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[bookmark: _Ref513464071]Introduction
In RAN#103-e meeting, several agreements were made on evaluation assumptions for XR [1], including.
	Agreement 3: Adopt the following deployment for XR/CG evaluations
· Indoor hotspot: FR1 and FR2
· Detailed definition of Indoor hotspot refers to TR 38.913.
· Channel model: InH. Detailed definition of InH refers to TR 38.901.
· Dense urban: FR1 and FR2
· Detailed deployment refers to TR 38.913, where single layer with Marco layer is assumed.
· Channel model: UMi. Detailed definition of UMi refers to TR 38.901.
FFS: Whether to prioritize FR1 for evaluation.
Note 1: When selecting the deployment and evaluation assumptions for XR/CG evaluations, it is up to company to evaluate FR1 or FR2 or both for the frequency range.
Note 2: It does not mean that all applications are evaluated for all the deployment scenarios.

Agreement 4: Urban Macro can be reported for XR/CG evaluations only for FR1.
· FFS: whether Uma is optional or not
· Following parameters can be assumed.
	Parameter
	Proposed value

	
	Urban Macro (FR1)

	Layout
	21cells with wraparound
ISD = 500 m

	BS Tx power
	FR1: 49 dBm/20 MHz


   
Agreement 6: System capacity is defined as the maximum number of users per cell with at least X % of UEs being satisfied.
· X=90 (baseline) or 95 (optional)
· Other values of X can also be evaluated optionally
Note: The exact ‘satisfied’ requirements will be discussed separately
FFS: how to calculate the percentage of satisfied users across multiple drops of simulations
 
Agreement 8: Adopt the following UE distribution for XR/CG evaluation for outdoor scenario
· For outdoor scenario:
· FR1: 80% indoor, 20% outdoor
· FR2: 100% outdoor
Other UE distribution can be evaluated optionally.

Agreement 12:  Adopt the simulation assumptions in table 3 as below
Table 3: Simulation assumptions for XR evaluation (Part 3)
	Power control parameter
	Companies should report

	Transmission scheme
	Companies should report

	Scheduler
	SU/MU-MIMO PF scheduler (company to report SU or MU),
other scheduler (e.g., delay aware scheduler) is up to companies report

	CSI acquisition
	Realistic
Both CSI feedback and SRS are considered
Companies should report 
•          CSI feedback delay, CSI report periodicity, whether using CSI quantization, CSI error model or not,
•          Assumptions on SRS: periodicity, processing gain, processing delay, etc


	PHY processing delay
	Baseline: UE PDSCH processing Capability #1
Optional: UE PDSCH processing Capability #2
 
Companies should report gNB processing delay, e.g. DL NACK to retransmission delay, UL previous transmission to current transmission delay and etc.

	PDCCH overhead
	Companies should report

	DMRS overhead
	Companies should report

	Target BLER
	Companies should report

	Max HARQ transmission
	Companies should report


 
 Agreement 13: The following aspects are to be discussed after traffic model is stable.
· For the system capacity definition, how to determine whether a UE is satisfied or not is to be deferred until the exact traffic model along with how to measure E2E user experience is available.  Additional metrics to be collected will be further discussed after traffic model is stable.
· Various options for traffic arrival offset among UEs per cell were proposed by companies, e.g., even offset, random offset, no offset. It will be discussed after traffic model is determined.
 
Agreement 20.
· RAN1 continues to discuss evaluation methodologies for UE power consumption and system capacity.
· RAN1 is to discuss whether/how to study/evaluate mobility and coverage at a later stage, e.g., starting from Q1 2021.


