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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 #104e [2], most of the simulation settings and the baseline requirements (PDB/PER) for XR/CG applications are agreed. In the meantime, there are some remaining FFS points on UE satisfaction and multi-stream modelling:
Agreements: RAN1 adopts a parameterized statistical traffic model for evaluation of XR and CG, and KPI with details as shown below:

· There are M1 and M2 streams in DL and UL respectively

· At least adopt the case where M1=1 & M2=1

· FFS the values of M1 and M2, including the possibility of being application-dependent

· Per UE KPI

· Baseline: A UE is declared a satisfied UE if more than X (%) of packets are successfully transmitted within a given air interface PDB. The exact value of X is FFS, e.g., 99, 95
· FFS different values for I-frame and P-frame if evaluation of them is agreed. 
Agreements: 

UL:
Working assumption: On UL Traffic model and QoS parameters

· CG/VR: single stream (pose/control)

· AR 

· FFS: Number of streams
· FFS: Bitrate

· FFS: Air interface Packet Delay budget (PDB)

· FFS: Frame-level/IP packet-level modeling for packet arrival, latency measure, etc. 

· FFS: Packet size
Agreements: On evaluation of multiple streams/flows:

· FFS the following in RAN1#104-bis-e 

· Whether/how to model and evaluate I-frame and P-frame for both DL and UL, e.g., separate definition of fps, packet size, QoS requirements (e.g., PER, PDB), etc. 
· Whether/how to separately model and evaluate two streams of video and audio/data for both DL and UL 
· Whether/how to model and evaluate FOV (high-resolution) and non-FOV (lower-resolution omnidirectional) streams, e.g., separate definition of fps, packet size, QoS requirements (e.g., PER, PDB), etc 
This paper provides our views on the Rel-17 XR/CG study for NR about:
· Discussions on KPIs and evaluation methodology for capacity
· Discussions on KPIs and evaluation methodology for power consumption
2 Discussions on KPIs and evaluation methodology for capacity
In RAN1 #104e [2], it is agreed that
Agreements: RAN1 adopts a parameterized statistical traffic model for evaluation of XR and CG, and KPI with details as shown below:

· There are M1 and M2 streams in DL and UL respectively

· At least adopt the case where M1=1 & M2=1

· FFS the values of M1 and M2, including the possibility of being application-dependent

· Per UE KPI

· Baseline: A UE is declared a satisfied UE if more than X (%) of packets are successfully transmitted within a given air interface PDB. The exact value of X is FFS, e.g., 99, 95
· FFS different values for I-frame and P-frame if evaluation of them is agreed. 
For the determination of M1, in current cloud gaming industry, Google Stadia (https://passthroughpo.st/stadias-hidden-limitation-video-encoding/) and Nvidia Geforce Now 

(https://docs.nvidia.com/drive/drive_os_5.1.6.1L/nvvib_docs/index.html#page/DRIVE_OS_Linux_SDK_Development_Guide/NvMedia/nvmedia_nvmvid_enc.html) both uses the IDR (Instantaneous Decoder Refresh) refresh model for video encoding. Therefore, to conduct realistic evaluations in RAN1, it is natural to adopt IDR model. IDR model has one large Intra-coded I-frame at the beginning of each Group Of Picture (GOP) and small Predicted P-Frame afterwards encoded differentially to the previous I-frame or P-Frame. Hence, IDR is a frame based intra refresh model and GOP contains the frames starting from an I-frame till the next I-frame. Also, IDR has a low implementation complexity to reduce the video encoding latency.
Proposal 1: For the value of M1 in multi-stream traffic for VR/AR/CG, in order to conduct realistic evaluations in RAN1, adopt IDR (Instantaneous Decoder Refresh) model with M1=2 to model I-frame and P-frame separately, considering IDR’s low encoding complexity and wide usage in current industry (e.g. Google Stadia, Nvidia Geforce Now).
In RAN1 #104e [2], it is agreed that
Agreements: On evaluation of multiple streams/flows:

· FFS the following in RAN1#104-bis-e 

· Whether/how to model and evaluate I-frame and P-frame for both DL and UL, e.g., separate definition of fps, packet size, QoS requirements (e.g., PER, PDB), etc.
To model the IDR model, taking input from SA4 LS [3] in RAN1 #104e:
	Configuration
	Basic Content Parameters

	VR2-5
	1 slice per eye buffer, every 8th frame is intra coded, 30Mbit/s capped VBR with window 200ms, buffer sent at same time, 1500 byte max packet size 

	AR2d-5
	1 slice per eye buffer, every 8th frame is intra coded, 30Mbit/s capped VBR with window 200ms, buffer sent at same time, 1500 byte max packet size 


It can be seen that the configuration VR2-5 and AR2d-5 in SA4 LS [3] is using an IDR model. Therefore, the parameters of fps and packet size for I-frame and P-frame can be derived based on the configuration VR2-5 in SA4 LS [3]. 

