. 
Observation 6-1: Support of out-of-order HARQ-ACK may have benefits to reduce latency.  
Proposal 6-1: Study how to support out-of-order HARQ-ACK for Rel-16 NR URLLC. 
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Enhanced UE processing time for N1/N2  
Some companies have provided analysis to study the potential benefits of enhanced UE processing time for N1/N2 [1][17][18][37][11]. The main motivation to support enhanced UE processing time for N1/N2 is to reduce latency. 
Observation 6-2: Enhanced UE processing time for N1/N2 may have benefits to reduce latency.  
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Enhanced CSI processing time 
Some companies have provided analysis to study the potential benefits of enhanced UE processing time for N1/N2 [3][17][18]. One motivation to support enhanced CSI processing time is to provide the chance for retransmission to use more accurate CSI and thus enable more efficient URLLC transmission and system capacity. 
Observation 6-3: Enhanced CSI processing time may have benefits to enable more efficient URLLC transmission and/or increase system capacity.  
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Enhanced UL scheduling procedure  
One company has provided analysis to study the potential benefits of enhanced UL scheduling procedure [2]. It was observed in [2] that PUCCH-based SR with reduced periodicity can decrease latency at the expense of excessive overhead, which will reduce available bandwidth for the UEs needing resources for UL data transmission. Therefore, enhanced UL scheduling procedures may be needed. 
Observation 6-4: Enhanced UL scheduling procedure may have benefit of reducing latency while lowering overhead to meet the wide range of URLLC requirements.  
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Appendix A: Contents on use cases and requirements in submitted contributions 
R1-1809516 (Huawei)
A.1 Requirements for remote driving (22.886 section 7.2.5)
According to TR 22.886 and TR 37.885, among the use cases for eV2X, the characteristic of remote driving matches URLLC well, and the corresponding requirements defined in 22.886 for remote driving are as below: 
-------------------------------------------------------------------------------------------------------------------------------
 [CPR.R-001]	The 3GPP system shall support user experienced data rate up to 1 Mbps at DL and 20 Mbps at UL for UE supporting V2X application between V2X application server and UE for an absolute speed of up to 250 km/h.
[CPR.R-002]	The 3GPP system shall support ultra-high UL and DL reliability [99.999 or higher] % for UE supporting safety-related V2X application.
[CPR.R-003]	The 3GPP system shall support end-to-end latency 5 ms between V2X application server and UE supporting safety-related V2X application for an absolute speed of up to 250 km/h.
Table 7.2.5-1 Performance requirements for remote driving
	Communication scenario
	Payload (Bytes)
	Max end-to-end
latency
(ms)
	Reliabi-lity (%)
	Data rate (Mbps)
	Communication range (meters)

	Section
#
	Description
	CPR #
	
	
	
	
	

	5.21
	Between a UE supporting V2X application & V2X Application Server.

Driver Control
	[CPR.R-004]
	
	[20]
	[99.999]
	UL: 25
DL: 1
	


-------------------------------------------------------------------------------------------------------------------------------
A.2 Requirements for factory automation and power distribution (Appendix F in 22.804)
In the Appendix F of 22.804, an overview about the characteristics and requirements of the different use cases for Factory Automation is given. URLLC could target for the use cases as below:  
	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

	NOTE: if not stated otherwise per instantiated communication service



R1-1808410 (CATT)
[bookmark: _Ref521247925]Table 1 Representative set of URLLC use cases for Rel-16 SI
	Vertical
	End-to-end latency (ms)
	Packet size
(bytes)
	Speed (km/h)
	Reliability
	Deployment area
	Number of UEs
	Other

	Factory automation – Motion control
	0.5 – 2 (Note 1)
	20-50
	≤ 72
	1 – 10-6

	≤100m2 indoor

	100
	1. Interaction with PLMN not required
2. High synchronicity between nodes



	Factory automation – Mobile robots
	1-10 (machine control) 
10-100 (remote control)
	15K-150K (video), 40-250 (control)
	≤ 50
	1 – 10-6

	≤ 1 km2 indoor/outdoor
	100
	In limited (indoor) area with small latency, no interaction with PLMN required
In wider area with relaxed latency, service continuity with PLMN may be required

	Power distribution
	50 (Note 2)
	100
	
	1 – 10-5

	Wide area
	
	Redundancy, potentially large number of devices


Note 1: cyclic transmission between controller, sensors and actuators
Note 2: Primary frequency control use case [4]

R1-1808705 (Intel)
After defining a set of two deployment scenarios, each of the prioritized use cases may be modelled assuming specific traffic generation models. For example, entertainment industry may be modeled by usual FTP traffic with relatively large packet sizes as well as by video traffic models. The factory automation traffic may be characterized by periodic arrival and relatively small packet sizes.
Proposal 2: 
· Consider the following traffic models for the prioritized eURLLC use cases:
· FTP model 2 and/or 3 with different arrival rates
· Small packet sizes: 32, 256 bytes
· Large packet sizes: 10 kB
· Periodic
· Small packet sizes: 32, 256 bytes
· 5, 10, 20, 50 ms arrival period
Appendix B: Examples of simulation settings in submitted contribution 
R1-1809337 (Huawei)
Transport Industry 
The value of a parameter is from the TR 37.885 if there is no specific description. In this section, simulation settings for both urban macro and high way are provided. Urban macro can be prioritized if needed.   
Proposal 5.1-1: Take the simulation settings in Table 5.1-1 as the starting point for Rel-16 NR URLLC system level evaluation for transport industry.  
  Urban Macro 
The simulation settings in Table 2 can be used for Urban Macro for Transport Industry.
Table 5.1-1: 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
	(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, including 3dB cable loss

