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1	Introduction

During RAN WG1 #94bis, we have made agreements on evaluation of MU-MIMO enhancement and multi-TRP/panel [1], and they are captured in Annex in the end of this contribution. 
In this contribution, the additional proposals on the evaluation assumption are captured. 
One contribution [2] is discussing on the additional consideration on multi-TRP/panel evaluation for URLLC service. Based on the agreement on URLLC evaluation above, we have one remaining point on the selection of the subset of the evaluation scenarios agreed in the URLLC agenda item. The agreements in URLLC agenda item have been captured in Appendix A. 
Another contribution [3] is proposing to change evaluation assumption on enhancement of beam management, especially for network configuration and additional UE features such as UE mobility/rotate/blockage. Also, one proposal on using different blocking region parameter from TR38.901 is proposed. 
The comments from the companies are summarized and based on the summary, possible agreement are proposed in this contribution.
2. Evaluation methodologies for Multi-TRP/panel enhancements for URLLC
In RAN1 #94bis, we have agreed to follow the agreed URLLC evaluation assumption when evaluating techniques for multi-TRP/panel enhancement intended for URLLC service.  
Agreement
For URLLC multi-TRP/panel performance evaluation, choose a subset of evaluation scenarios/assumptions agreed in the URLLC agenda item

Issue 2-1. Evaluation Scenarios for URLLC

The contribution R1-1812261[2], raised the following issue which is not conclude at the RAN1 #94bis, and propose to focus on UMa and indoor hotspot scenarios as baseline. Since all the URLLC use cases are assuming to evaluate with 4GHz UMa and 4/30GHz indoor hotspot scenarios, it looks natural to endorse the agreement in eMIMO evaluation.
Proposal 2-1: Support Rel-15 enabled use case with UMa and indoor hotspot scenarios as the baseline for URLLC multi-TRP/panel performance evaluation. 

	Company
	View

	ZTE
	Support

	Nokia, NSB
	Support

	DCM
	As currently, there are several use cases for URLLC with different requirements. It is better to use the same use case for evaluation and comparison. Companies can report which use case is used.

	LGE
	Same view with DCM that companies can report which use case is used.  

	Samsung
	Same view with DCM

	Huawei
	Given that there are some difference of simulation assumptions/metrics between eMBB and URLLC scenarios, we prefer to follow use cases defined in URLLC by enabling multi-TRP. Similar with issue 2-2, companies can report details of implemented evaluations of URLLC multi-TRP.  

	Ericsson
	We also prefer to follow the use cases defined in URLLC.  Companies can report results for the use case they evaluated.

	QC
	Agree with DCM. Instead of defining a baseline, it is better to leave this to companies to report, as there are several use cases defined in eURLLC agenda item, and different companies might have different views. For example, indoor hotspot layout is also mentioned for the Factory Automation use case.



Issue 2-2. Use cases for URLLC
For URLLC evaluation, several use cases and scenarios are agreed in URLLC agenda based on different requirements. Since not all use cases are taken into account in the company proposals, it is natural to allow freedom to the company when choosing evaluation scenarios. 
Though the contribution [3] also proposed the table for evaluation assumption, it is recommended company to provide the updates and changes from the agreed evaluation assumption in TR38.824 (which is in the annex in this contribution.).


Proposal 2-2: The selection of the use cases/evaluation scenarios for evaluating multi-TRP techniques for URLLC services are up to companies’ decision. Companies also provide the updates or the changes from the evaluation assumptions in TR38.824 if exist.
	Company
	View

	Nokia, NSB
	Support

	DCM
	Support

	LGE
	Support

	Samsung
	Support

	Huawei
	Support

	Ericsson
	Support

	QC
	Support



Possible agreement: For evaluation of multi-TRP techniques for URLLC services, companies use one or more of the use cases/evaluation scenarios in TR38.824.

3. Evaluation methodologies for Multi-beam operation enhancements
Issue 3-1. Evaluation Scenarios
One contribution [3] is proposing that the configuration of Dense Urban scenario should be “macro-layer” only not micro-layer only.

Proposal 3-1: Change ‘Dense Urban Micro layer only’ scenario to ‘Dense Urban Macro layer only’ scenario in SLS evaluation scenarios for multi-beam enhancement.
 
