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1 Introduction
In the Revised SID of Rel-17 XR Evaluations for NR [1], the objective of this study item are listed 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 

In RAN1 #103e [2], it is agreed that 

Agreement:

· Discussion on traffic model in the next RAN1 meeting is prioritized from the beginning.
· Potential prioritization/down selection of these applications for evaluation is to be discussed after detailed traffic models and relevant evaluation assumptions are stable.

Also, most of the simulation settings for XR/CG application are agreed in RAN1 #103e (as shown in the Appendix) while there are still some remaining open SLS settings to be determined. Therefore, in RAN1 #104e, RAN1 should strive to 
· conclude the traffic model with SA4’s outcome LS as input
·  To focus on the aspects agreed in RAN1 #103e

· finalize the remaining open SLS settings 

This paper provides our views on the Rel-17 XR/CG study for NR about:
· Discussions on remaining open SLS settings
· Discussions on KPIs and evaluation methodology
2 Discussions on remaining open SLS settings
In RAN1 #103e [2], it is agreed that 
Agreement:

· It is up to company to evaluate FR1 or FR2 or both for the frequency range
·    FFS: Whether to prioritize FR1 for evaluation.
Due to FR1’s extensive coverage and less time consumed for FR1 simulation, FR1 evaluation can be prioritized to have a first stage analysis for XR/CG applications.

Proposal 1: Prioritize FR1 evaluation for its extensive coverage and less simulation time to have a first stage analysis for XR/CG applications.
There is an FFS in RAN1 #103e [2] that:
Agreement:

· FFS: whether FR1 Uma is optional or not
Due to Uma’s wider coverage, it can provide extensive coverage for CG/AR access. Hence, we have the following proposal:
Proposal 2: Uma evaluation to be mandatory for its extensive coverage for CG/AR access.
It is agreed in RAN1 #103e [2] that 

Agreement:

Adopt the following TDD configuration for XR/CG evaluation

· FR1:

· Option 1: DDDSU

· Option 2: DDDUU

FFS detailed S slot format

To our understanding, DDDSU is a more practical setting in real field. For S slot format, it is commonly set as DL:Transition:UL = 10:2:2 (symbols).
Proposal 3: Adopt TDD configuration DDDSU for FR1 and DL:Transition:UL = 10:2:2 (symbols) for S slot.
It is agreed in RAN1 #103e [2] that 

Agreement:

System bandwidth for XR/CG evaluations are as follows.

· For FR1,

· Baseline: 100 MHz

· Optional: 20/40 MHz (FFS: 200 MHz)
· FFS FR2

In 38.840 [3], the baseline BW for FR1 and FR2 are set to be 100MHz. Therefore, the baseline BW for FR1 and FR2 can also be set to be 100MHz for XR/CG evaluations. Besides, in FR1, CA is necessary to achieve an enhanced throughput for XR/CG application. Therefore, the 200MHz FFS for FR1 can be adopted for 2CC CA.
Proposal 4: Adopt 100MHz as baseline BW for FR1 and FR2 simulation. For FR1, adopt 2CC (200MHz) CA. 
It is agreed in RAN1 #103e [2] that 

Agreement:

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)

For FR1 BS antenna setting, Option 1 seems a common setting.
Proposal 5: For BS antenna parameters of outdoor scenario in FR1, adopt Option 1: 64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8).
It is agreed in RAN1 #103e [2] that 

Agreement:

UE antenna parameters for XR/CG evaluations are as follows

· 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°

For UE antenna parameters setting for XR/CG evaluations in FR2, adopting a more classic setting can ensure the developed enhancement for XR/CG applications is applicable to more UEs.
Proposal 6: For UE antenna parameters setting for XR/CG evaluations in FR2, adopt Option 2: 