	BS receiver noise figure
	5dB

	UE antenna configuration
	(Mp, Np, P, Mg, Ng) = (1,2,2,1,1)
(dH, dV) = (0.5, 0.5)λ
Antenna tilt 0 degree

	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, 60 kHz

	Number of UEs per cell
	Up to 30

	Traffic model
	DL (1Mbps ~=2083bytes*8bit*60)
-	Traffic (Aperiodic) for Inter-packet arrival time: 
·  FTP mode 3: Poison arrival distribution with arrival interval [1/60] s
-	Packet size: [2083] bytes with [2ms] latency and 99.999% reliability 
UL (2.5Mbps~ = 5220 bytes *8 bits*60)
-	Traffic (Periodic) for Inter-packet arrival time: 
· [1/60] s periodic
-	Packet size: [5220] bytes with [2ms] latency and 99.999% reliability.
L1 latency bound: [2] ms

	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.



  Highway  
The simulation settings in Table 5.1-2 can be used for highway for transport industry, where only the parameters with different values from urban macro in Table 5.1-1 are listed. 
Table 5.1-2: 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.



Power distribution  
The value of a parameter is from the TR 38.802 if there is no specific description. The simulation settings in Table 5.1-3 can be used for urban macro for power distribution. Rural scenario for power distribution is not precluded. 
Table 5.1-3: System-level evaluation assumptions (Urban Macro for power distribution)
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	(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
	Up to 8Tx/Rx antenna elements
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 1.5m)

	UE antenna gain
	0dBi as starting point

	UE receiver noise figure
	9 dB

	Total transmit power per TRxP
	49 dBm 

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

	Parameters with the value not defined in 38.802

	Number of UEs per cell
	Up to 10 

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz, 60 kHz

	UE distribution
	100% of users are outdoors 

	Traffic model
	Traffic (Periodic) for Inter-packet arrival time: 0.833 ms
Packet size: [250] bytes
CN delay: [3] ms
L1 latency bound: [6] ms

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

	HARQ/repetition
	Companies report (including HARQ mechanisms).

	Channel estimation
	Realistic



Proposal 5.1-2: Take the simulation settings in Table 5.1-3 as the starting point for Rel-16 NR URLLC system level evaluation for electrical power distribution.  
Factory automation  
Factory automation would mainly target for Indoor hot-spot. However, according to the LS on channel model for indoor industrial scenarios from 5G-ACIA, the channel model defined in 38.901 may need to be extended to better match industrial facilities characteristic. We may need to adjust some parameters of the channel model, like the layout or path loss related parameters. Further discussion is needed on what to do with the evaluation on factory automation considering accurate updated channel model is not available. The simulation settings in Table 5.1-4 can be used for indoor hot-spot for factory automation. 
Table 5.1-4: System-level evaluation assumptions (Indoor hot-spot for factory automation)
	Parameters
	Value

	Inter-BS distance
	20m

	Carrier frequency
	4 GHz

	UE Tx power
	23dBm

	BS antenna element gain + connector loss
	5 dBi

	BS receiver noise figure
	5dB

	BS antenna configurations
	4 GHz: Up to 256Tx/Rx antenna elements
(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ for 4GHz

	BS antenna height
	25m

	UE antenna configuration
	Up to 8Tx/Rx antenna elements
Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 1.5m)

	UE antenna gain
	0dBi as starting point

	Total transmit power per TRxP
	24 dBm for 20 MHz bandwidth 

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

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

	SCS 
	30 kHz, 60 kHz

	Simulation bandwidth 
	40 MHz

	Layout
	Single layer as defined in 38.802
Indoor floor: (25BSs per 100m x 100m)

Note: Companies report the modification of the layout 

	Channel model 
	ITU InH for 4 GHz
Companies report the modification of the channel model 

	Number of UEs per cell
	Up to 10

	UE distribution
	100% of users are indoor: 3 km/h or 30 km/h UE-speed

	Traffic model
	Traffic (Periodic) for Inter-packet arrival time: [2] ms
Packet size: 50 bytes
CN delay: [1]ms
L1 latency bound: [1] ms

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

	HARQ/repetition
	Companies report (including HARQ mechanisms).

	Channel estimation
	Realistic



Proposal 5.1-3: Take the simulation settings in Table 5.1-4 as the starting point for Rel-16 NR URLLC system level evaluation for factory automation.  

R1-1808705 (Intel)
Define two different deployment scenarios wherein the different use cases may only be distinct by traffic model assumptions and associated requirements and performance metrics.
Proposal 5.2-1: 
· URLLC UMa and InH scenarios defined in TR 38.802/38.913 are taken as a starting point for defining a new evaluation methodology for eURLLC with at least the following necessary updates:
· Use NR channel model defined in TR 38.901 instead of TR 36.873
· Change UE indoor-outdoor mix ratio to 80% outdoor, 20% indoor
· Consider 100% low-loss buildings for the penetration loss modeling
· Add FR2 related parameters for the InH scenario