	Company
	View

	Huawei, HiSilicon
	Support

	Nokia, NSB
	Support

	DCM
	As we have agreed to use Micro layer only and have some evaluation results on it, it is better to keep the current assumption.

	LGE
	OK with proposal

	Samsung
	Support

	Ericsson
	Support



Possible agreement: Consider ‘Dense Urban Macro layer only’ for evaluation scenarios for multi-beam enhancement.


Issue 3-2. UE Mobility/Rotation/Blockage 
The contribution [3] is also proposing to mandate add-on features (UE mobility/rotation/blockage) for LLS/SLS.
Proposal 3-2: Add-on features such as UE mobility/rotation/blockage should be mandated in LLS/SLS for multi-beam enhancement.
	Company
	View

	Huawei, HiSilicon
	Support

	Nokia, NSB
	Not necessary, and it is enough that company is recommended to take into account the possible impact of add-on features.  

	DCM
	Not necessary

	LGE
	Not necessary

	Samsung
	Not necessary

	Ericsson
	Not necessary

	QC
	Support for the rotation/blockage.



Also, it is proposed that some parameters (e.g. elevation angle) in TR38.901 on blocking model should be further checked for LLS, 

Proposal 3-3: Blocking region parameters in TR38.901 Table 7.6.4.1-2 should be further checked for LLS, for example, elevation angles should not be fixed as 90o but be adjusted according to angle information provided in the applied CDL channel models.
 
	Company
	View

	Huawei, HiSilicon
	Support

	Nokia, NSB
	Up to companies’ assumption.

	DCM
	Up to companies’ assumption.

	LGE
	Up to companies’ assumption.

	Samsung
	Up to companies’ assumption.

	Ericsson
	Up to companies’ assumption.

	QC
	Up to companies’ assumption.




Possible Agreement: Companies can optionally use a different parameterization of the elevation angles , in addition to the blocking region parameters in TR38.901 Table 7.6.4.1-2 .


Reference
R1-1812101 Final Report of 3GPP TSG RAN WG1 #94bis v1.0.0 MCC support
R1-1812261 Evaluation assumptions for URLLC multi-TRP/panel ZTE
R1-1813690	Evaluation assumptions for multi-beam operation	Huawei, HiSilicon

Annex: Agreement on eMIMO EVM during RAN1 94bis meeting


Agreement
Existing EVM (Table A.2.1-1 of TS38.802 or NR phase 2 EVM) can be a starting point with additional updates.
Proposal 2-0: Use the table 2-1 with the following additional updates
Table 2-1. SLS assumptions for CSI enhancement 
	Parameter
	Value

	Duplex, Waveform 
	FDD (TDD is not precluded), OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only) is a baseline. 
Other scenarios (e.g. UMi@4GHz 2GHz, Urban Macro) are not precluded.

	[bookmark: _GoBack]Frequency Range
	FR1 only, 4GHz.

	Inter-BS distance
	200m 

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	Companies need to report which option(s) are used between
· 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
· 16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
Other configurations are not precluded.

	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2
2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) Type II overhead reduction
Other configuration is not precluded.

	BS Tx power 
	41 dBm

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	10 MHz for 15kHz as a baseline, and configurations which emulate larger BW, e.g., same sub-band size as 40/100 MHz with 30kHz, may be optionally considered.

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU/MU-MIMO with rank adaptation is a baseline for overhead reduction.
For low RU, SU-MIMO or SU/MU-MIMO with rank adaptation are assumed for higher rank extension.
For medium/high RU, SU/MU-MIMO with rank adaptation is assumed for higher rank extension.

	MIMO layers
	For all evaluation, companies to provide the assumption on the maximum MU layers (e.g. 8 or 12)

	CSI feedback 
	Feedback assumption at least for baseline scheme
· CSI feedback periodicity (full CSI feedback) :  5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Overhead 
	Companies shall provide the downlink overhead assumption

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes
Other FTP model is not precluded.

	Traffic load (Resource utilization)
	· 50/70 % for CSI overhead reduction
· 20/50 % for high rank extension
Companies are encouraged to report the MU-MIMO utilization.

