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1. Introduction
In RAN#86 meeting, RAN1 Rel-17 study item was approved for XR evaluation for NR [1]. The objective of the study item is as follows.
	The following applications are to be considered as starting points for this study: 
· VR1: “Viewport dependent streaming”
· VR2: “Split Rendering: Viewport rendering with Time Warp in device”
· AR1: “XR Distributed Computing”
· AR2: “XR Conversational”
· CG: Cloud Gaming
Note: Use cases in quotes are from TR26.928.

The following traffic parameters for the different applications are to be considered as starting point for the study:
Traffic characteristics:
· UL and DL File Size distribution (e.g., Pareto with given parameters)
· UL and DL File arrival time distribution (e.g., Periodic every 1/60 seconds)
Traffic requirements: 
· Round-trip-time or UL and DL one-way Packet delay budget (PDB)
· UL and DL Packet error rate (PER)

The objective of this study item are as follows:

1. Confirm XR and Cloud Gaming applications of interest
2. Identify the traffic model for each application of interest taking outcome of SA WG4 work as input, including considering different upper layer assumptions, e.g. rendering latency, codec compression capability etc.
3. Identify evaluation methodology to assess XR and CG performance along with identification of KPIs of interest for relevant deployment scenarios
4. Once traffic model and evaluation methodologies are agreed, carry out performance evaluations towards characterization of identified KPIs 
 
Note 1: eURLLC SI/WI work relevant to XR should be taken into consideration.
Note 2: Traffic model for the performance evaluation shall be based on the standardization in SA WG4 


As shown in the objective above, traffic model for the performance evaluation in the RAN1 study item should be based on the output of SA WG4, where XR system design model and the corresponding traffic model are under development in the study item ‘Feasibility Study on Typical Traffic Characteristics for XR Services and other Media’ [2]. In this study item, the information, such as content format, codecs and protocol, for XR service and traffic characteristics on IP uplink and downlink in terms of packet sizes, and temporal characteristics is in under study. The following XR services have been studied as initial services, but not limited to
· Viewport independent Streaming
· Viewport dependent Streaming 
· Raster-based Split Rendering 
· Cloud gaming
· MTSI-based XR conversational services
Start of the RAN1 study item was delayed according to the delay of the standardization progress in RAN1 due to the COVID-19 situation. And RAN1 has started the study item work from RAN1#103-e meeting [3], where the work is initially focused on the evaluation assumptions including XR applications, traffic model and evaluation methodology.
In RAN1#103-e meeting, many details necessary for evaluation of XR in RAN1 perspective were agreed while many aspects still remain FFS [3]. In this paper, we discuss further aspects on evaluation assumptions for RAN1 study on XR operation in NR.

1. Discussion
The following was agreed regarding XR deployment scenarios.
	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


  


Regarding prioritization of FR1, while both FR1 and FR2 are important scenarios for XR application, we prefer prioritizing FR1 to reduce the amount of simulation works and the following-up discussion, also considering FR1 is quite prevalent scenario for initial deployment of NR.
Proposal 1: FR1 can be prioritized over FR2 in the Rel-17 XR study in RAN1
Regarding Uma scenario in FR1, we prefer keeping Uma scenario as optional to reduce the amount of simulation works and the following-up discussion. For urban scenarios, Rel-17 study can focus on UMi scenarios.
Proposal 2: For FR1, keep Uma as optional scenario.

The following was agreed regarding XR simulation assumption.
	Agreement 7: Adopt the simulation assumptions in table 1 as below
 Table 1: Simulation assumptions for XR evaluation (Part 1) 
	Parameter
	Proposed value

	
	Indoor hotspot FR1/FR2
	Dense urban FR1/FR2

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

	Carrier frequency
	FR1: 4 GHz
FR2: 30 GHz

	Subcarrier spacing
	FR1: 30 kHz
FR2: 120 kHz

	BS height
	3m
	25m

	UE height
	hUT=1.5 m

	BS noise figure
	FR1: 5 dB
FR2: 7 dB

	UE noise figure
	FR1: 9 dB
FR2: 13 dB

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic
FFS:Ideal(optional)

	UE speed
	3 km/h

	MCS
	Up to 256QAM

	BS antenna pattern
	Ceiling-mount antenna radiation pattern, 5 dBi
	3-sector antenna radiation pattern, 8 dBi

	UE antenna pattern
	FR1: Omni-directional, 0 dBi,
FR2: UE antenna radiation pattern model 1, 5dBi


 


Regarding channel estimation, ideal channel estimation is also useful to derive an insight on the impact of the different channel estimation performances from different companies’ evaluation results.
Proposal 3: Keep ideal channel estimation in the simulation assumption.