Proposal 2: The parameters of fps and packet size for I-frame and P-frame of the IDR model can be derived based on the configuration VR2-5 and AR2d-5 in SA4 LS [3].
As for the QoS requirements (e.g., PER, PDB) of I-frame and P-frame of the IDR model, since the video frames are differentially encoded, losing either one of I-frame or P-frame would request an retransmission of I/P-frame so the succeeding video frames can be decoded. Therefore, the PER of I-frame and P-frame can be set equal. For the PDB requirement, due to the larger size of an I-frame, the PDB for I-frame should be set larger than a P-frame.
Proposal 3: The PER of I-frame and P-frame can be set equal, ex. 99% PER. The PDB for I-frame should be set larger than P-frame, e.g., 8ms for P-frame and 12ms for I-frame, or, 5ms for P-frame and 15ms for I-frame.

For the value of M2, we see the need to apply at least M2=3 for AR to distinguish the three streams of pose/control and I-frame of video, P-frame of video, which can have very different traffic characteristics. For pose/control, RAN1 #104e agreements for CG/VR can be applied:
Agreements: 

UL:

Working assumption: On UL Traffic model and QoS parameters

· CG/VR: single stream (pose/control)

· Traffic model for Pose/control 

· Periodic: 4ms (no jitter) 

· Other values can be optionally evaluated. 

· Fixed: 100 bytes (SA4 input)

· PDB: 10 ms
· AR 

· FFS: Number of streams
· FFS: Bitrate

· FFS: Air interface Packet Delay budget (PDB)

· FFS: Frame-level/IP packet-level modeling for packet arrival, latency measure, etc. 

· FFS: Packet size
For the modelling of I/P frame, the configuration AR2u-5 in SA4 LS [3] using an IDR model can be used to derive the parameters of fps and packet size for I-frame and P-frame. For PER/PDB of I/P frame, similar to DL, the PER of I-frame and P-frame can be set equal, ex. 99% PER, while the PDB for I-frame should be set larger than P-frame.
	Configuration
	Basic Content Parameters

	AR2u-5
	1 slice, every 8th frame is intra coded, 10Mbit/s capped VBR with window 200ms, buffer sent at same time, 1500 byte max packet size 


Proposal 4: For AR application, adopt M2=3 to model the three streams of pose/control and I-frame of video, P-frame of video. For pose/control, RAN1 #104e agreements for CG/VR can be applied. For the modelling of I/P frame, the configuration AR2u-5 in SA4 LS [3] using an IDR model can be used to derive the parameters of fps and packet size for I-frame and P-frame. The PER of I-frame and P-frame can be set equal, ex. 99% PER. The PDB for I-frame should be set larger than P-frame.
3 Discussions on KPIs and evaluation methodology for power consumption
In RAN1 #104e [2], it is agreed that

 Agreements:At least for XR/CG capacity evaluation, for DL and UL 

· Baseline: DL and UL performances are evaluated independently

· Optional: DL and UL performance are evaluated together 

Since most NR systems are TDD systems, it is reasonable to evaluate DL and UL capacity independently as a baseline, since the DL and UL transmissions do not interfere with each other. However, for power consumption, both DL and UL transmission would contribute to power consumption and should be evaluated together. For example, UL retransmission can induce additional DL PDCCH monitoring. Besides, for XR/CG applications, one key difference from eMBB is the heavier and more critical UL traffic including pose/control, and video uploading. Therefore, we have the following proposal:

Proposal 5: For XR/CG power consumption evaluation, DL and UL power consumption are evaluated together, since both DL and UL transmission contribute to power consumption, and UL retransmission can induce additional DL PDCCH monitoring. Also, XR/CG has heavier and more critical UL traffic including pose/control, and video uploading compared to eMBB.
In RAN1 #104e [2], it is agreed that

Agreements To facilitate further discussion on evaluation of power saving effect of different power saving schemes, the following references are defined.
· Case 1 (baseline): UE power consumption assuming UE is always ON, i.e., UE is always available for gNB scheduling.