	UE distribution
	- 80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI feedback overhead as baseline metrics. 
Additional metrics, e.g., ratio between throughput and CSI feedback overhead, can be used.
Maximum overhead (payload size for CSI feedback)for each rank at one feedback instance is the baseline metric for CSI feedback overhead, and companies can provide other metrics.

	Baseline for performance evaluation
	Rel-15 Type II Codebook is the baseline for performance and overhead evaluation for overhead reduction. (Type I Codebook can be considered at least for performance evaluation)
· Companies are encouraged to compare the proposed overhead reduction scheme with Rel-15 overhead reduction scheme, 
Rel-15 Type I Codebook is the baseline for performance and overhead evaluation for higher rank codebook. 




Agreement
For multi-TRP/panel performance evaluation:
· For eMBB in FR1, 10MHz BW and 15kHz SCS are baseline.
· For eMBB in FR1, 20MHz BW and 30kHz SCS are optional.
· For eMBB in FR2, 80MHz BW and 120kHz SCS are baseline.

Agreement
For URLLC multi-TRP/panel performance evaluation, choose a subset of evaluation scenarios/assumptions agreed in the URLLC agenda item

Agreement
For eMBB multi-TRP/panel performance evaluation, FTP traffic model 1 with packet size 0.5Mbytes as a baseline, and other traffic model is not precluded. RU=20/40/60% are baseline, and optional low RU (e.g. 5/10) can be considered.

Agreement
For eMBB multi-TRP/panel performance evaluation, MMSE IRC is the baseline, and advanced receiver is not precluded. Practical channel estimation and feedback model are used.   

Agreement
· For eMBB multi-TRP performance evaluation, ideal and non-ideal backhaul are considered, the following delay values are assumed:
· Ideal backhaul: 0ms
· Non-ideal backhaul: 2ms, 5ms, 50ms(optional) 
· For URLLC multi-TRP performance evaluation, ideal and non-ideal backhaul are considered, the following delay values are assumed:
· Ideal backhaul: 0ms
· Non-ideal backhaul: 2ms, 5ms(FFS, optional)
· Companies to provide the delay values used in their evaluations

Agreement: Table 1 SLS assumption for eMBB multi-TRP/panel enhancement
	Parameters
	Dense urban (Macro Only)
	Indoor hotspot

	Carrier frequency
	2GHz/4GHz is baseline (each company to choose 1 or more)
30GHz is optional
	4GHz is baseline,
30GHz is optional

	Channel model
	TR38.901

	TP antenna configuration
	4 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,2,2,1,1,1,2)
16 ports: (M, N, P, Mg, Ng Mp, Np) = (8,4,2,1,1,2,4)
 (dH, dV) = (0.5, 0.8)λ for FR1

2 ports (8,8,2,1,1) and 8 ports (4,8,2,2,2) for 30GHz

Other antenna configurations is not precluded (such as 32 ports)
	2 ports: (M, N, P, Mg, Ng) = (1,1,2,1,1)
for 4GHz

2 ports: (4,4,2,1,1) for 30GHz

Other antenna configurations is not precluded.

	UE antenna configuration
	4Rx Port: (Baseline)
(M,N,P,Mg,Ng,Mp,Np) = =(1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for FR1

For 30 GHz: (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ. * Θmg,ng=90°; Ω0,1=Ω0,0+180
	4Rx Port: (Baseline)
(M,N,P,Mg,Ng,Mp,Np) = =(1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for 4GHz

For 30 GHz: (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ. * Θmg,ng=90°; Ω0,1=Ω0,0+180


	Coordination assumptions
	Each company to provide details on cluster size, coordination scheme, etc 




Agreement 
Baseline scheme to evaluate eMBB multi-TRP enhancements is DPS or single TRP
· Each company to provide the details on backhaul delay, CSI reporting, transmission scheme, scheduling, etc


Also, based on the agreements in RAN WG1 #94bis and the follow-up agreement by e-mail discussion [94b-NR-09], we have made following agreement on the evaluation assumption for multi-beam enhancement. 