The following was agreed regarding system bandwidth for XR evaluation.
	Agreement 14: System bandwidth for XR/CG evaluations are as follows.
· For FR1,
· Baseline: 100 MHz
· Optional: 20/40 MHz (FFS: 200 MHz)
· FFS FR2


While larger system bandwidth requires more simulation resources, it seems natural system bandwidth assumption for FR2 should be larger than for FR1. On the other hand, optional larger system bandwidth (e.g., 200MHz) for FR1 many not be useful so much.
Proposal 4: For FR2, define 200 MHz system bandwidth as baseline for XR evaluation. For FR1, not to define larger system bandwidth than 100 MHz in the XR evaluation.

The following was agreed regarding antenna configuration for XR evaluation.
	Agreement 15: For outdoor scenarios, the BS antenna parameters are as follows.
· FFS FR1, 
· Option 1: 64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8)
· Option 2: 32 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,2,2,1,1,8,2)
· Option 3: 32TxRUs (M, N, P, Mg, Ng; Mp, Np) = (4,4,2,1,1,4,4)
(dH, dV) = (0.5λ, 0.5λ)
· FR2:
· 2 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2;1,1)
(dH, dV) = (0.5λ, 0.5λ)
Other configurations can be optionally evaluated.
 
Agreement 16: UE antenna parameters for XR/CG evaluations are as follows
· FR1:
· Baseline: 2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ
· Optional: 4T/4R, 1T/2R, 2T2R
· FFS FR2: down-selection between the next two options. Please indicate if you have preference.
· Option 1 (Follow Rel-17 evaluation methodology for FeMIMO in R1-2007151)
· (M, N, P)=(1, 4, 2), 3 panels (left, right, top)
· (Mp, Np) is up to company. Need to be reported with simulation result.
· Option 2 (from TR 38.802 – developed in Rel-14)
· 4Tx/4Rx: (M, N, P, Mg, Ng; Mp, Np) = (2,4,2,1,2;1,2), (dH,dV) = (0.5, 0.5)λ, the polarization angles are 0° and 90°


Regarding BS antenna configuration, option 1 is not realistic since NR CSI-RS/CSI codebook supports maximum 32 ports. Between, option 2 and 3, option 2 may be more beneficial in the performance aspects.
Proposal 5: For BS antenna configuration, option 2 is preferred.
Regarding UE antenna configuration, traditional one, e.g., option 2 can be considered baseline while option 1 can be additionally considered as an optional configuration.
Proposal 6: For UE antenna configuration, option 2 is preferred as baseline configuration while option 1 can be considered as an optional configuration.

The following was agreed regarding power consumption evaluation for XR.
	Agreement 19. Baseline power evaluation methodology
TR38.840 is the baseline methodology potentially with some modifications if necessary.  RAN1 aim to minimize modeling effort. 


On the other hand, there seems to be a still question whether power consumption evaluation (and the corresponding discussion on the potential enhancements) is within the scope of Rel-17 XR study. Even though it is not explicitly described in the SID, we believe power consumption is an important aspect of realistic XR application and should be included in Rel-17 XR study.
Proposal 7: Power consumption evaluation should be included in the Rel-17 XR study.


1. Summary
In this paper, we discussed further aspects on evaluation assumptions for RAN1 study on XR operation in NR. The proposals in this paper are summarized as below.
Proposal 1: FR1 can be prioritized over FR2 in the Rel-17 XR study in RAN1
Proposal 2: For FR1, keep Uma as optional scenario.
Proposal 3: Keep ideal channel estimation in the simulation assumption.
Proposal 4: For FR2, define 200 MHz system bandwidth as baseline for XR evaluation. For FR1, not to define larger system bandwidth than 100 MHz in the XR evaluation.
Proposal 5: For BS antenna configuration, option 2 is preferred.
[bookmark: _GoBack]Proposal 6: For UE antenna configuration, option 2 is preferred as baseline configuration while option 1 can be considered as an optional configuration.
Proposal 7: Power consumption evaluation should be included in the Rel-17 XR study.
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