.
In additions to the agreements on traffic models and on AR1/AR2 applications in SA4 [2], a number of issues on evaluation assumptions have been left open for future discussion. In this contribution, we provide our view on some of the remaining issues on evaluation methodologies as well as simulation assumptions.     
KPIs and Assumptions for Evaluations
The traffic characteristics for majority of the XR use-cases described in SID [2] indicate medium to very high throughput requirement both in DL and UL. RAN evaluation for XR and Cloud Gaming traffic over NR should consider capacity, coverage, UE power consumption and mobility (e.g. low) as KPIs while taking into account of various traffic requirements including throughput, latency and reliability. The traffic characteristics for each use-case determines the evaluation assumptions and methodology. 
For network evaluation, the traffic models need to be simplified as a parametric input for system-level and link-level simulations. In the illustration in Fig.1, XR devices can include a wide class with various capabilities, all of which operate under a given traffic characteristics and network performance requirement (throughput, latency, reliability). However, it is also assumed that a single XR device may exchange multiple parallel traffic streams with different characteristics and requirements. It might, therefore, be necessary to put in place characteristic of a traffic stream, to/from a single user, which multiplexes eMBB as a special use case.5G-NR
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Figure 1  Simplified Network deployment illustration for link-level evaluation


Link-level and system-level evaluations require simplified and parametric input characterizing the XR-traffic. Since a single traffic model cannot characterize all XR traffics, RAN1 should consider proposals to translate the requirements and traffic models for each XR use case detailed in our companion contribution [3] to a parametric traffic model that can be used to evaluate network deployment scenarios and E2E link performance. The traffic model generator provides the input to RAN link-level evaluation, which directly impacts the assumption on the scheduler, is illustrated in Figure 2 below. The scheduler setting during RAN evaluation is based on the output of the traffic model generator. A generalized/parametric XR traffic model generator with configurable parameters as described in [3], can be used for all XR applications to obtain parameters required in the scheduler.MPEG MIV
 
Content delivery/Rendering
 
Services,
Content 
 
Traffic model generator
MPEG MIV
Matching RAN KPI  to
QoE 
TX Scheduler
Assumptions on air interface
Transmitter
Channel
RX Scheduler
Reciever
Throughput, BLER







Figure 2: Block diagram for link evaluation

Figure 2: Block diagram for link evaluation
Remaining Issues on Evaluations Methodologies  
3.1 System Capacity  
System level simulation will be used to evaluate system capacity which, according to the agreements in RAN#103-e [1], is defined as the maximum number of users per cell with at least X % of UEs being satisfied. The agreement on system capacity furthermore indicates that X = 90 can be the baseline with X=95 being optional. The requirement for satisfied users can be specified by a measure of link quality (KPI) evaluated for each XR application based on their traffic parameters such as latency settings, frame size and rate, code rate, etc. 

Proposal 1: 	Given the XR applications, define user experience satisfaction by the percentage (70%, 90%) of achieved maximum throughput, which is derived from the traffic parameters of the XR application.  
With the definition of satisfied UEs in Proposal 1, evaluation of percentage of satisfied UEs can be done by analyzing CDF of UEs achieving an average throughput above a given value in b/s from which the percentage of satisfied UEs can be determined.