Email agreement: 
 Adopt the following simulation assumptions in the table 1 and table 2 for evaluating techniques on multi-beam enhancement

[94b-NR-09] - Youngsoo Yuk (Nokia)
Email discussion until Oct 19th on potential simplification of SLS for beam management
Done: According to email's decision posted on Oct.23rd, the following is agreed:

Agreements: Adopt the following simulation assumptions in the table 1 and table 2 for evaluating techniques on multi-beam enhancement

Table 1: Simulation assumptions for multi-beam enhancement. (LLS)
	Parameters
	Values

	Carrier Frequency
	30 GHz

	Subcarrier Spacing for data
	For 30 GHz: 120kHz

	Data allocation
	Each company to provide details on the assumption for the “data allocation”

	Channel Model
	CDL-A /B/C model (LOS model e.g. CDL-D/E as optional)
- delay spread =30ns, 100ns 
- UE speed=3km/h. (baseline), 30, 60km/h (optional)
- The angles of BS, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in subclause 7.7.5.1 in TR 38.901 accordingly.
Companies to report phase noise modelling and PTRS considerations if used.

	TXRU mapping to antenna elements
	Companies explain details of the using TXRU mapping to antenna elements.
Notes:
2D DFT based beam per polarization as a baseline;

	TXRU mapping weights
	Companies to provide details on TXRU mapping weights.

	Procedure of beam sweeping
	Companies to provide details on procedure of beam sweeping.

	Criteria for beam selection
	Companies to provide details on criteria for beam selection.

	UE reporting
	Companies to provide details on criteria for UE reporting.

	BS antenna configurations
	Either Options can be considered as baseline. 
Option 1: (M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 2, 2; 1 , 1). ((dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ 
Option 2: (M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 1, 1; 1, 1). (dV, dH) = (0.5, 0.5) λ
Other Antenna configuration is not precluded.

	BS antenna element radiation pattern
	For 30 GHz: According to TR38.802

	UE antenna configurations
	(M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 2; 1, 1); baseline for UL panel-specific beam selection
(dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ.
(M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 1; 1, 1);  also can be used except for evaluating UL panel-specific beam selection
* Θmg,ng=90°; Ω0,1=Ω0,0+180°;
Other Antenna configuration is not precluded.

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree

	UE array orientation
	ΩUT,a uniformly distributed on [0, 360] degree, ΩUT,b = 0°, ΩUT,g = 0° (baseline)

	UE antenna element radiation pattern
	See Table A.2.1-8 in TR 38.802

	UE mobility feature
	Add-on features including UE mobility, rotation, blockage, etc. can be optionally considered.
Note: Companies explain whether or which model is used in simulation evaluation. If used, the configuration details should be explained
Note: companies are encouraged to apply UE mobility/rotation/blockage in evaluations and report the related details

	Transmission scheme
	Multi-antenna port transmission schemes
Note: Companies explain details of the using transmission scheme.

	MIMO mode
	SU-MIMO

	UE receiver type
	MMSE-IRC as baseline; other advanced receiver is not precluded.

	Link adaptation
	Based on CSI-RS










Table 2: Evaluation assumptions for multi-beam enhancement (SLS)

	Parameters
	Values

	Scenarios 
	Indoor hotspot
Dense Urban Micro layer only (Either options below can be considered.)
Option 1: 2 tier (7 sites with 21 cells) or
Option 2:  3 tier (19 sites with 57 cells)

	Mode
	DL SU-MIMO/ MU-MIMO

	Simulation bandwidth
	80MHz (DL+UL), TDD

	Subcarrier Spacing for data
	120kHz, 
(Other subcarrier spacings can be considered)

	Channel Model
	Following related assumption in TR 38.802/38.901

	TXRU mapping to antenna elements
	Companies explain the details of TXRU mapping to antenna elements.
Notes:
2D DFT based beam per polarization as a baseline;

	TXRU mapping weights
	Companies explain the details of TXRU mapping weights.

	Criteria for selection for serving TRP
	Companies explain the details of criteria for selection for serving TRP.

	Criteria for beam selection for serving TRP
	Companies explain the details of criteria for beam selection for serving TRP.

	Constraints for the range of selective beams per TRP sector
	Companies explain what scheme is used

	Scheduling algorithm
	Companies explain what scheme is used

	Link adaptation
	Based on CSI-RS.