· 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°

so the developed enhancement for XR/CG applications is applicable to more UEs including the classic ones.
3 Discussions on KPIs and evaluation methodology
In the Revised SID of Rel-17 XR Evaluations for NR [1], four aspects of XR/CG evaluations are highlighted:
· Power Considerations for XR and Cloud Gaming
· Capacity Considerations for XR and Cloud Gaming
· Mobility Considerations for XR and Cloud Gaming
· Coverage Considerations for XR and Cloud Gaming
It is agreed in RAN1 #103e [2] to continue to discuss evaluation methodologies for UE power consumption and system capacity and study/evaluate mobility and coverage at a later stage. Therefore, in RAN1 #104e, RAN1 can first focus on the KPIs and evaluation methodology for capacity and power consumption.
Proposal 7: in RAN1 #104e, RAN1 first focuses on the KPI and evaluation methodology for capacity and power consumption.
In RAN1 #103e, the KPI of capacity is agreed as below: 

Agreement:

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

According to the “Note”, RAN1 needs to further discuss the “satisfied” requirement. In the latest SA2 meeting (#S2-142E), an LS on New Standardized 5QIs for 5G-AIS (Advanced Interactive Services) [4] is sent to RAN1 with the following new 5QIs proposed:
	5QI

Value
	Packet Delay Budget

(NOTE 3)
	Packet Error

Rate 
	Default Maximum Data Burst Volume

(NOTE 2)
	Example Services

	New Value#1
	5ms
	10-3
	N/A
	Interactive Service - visual content for cloud/edge/split rendering, (see TS 22.261 [2])

	New Value#2
	10ms
	10-3
	N/A
	Interactive Service - visual content for cloud/edge/split rendering, (see TS 22.261 [2])

	New Value#3
	5ms
(NOTE 17)
	10-4
	300 bytes

(NOTE 19)
	Interactive Service -Motion tracking data, (see TS 22.261 [2])

	New

Value#4
	10ms
(NOTE 18)
	10-4
	600 bytes

(NOTE 19)
	Interactive Service -Motion tracking data, (see TS 22.261 [2])


With the packet delay budget (PDB) and packet error rate (PER) define above, we perform SLS simulation to derive capacity for 100Mbps XR DL traffic in FR1 Umi scenario as shown in Figure 1. In this simulation, we treat one video frame as one packet. It can be seen that the capacity for SA2 defined New 5QI values #1 (5ms/99.9%) and #2 (10ms/99.9%) is only 0 or 1 which is very limited. To serve more users in one cell, we suggest to adopt more basic requirement for user satisfaction, for example, 10ms PDB with 99% reliability requirement. On the other hand, if one frame is mapped to several packets (Ex. constant packet size), then the packet size, and mapping between PDB/PER and frame error rate/QoS needs to be further clarified.
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Figure 1. SLS capacity result for XR, DL 100 Mbps, FR1, Umi
Proposal 8: For XR/CG evaluation, if one frame is mapped to several packets (Ex. constant packet size), then the packet size, and mapping between PDB/PER and frame error rate/QoS needs to be further clarified.
Proposal 9: For XR/CG evaluation, if one frame is mapped to one packet, a UE is satisfied if 99% files are delivered within packet delay budget (PDB) = 10ms. For requirements defined in SA2 LS S2-2009227 (5ms/99.9% and 10ms/99.9%), they can serve as optional (advanced) user satisfaction criterion.
Besides, we also perform SLS simulation to derive 2CC CA capacity for 100Mbps XR DL traffic in FR1 Umi scenario as shown in Figure 2. It can be seen that 2CC CA can achieve >2x gain compared to 1CC scenario. Also, it is essential to support multiple users per cell for multi players in one game/application. Therefore, we see the necessity to introduce CA setting:
Proposal 10: For FR1 XR/CG application, adopt 2CC (200MHz) CA for evaluation (2CC CA can achieve >2x gain compared to 1CC scenario in terms of capacity).
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Figure 2. SLS capacity result for XR, DL 100 Mbps, FR1, Umi, under 1CC/2CC
For the reply LS to SA2 LS S2-2009227 [4], we have the following proposal:
Proposal 11: To reply to SA2 LS S2-2009227 on whether the new 5QIs can be supported by RAN1, the following should be determined first:
· DL/UL Traffic model

· Number of user to be supported by one BS

· MDBV (maximum data burst volume) value

· Required data rate/throughput
For the KPI of power consumption, we have the following proposal:
Proposal 12: Adopt the following KPI for XR/CG power evaluation

· UE power saving gain for a given system load, achieving system capacity
For XR/CG applications, one key difference from eMBB is the heavier and more critical UL traffic including gaming command, pose update, and scenery uploading. Therefore, UL should also be included for XR/CG power consumption evaluation.