Proposal 2: 	Evaluate capacity for XR applications by analyzing CDF of UEs achieving an average throughput that is at least equal to the required throughput for the given XR application.
3.2 Coverage
In RAN #103-e, it was agreed that discussions on evaluation of coverage performance for XR is FFS starting form Q1. For most XR applications, the majority consensus is that the evaluation assumptions developed in Rel-17 coverage enhancement can be reused. Moreover, coverage evaluation should take into account the tradeoff to the % of satisfied UEs (capacity) as well as power consumption.
Proposal 3: 	For the XR applications, consider reusing evaluation methodologies discussed in Rel-17 coverage enhancement for coverage evaluation [8].
Evaluation of coverage shall consider various degree of mobility. Even though separate detailed discussion on evaluating mobility performance should not be prioritized at this time, coverage evaluation can consider prioritizing low mobility scenario, especially for supporting AR1/AR2 applications.  
3.3 UE Power Consumption
Both capacity and coverage performance evaluations are impacted by the power saving technique assumed. For the evaluations of capacity, both random offset and uniform offset can be considered. The case for using different offsets for traffic arrival may be useful for determining the tradeoff between capacity and UE power savings. Link-Level evaluation of UE power consumption which also takes into account evaluation of throughput as well as latency is therefore necessary to evaluate baseline performance. The various aspects of UE settings which affect power consumption, such as the link adaptation technique, transmission scheme and scheduling techniques are considered. For analyzing performance of power saving techniques (e.g., DRX configuration, BWP switching, scheduling techniques, etc.) system level simulation can be used. As a start, power consumption evaluation methodology specified in TR38.840 [6] can be employed. However, discussion still need to be had on the tradeoff between power consumption vs. capacity, how much priority UE power consumption evaluation need to be given compared to other evaluations and on how to prioritize SL over LL evaluation or vice versa.
Proposal 4: 	Study aspects related to tradeoff between UE power savings and capacity in SL and LL evaluations   
Remaining Issues on Simulation Assumptions  

In this section, we lay out some of the remaining assumption which have been left open for both link-level and system level evaluations. Most XR-use cases/applications are expected to have stringent requirements for reliability similar to Rel-16 URLLC [7]. However, unlike in URLLC, where evaluation of reliability is typically under low load assumption, evaluation of reliability for XR/CG use cases should also include high load assumption. Moreover, link-level evaluation should include multiplexing of different data streams in a single carrier with different requirements for reliability and latency requiring a new set of traffic models. 
4.1 Link level evaluation
Link-level evaluation is used to evaluate performance of the air interface to fulfil a given user throughput requirement with associated requirement on reliability and latency for various assumptions. In Table 1 below, we give the major assumptions which have been agreed upon and include remaining assumptions which have been left for further discussion. 
Table 1: Assumptions for Link-level evaluation of DL data channel
	Parameter
	FR1
	FR2

	Duplexing
	TDD
	TDD

	TDD pattern
	· DDDSU
· DDDUU
	· DDDSU


	gNB Antenna configuration
	32 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,2,2,1,1,8,2)
64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8)
	2 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2;1,1)



	UE antenna configuration
	[M, N, P, Mg, Ng; Mp, Np]=[1, 2, 2, 1, 1; 1, 2]
	[M, N, P, Mg, Ng; Mp, Np]=[1, 1, 2, 1, 1; 1, 1]

	Carrier frequency
	4 GHz

	30 GHz

	System BW
	100 MHz
	400 MHz

	MCS
	QPSK, 16-QAM, 64-QAM, 256-QAM

	ScS
	30kHz
	120kHz

	Propagation condition
	CDL-A/C

	Delay Spread
	Up to 300ns
	Up to 30ns

	DMRS
	1 + 1

	Channel estimation
	Realistic

	Precoder
	Companies should report

	UE Velocity
	3km/h

	HARQ config. (Max # of retransmission)
	Up to 2 for start

	Target BLER
	0.1% - 10%

	Receiver Type
	MMSE



Proposal 5: 	Reuse evaluations assumption including Scheduling/HARQ/CSI processing used for Rel-16 URLLC, even in high load scenarios where requirement on reliability is stringent.
Proposal 6: 	Configurations for scheduling/HARQ/CSI processing should be based on the power control parameters under consideration.
4.2 System level evaluation
System level simulation will evaluate capacity and coverage performance for various deployment scenarios, UE distribution, traffic model and requirements. Depending on the specific XR use case considered, the evaluation assumptions should take into account of the expected high UL/DL throughput in most XR applications compared to eMBB, which can consequently impact the coverage and capacity performance. Several specific assumptions related to evaluation of capacity employing system level evaluation are deferred pending the completion of stable XR traffic model by SA4. Capacity be evaluated for both indoor hotspot and dense Urban channel models for both FR-1 and FR-2.  
Table 2: Assumptions for System-level simulation for capacity
	Parameters
	Indoor hotspot FR1/FR2
	Dense urban FR1/FR2