	Traffic Model
	FTP model 1 with packet size 0.5Mbytes as baseline, and FTP mode 3 and/or other packet size (e.g.  2Mbyte) can be considered.

	BS antenna configurations
	Either Options can be considered as baseline. 
Option 1: (M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 2, 2; 1 , 1). ((dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ 
Option 2: (M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 1, 1; 1, 1). (dV, dH) = (0.5, 0.5) λ
Other Antenna configuration is not precluded.
Example of other options. 
(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 2; 1 , 1). ((dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ or (M, N, P, Mg, Ng; Mp, Np) = (4, 16, 2, 2, 2; 1, 1). (dV, dH) = (0.5, 0.5) λ (dg,V, dg,H) = (2.0, 4.0) λ

	BS antenna element radiation pattern
	According to TR38.802

	UE antenna configurations
	(M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 2; 1, 1); (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (0, 0) λ. *Θmg,ng=90°; Ω0,1=Ω0,0+180°; as baseline
Other configuration is not precluded.

	UE antenna element radiation pattern
	See Table A.2.1-8 in TR 38.802

	Inter-panel calibration for UE
	Ideal or non-ideal calibration, companies to report the selected assumption

	Beam correspondence 
	Companies report details of the assumptions

	Control and RS overhead
	Companies report details of the assumptions 

	Control channel decoding
	Ideal or Non-ideal (Companies explain how is modelled)

	UE receiver type
	MMSE-IRC as the baseline, other advanced receiver is not precluded

	BF scheme
	Companies explain what scheme is used

	Transmission scheme
	Multi-antenna port transmission schemes
Note: Companies explain details of the using transmission scheme.

	UE mobility feature
	Add-on features including UE mobility, rotation, blockage, etc. can be optionally considered.
Note: Companies explain whether or which model is used in simulation evaluation. If used, the configuration details should be explained
Note: companies are encouraged to apply UE mobility/rotation/blockage in evaluations and report the related details







[bookmark: _Toc528936219]Annex A: Requirements and simulation assumptions for URLLC evaluation in TR38.824
[bookmark: _Toc528936220]
A.1	Requirements 

[bookmark: _Toc528936221][bookmark: _Toc477853030]A.2	System level simulation assumptions
According to the SID , the identified use cases for Rel-16 URLLC include factory automation, transport industry, electrical power distribution and Rel-15 enabled use case. Evaluations are performed for the representative use cases for the identified use cases. Table A.2-1 shows the representative use cases for Rel-16 NR URLLC evaluation.    
Table A.2-1: Representative use cases for Rel-16 NR URLLC evaluation
	Use case
	Reliability (%)
	Latency 
	Data packet size  and traffic model
	Description

	Power distribution

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

	
	99.999 
	15 ms (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
(TR 22.804:5.6.6)

	Factory automation

	99.9999
	2 ms (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

	Rel-15 enabled use case (e.g. AR/VR)  
	99.999 
	1 ms (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
	7 ms (air interface delay)
	DL & UL:
4096 and 10 K bytes
FTP model 3 or periodic with different arrival rates
	

	Transport Industry

	99.999
	5 ms (end to end latency)
Note: 3 ms air interface latency 
	UL: 
2.5 Mpbs; Packet size 5220 bytes
DL: 
1Mbps; Packet size 2083 bytes
Note: Data arrival rate 60 packets per second for periodic traffic model
	Remote driving 
(TS 22.186: 5.5)

	
	99.999
	10 ms (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)
(TS 23.501, TS 22.261)