Proposal 13: Include both DL and UL for XR/CG power consumption evaluation.
For the DL UE power consumption, as there are various power saving methods in R15/R16/R17, some of them may also be applicable to XR with negligible capacity impact. Therefore, those existing R15/R16/R17 power saving techniques should be evaluated first to serve as baseline for DL power saving.
Proposal 14: R15/R16/R17 available DL power saving techniques, including BWP switch, cross-slot scheduling, SCell dormancy, and MIMO layer adaptation, should be evaluated first for DL power consumption baseline determination in XR/CG scenario.
For the UL UE power consumption, currently PUSCH power and PUCCH power are available in 38.840 [3]. During RAN1 #103e meeting, some new power states are proposed as below:
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Observing the power values #1 to #5, it can be seen that the delta value is small compare to existing values in 38.840 [3] (#1 is close to #2, #3, and #4 is close to #5). Therefore, we have the following proposal:
Proposal 15: Do not introduce additional UL power model required on top of 38.840 due to the small delta values. 
For S slot, normally there are 10 or more DL symbols in one slot (14 symbols). We hence have the following proposal: 
Proposal 16: Model the power consumption of S slot as DL slot.
4 Summary 

In this contribution, we focus on the discussions for Rel-17 XR Evaluations for NR and have the following proposals:
Proposal 1: Prioritize FR1 evaluation for its extensive coverage and less simulation time to have a first stage analysis for XR/CG applications.

Proposal 2: Uma evaluation to be mandatory for its extensive coverage for CG/AR access.
Proposal 3: Adopt TDD configuration DDDSU for FR1 and DL:Transition:UL = 10:2:2 (symbols) for S slot.

Proposal 4: Adopt 100MHz as baseline BW for FR1 and FR2 simulation. For FR1, adopt 2CC (200MHz) CA. 
Proposal 5: For BS antenna parameters of outdoor scenario in FR1, adopt Option 1: 64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8).
Proposal 6: For UE antenna parameters setting for XR/CG evaluations in FR2, adopt Option 2: 

· 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°

so the developed enhancement for XR/CG applications is applicable to more UEs including the basic ones.
Proposal 7: in RAN1 #104e, RAN1 first focuses on the KPI and evaluation methodology for capacity and power consumption.
Proposal 8: For XR/CG evaluation, if one frame is mapped to several packets (Ex. constant packet size), then the packet size, and mapping between PDB/PER and frame error rate/QoS needs to be further clarified.
Proposal 9: For XR/CG evaluation, if one frame is mapped to one packet, a UE is satisfied if 99% files are delivered within packet delay budget (PDB) = 10ms. For requirements defined in SA2 LS S2-2009227 (5ms/99.9% and 10ms/99.9%), they can serve as optional (advanced) user satisfaction criterion.

Proposal 10: For FR1 XR/CG application, adopt 2CC (200MHz) CA for evaluation (2CC CA can achieve >2x gain compared to 1CC scenario in terms of capacity).
Proposal 11: To reply to SA2 LS S2-2009227 on whether the new 5QIs can be supported by RAN1, the following should be determined first:

· DL/UL Traffic model

· Number of user to be supported by one BS

· MDBV (maximum data burst volume) value

· Required data rate/throughput
· Proposal 12: Adopt the following KPI for XR/CG power evaluation

· UE power saving gain for a given system load, achieving system capacity

Proposal 13: Include both DL and UL for XR/CG power consumption evaluation.
Proposal 14: R15/R16/R17 available DL power saving techniques, including BWP switch, cross-slot scheduling, SCell dormancy, and MIMO layer adaptation, should be evaluated first for DL power consumption baseline determination in XR/CG scenario.
Proposal 15: Do not introduce additional UL power model required on top of 38.840 due to the small delta values. 
Proposal 16: Model the power consumption of S slot as DL slot.
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6 Appendix
SLS simulation parameters used for capacity evaluation (outdoor dense urban FR1) 
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