	
	FR1
	FR2
	FR1
	FR2

	Layout
	120m x 50m
ISD: 20m
TRP numbers: 12
	21cells with wraparound
ISD: 200m

	Carrier frequency
	4GHz
	30GHz
	4GHz
	30GHz

	scs
	30kHz
	120kHz
	30kHz
	120kHz

	BSTx power
	24 dBm
	23dBm
	44dBm
	40dBm

	BW
	100 MHz
	80Mz
	
	

	BS antenna configuration
	[M, N, P, Mg, Ng; Mp, Np] = (4,4,2,1,1;4,4)


	[M, N, P, Mg, Ng; Mp, Np] = (16, 8, 2,1,1;1,1)

	(M, N, P, Mg, Ng; Mp, Np) = (8,2,2,1,1,8,2)
	(M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2;1,1)

	BS antenna height
	3m
	25m

	BS antenna tilt
	90
	12

	BS antenna element gain 
	5 dBi, 
	8 dBi

	BS receiver noise figure
	5 dB
	7 dB
	5 dB
	7 dB

	UE antenna height
	1.5 m

	UE antenna gain
	0 dBi
	5 dBi
	0 dBi
	5dBi

	UE noise figure
	9 dB
	13 dB
	9 dB
	13 dB

	Traffic model
	Employ Traffic model specified in Table 1 of an accompanying contribution [3] for each XR application groups. 

	UE distribution
	100% Indoors
	20% outdoors
80% Indoors 
	100% Outdoors

	BS and UE receiver
	MMSE-IRC

	Channel estimation
	Practical



Additional simulation parameters for BS and UE antenna radiation pattern and taken from TR 38.901 [7] are given in Table 3.1 and Table 3.2. Table 3.2 applies for FR-2 only. 
Table 3.1 Antenna radiation pattern for BS
	Vertical cut of the radiation power pattern (dB)
	


	Horizontal cut of the radiation power pattern (dB)
	


	3D radiation power pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5 dBi for FR1  and  8 dBi for FR2



Table 3.2 Antenna radiation pattern for UE
	Parameter
	Values

	Antenna element radiation pattern in  dim (dB)
	


	Antenna element radiation pattern in  dim (dB)
	


	Combining method for 3D antenna element pattern (dB)
	



System level simulation for coverage performance can use simulation assumptions specified for Rel-17 Coverage enhancement work [8].
Proposal 7: 	As a start, re-use evaluation assumptions for system level simulation applied in Rel-17 coverage enhancement for coverage evaluation [8].
Conclusion.
In this contribution, the following proposals are put forward: 
[bookmark: _Hlk61611702][bookmark: _Hlk61615808]Proposal 1: 	Given the XR applications, define user experience satisfaction by the percentage (70%, 90%) of achieved maximum throughput, which is derived from the traffic parameters of the XR application.  
Proposal 2: 	Evaluate capacity for XR applications by analyzing CDF of UEs achieving an average throughput that is at least equal to the required throughput for the given XR application.
Proposal 3: 	For the XR applications, consider reusing evaluation methodologies discussed in Rel-17 coverage enhancement for coverage evaluation [8].
Proposal 4: 	Study aspects related to tradeoff between UE power savings and capacity in SL and LL evaluations   
Proposal 5: 	Reuse evaluations assumption including Scheduling/HARQ/CSI processing used for Rel-16 URLLC, even in high load scenarios where requirement on reliability is stringent.
[bookmark: _Hlk61616271]Proposal 6: 	Configurations for scheduling/HARQ/CSI processing should be based on the power control parameters under consideration.
Proposal 7: 	As a start, re-use evaluation assumptions for system level simulation applied in Rel-17 coverage enhancement for coverage evaluation [8].
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