For periodic traffic model for factory automation, the following assumptions are adopted in the evaluations: 
-	Data for UEs in a group will arrive simultaneously in the evaluations
-	Data for UEs in different groups can arrive at different time either in a random manner or in a pre-planned manner
-	Companies report what manner used in the evaluations
-	Companies can report the number of groups and the number of users in each group used in the evaluations
-	The number of users in a group can be one or more, up to companies to report
Evaluate aperiodic traffic model (FTP model 3) for DL for remote driving and ITS.  
PDCP duplication, which may be applicable for improving reliability but not always available/applicable, is not evaluated in this study item. 
In addition to the assumptions provided in the following sections, companies should describe the following assumptions for evaluation:  
-	Overhead modeling (e.g. PDCCH overhead) used in the simulation
-	CDF of UE geometry
-	Duplex mode: FDD or TDD (DL/UL configuration)
-	Blockage due to moving metal parts for channel model for factory automation
-	Detailed assumptions for carrier frequency 700 MHz and 2 GHz if evaluation is performed based on these carrier frequencies
-	If any, details on re-dropping or discarding UEs which do not satisfy certain channel quality
-	Other assumptions like TTI size, gNB/UE processing time, CSI measurement and reporting
[bookmark: _Toc493091924][bookmark: _Toc528936222][bookmark: OLE_LINK38]
A.2.1	Simulation assumption for electrical power distribution
[bookmark: OLE_LINK35]This subclause describes the simulation assumptions for evaluating electrical power distribution. Table A.2.1-1 shows the evaluation assumptions for some basic parameters for urban macro. Note that this does not imply that Rel-16 NR URLLC is necessarily restricted to urban macro scenario for electrical power distribution. Rural scenario is also applicable.   
Table A.2.1-1: System-level simulation assumptions at 4 GHz for urban macro for power distribution
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m
Note: Other value (e.g. 150 m) is not precluded

	Carrier frequency
	4 GHz

	Channel model 
	UMa in TR 38.901

	UE Tx power
	23dBm

	BS antenna configurations
	4 Tx/4 Rx antenna ports and 8 Tx/8 Rx antenna ports 
(M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 2) for 4 Tx/4 Rx antenna ports;
[bookmark: OLE_LINK36](M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 4) for 8 Tx/8 Rx antenna ports;
 
dH = 0.5λ, dV = 0.8λ;
1Companies report the antenna tilt 
Note: Other BS antenna configurations (e.g. 16 Tx/16 Rx) for evaluation are not precluded. If 16 Tx/16 Rx is used, (M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 1, 8)  

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	F2 Tx/4 Rx antenna ports 
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) for 4 Rx;
(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1) for 2 Tx;

Note: Other UE antenna configurations for evaluation are not precluded

	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.

	Number of UEs per cell
	Up to 10 
Note: Example of the number of users for evaluation can be 5 and 10. The number of users per cell in this table is the number of pure URLLC UEs. 

	Simulation bandwidth 
	40 MHz

	SCS 
	30 kHz
Note: Other values for evaluation are not precluded. 

	UE distribution
	100% of users are outdoors 
Use 3 km/h for modeling fading channel 

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

	HARQ/repetition
	Companies report (including HARQ mechanisms).

	Channel estimation
	Realistic



[bookmark: _Toc528936223]A.2.2	Simulation assumption for factory automation 
This subclause describes the simulation assumptions for evaluating factory automation. Table A.2.2-1 shows the evaluation assumptions at 4 GHz for factory automation.   
Table A.2.2-1: System-level simulation assumptions at 4 GHz 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 Tx/4 Rx antenna ports and 8 Tx/8 Rx antenna ports 
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) for 4 Tx/4 Rx antenna ports;
(M, N, P, Mg, Ng; Mp, Np) = (2, 2, 2, 1, 1; 2, 2) for 8 Tx/8 Rx antenna ports;
, 
dH = dV = 0.5 λ 
Note: Other values are not precluded for evaluation 

	BS antenna height
	[10 m
Note: Other value (e.g. 3 m) is not precluded for evaluation

	UE antenna configuration
	F2 Tx/4 Rx antenna ports 
Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) for 4 Rx;
(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1) for 2 Tx;

Note: Other UE antenna configurations for evaluation are not precluded

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 1.5m)
Note: Companies report the modification of the layout

	UE antenna gain
	0dBi as starting point

	BS Tx power
	24 dBm per 20 MHz 

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

	UE receiver noise figure
	9 dB

	SCS 
	30 kHz
Note: Other values for evaluation are not precluded. 

	Simulation bandwidth 
	40 MHz

	Layout
	Single layer as defined in 38.802
Indoor floor:12 BSs per 120 m x 50 m
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	Channel model 
	ITU InH for 4 GHz
Companies report the modification of the channel model 

	Number of UEs per cell
	Up to 40
Note: Example of the number of users for evaluation can be 5, 10, 20, 30 and 40. The number of users per cell in this table is the number of pure URLLC UEs.

	UE distribution
	100% of users are indoor: 3 km/h and/or 30 km/h UE-speed
Note: which one to use is up to companies and other value(s) are not precluded

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

	HARQ/repetition
	Companies report (including HARQ mechanisms).

	Channel estimation
	Realistic



Table A.2.2-2 shows the evaluation assumptions at 30 GHz for factory automation. Assumptions for the remaining parameters are the same as that at 4 GHz as shown in Table A.2.2-1. 
Table A.2.2-2: System-level simulation assumptions at 30 GHz for factory automation
	Parameters
	Value

	Carrier frequency
	30 GHz

	BS receiver noise figure
	7dB as defined in TR 38.802

	BS antenna configurations
	2 Tx/Rx antenna ports 
(M, N, P, Mg, Ng; Mp, Np) = (4, 4, 2, 1, 1; 1, 1) 
dH = dV = 0.5 λ 
Note: Other antenna configurations are not precluded 

	UE antenna configuration
	2 Tx/Rx antenna ports 
(M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 2; 1, 1)
(dH, dV) = (0.5, 0.5) λ
Static panel selection 
Note: Other antenna configurations are not precluded 

	UE antenna gain
	5dBi 

	BS Tx power
	23 dBm for 80 MHz bandwidth  

	UE receiver noise figure
	10 dB

	SCS 
	120 kHz
Note: Other values for evaluation are not precluded. 

	Simulation bandwidth 
	160 MHz

	Channel model 
	5GCM office for 30 GHz
Companies report the modification of the channel model 



1 ms air interface latency is assumed for evaluation for factory automation, with the assumption of 1 ms CN delay in 2 ms end-to-end latency. Other values for evaluation can also be considered. 
[bookmark: _Toc528936224]A.2.3	Simulation assumption for transport industry 
This subclause describes the simulation assumptions for evaluating transport industry, including remote driving and intelligent transport system (ITS). For evaluating urban macro scenario for transport industry, simulation assumptions are provided in Table A.2.3-1. 
Table A.2.3-1: System-level simulation assumptions at 4 GHz for 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.

	UE antenna height
	3.0 m 

	Number of UEs per cell
	Up to 10
Note: Examples for evaluation 2, 6, 10. The number of users per cell in this table is the number of pure URLLC UEs. 

	UE distribution
	100% of users are outdoors 
UE speed of 60 km/h

	Other parameters 
	As shown in Table A.2.1-1 for power distribution 



[bookmark: _Toc528936225]A.2.4	Simulation assumption for Rel-15 enabled use case 
This subclause describes the simulation assumptions for evaluating Rel-15 enabled use case (e.g. AR/VR). For evaluating Rel-15 enabled use case with urban macro (applicable data packet size 32 bytes and 200 bytes), simulation assumptions are provided in Table A.2.4-1. 
Table A.2.4-1: System-level simulation assumptions at 4 GHz for Rel-15 enabled use case with urban macro (applicable data packet size 32 bytes and 200 bytes)
	Parameters
	Value

	Number of UEs per cell
	Up to 20
Companies to report the value used in the evaluations 
Note: Example of the number of users can be 5, 10, 15 and 20. The number of users per cell in this table is the number of pure URLLC UEs 

	UE distribution 
	80% of users are outdoors and 20% of users are indoors 
Indoor penetration loss is modelled according to low loss model 

	Other parameters 
	As shown in Table A.2.1-1 for power distribution 



For evaluating Rel-15 enabled use case with indoor hot-spot, simulation assumptions are provided in Table A.2.4-2.
Table A.2.4-2: System-level simulation assumptions at 4 GHz for Rel-15 enabled use case with indoor hot-spot
	Parameters
	Value

	Number of UEs per cell
	Up to 20
Companies to report the value used in the evaluations 
Note: Example of the number of users can be 5, 10, 15 and 20. The number of users per cell in this table is the number of pure URLLC UEs. 

	UE distribution 
	100% of users are indoors: 3 km/h UE-speed 

	BS antenna height 
	3 m

	Channel model 
	ITU InH for 4 GHz

	Other parameters 
	As shown in Table A.2.2-1 for factory automation 



[bookmark: _Toc528936226]A.2.5	Simulation assumption for evaluating multiplexing of eMBB and URLLC UEs sharing the same carrier  
This subclause describes the simulation assumptions for evaluating multiplexing of eMBB and URLLC UEs sharing the same carrier. The simulation assumptions provided in Table A.2-1, Table A.2.1-1, Table A.2.2-1, Table A.2.2-2, Table A.2.3-1, Table A.2.4-1 and Table A.2.4-2 are reused with the following additional assumptions: 
-	Take FTP model 3 with 0.5 Mb file size or full buffer as the traffic model for eMBB
-	Companies report the number of eMBB UEs used in the evaluations and describe eMBB UE dropping
-	Evaluate spectral efficiency for eMBB UEs
-	Use cases with aperiodic traffics are prioritized for the evaluation of inter-UE multiplexing. Periodic traffic is not precluded for evaluation
-	A certain ratio(s) of UEs that is not capable of the enhanced schemes can be assumed in the evaluation and company should report the ratio(s)
-	Evaluating URLLC UEs following the agreed performance metric for URLLC UEs in Rel-16
-	eMBB UEs and URLLC UEs have the same subcarrier spacing (for evaluation purpose only)
[bookmark: _Toc528936227]A.2	Link level simulation assumptions
This subclause describes the link level simulation assumptions used for evaluating Rel-16 NR URLLC. The link level simulation assumptions at the carrier frequencies of 4 GHz for all cases (e.g. power distribution, transport industry and Rel-15 enabled use case) with urban macro are provided in Table A.3-1. The link level simulation assumptions at the carrier frequencies of 4 GHz for all cases with indoor hot-spot (e.g. Rel-15 enabled use case with indoor hot-spot) and factory automation are provided in Table A.3-2. The link level simulation assumptions at the carrier frequencies of 30 GHz for all cases with indoor hot-spot (e.g. Rel-15 enabled use case with indoor hot-spot) and factory automation are provided in Table A.3-2.      
Table A.3-1: Link-level simulation assumptions at 4 GHz for all cases with urban macro
	Parameter
	Value

	Carrier frequency for evaluation
	4 GHz

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

	UE speed
	3 km/h for power distribution and Rel-15 enabled use case;
60 km/h for remote driving and ITS;

	BS antenna configuration
	4 Tx/4 Rx antenna ports and 8 Tx/8 Rx antenna ports
Higher BS antenna configurations for evaluation are not precluded  

	UE antenna configuration
	2 Tx/4 Rx antenna ports
Higher UE antenna configurations for evaluation are not precluded

	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 report the 5% Q value 


·  Evaluation of 700 MHz and 2 GHz carrier frequency are not precluded. 

Table A.3-2: Link-level simulation assumptions at 4 GHz for all cases with indoor hot-spot and factory automation 
	Parameter
	Value

	Carrier frequency for evaluation
	4 GHz

	Channel model
	TDL-D (delay spread: 30ns)  as in 38.901
TDL-C (delay spread: 100ns) as in 38.901

Note: Companies report the modification of the channel model if any

	UE speed
	3 km/h, 30 km/h

	BS antenna configuration
	4 Tx/4 Rx antenna ports and 8 Tx/8 Rx antenna ports
Higher BS antenna configurations for evaluation are not precluded  

	UE antenna configuration
	2 Tx/4 Rx antenna ports
Higher UE antenna configurations for evaluation are not precluded

	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 report the 5% Q value



Table A.3-3: Link-level simulation assumptions at 30 GHz for all cases with indoor hot-spot and factory automation 
	Parameter
	Value

	Carrier frequency for evaluation
	30 GHz

	Channel model
	CDL-A (delay spread: 20 ns) as in 38.901 

	UE speed
	3 km/h, 30 km/h

	BS antenna configuration
	2 Tx/2 Rx antenna ports  

	UE antenna configuration
	2 Tx/2 Rx antenna ports

	System bandwidth
	160 MHz

	Sub-carrier spacing
	120 kHz
Note: Other values for evaluation are not precluded.  

	Channel estimation
	Practical

	Receiver type
	MMSE

	Q value (i.e. SINR range) 
	Companies report the 5% Q value
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