· Case 2 (FFS optional or baseline): UE power consumption assuming Rel-15/16 CDRX configuration

· FFS CDRX configuration details

· Company can also optionally evaluate other cases
With the very frequent periodic 4ms pose/control UL agreed in RAN1 #104e [2], we think CDRX is not helpful and should be optional.
Proposal 6: For XR/CG power consumption evaluation, CDRX is optional.
In RAN1 #104e [2], it is agreed that

Agreements: UE power consumption (i.e., power saving gain of the evaluated scheme) for XR is evaluated in conjunction with impact on latency, user experience, and capacity.  In this regard, the following table is used to collect results for system level simulation from companies as a starting point. 

· FFS all UEs or only satisfied UEs are included for obtaining the PS gain

Table 1 Evaluation of UE power saving schemes for e.g., {dense urban, AR, FR1}
	Power Saving Scheme
	Power Saving Gain (PSG) compared to Case 1
	#satisfied UEs per cell2 / #UEs per cell3

	
	Baseline
	Optional
	

	
	Mean PS gain
	PS gain of 5%-tile UE in PSG CDF1
	PS gain of 50%-tile UE in PSG CDF1
	PS gain of 95%-tile UE in PSG CDF1
	

	Case 1
	-
	-
	-
	-
	K1 / N

	Case 2
	X1 %
	Y1 %
	Z1 %
	U1%
	K2/ N

	Case X
	X2 %
	Y2 %
	Z2 %
	U2%
	K3 / N

	 
	 
	 
	 
	 
	 


Note 1: CDF of power saving gains of UE

Note 2: # of satisfied UEs per cell among # of UEs per cell (=N). 

Note 3: # of dropped UEs per cell (=N) that needs to be the same for all power saving schemes to be evaluated.
However, it is still not clear what the KPI for XR/CG power evaluation is. Hence, we propose to have a clear definition for KPI of XR/CG power evaluation.
Proposal 7: Adopt the following KPI for XR/CG power evaluation

· UE power saving gain for a given “number of UEs per cell” derived by capacity SLS simulation which achieves system capacity, with at least X % of UEs being satisfied
· X=90 (baseline) or 95 (optional) is set to be the same as capacity evaluation
4 Summary 

In this contribution, we focus on the discussions for Rel-17 XR Evaluations for NR and have the following proposals:
Proposal 1: For the value of M1 in multi-stream traffic for VR/AR/CG, in order to conduct realistic evaluations in RAN1, adopt IDR (Instantaneous Decoder Refresh) model with M1=2 to model I-frame and P-frame separately, considering IDR’s low encoding complexity and wide usage in current industry (e.g. Google Stadia, Nvidia Geforce Now).
Proposal 2: The parameters of fps and packet size for I-frame and P-frame of the IDR model can be derived based on the configuration VR2-5 and AR2d-5 in SA4 LS [3].
Proposal 3: The PER of I-frame and P-frame can be set equal, ex. 99% PER. The PDB for I-frame should be set larger than P-frame, e.g., 8ms for P-frame and 12ms for I-frame, or, 5ms for P-frame and 15ms for I-frame.

Proposal 4: For AR application, adopt M2=3 to model the three streams of pose/control and I-frame of video, P-frame of video. For pose/control, RAN1 #104e agreements for CG/VR can be applied. For the modelling of I/P frame, the configuration AR2u-5 in SA4 LS [3] using an IDR model can be used to derive the parameters of fps and packet size for I-frame and P-frame. The PER of I-frame and P-frame can be set equal, ex. 99% PER. The PDB for I-frame should be set larger than P-frame.
Proposal 5: For XR/CG power consumption evaluation, DL and UL power consumption are evaluated together, since both DL and UL transmission contribute to power consumption, and UL retransmission can induce additional DL PDCCH monitoring. Also, XR/CG has heavier and more critical UL traffic including pose/control, and video uploading compared to eMBB.
Proposal 6: For XR/CG power consumption evaluation, CDRX is optional.
Proposal 7: Adopt the following KPI for XR/CG power evaluation

· UE power saving gain for a given “number of UEs per cell” derived by capacity SLS simulation which achieves system capacity, with at least X % of UEs being satisfied
· X=90 (baseline) or 95 (optional) is set to be the same as capacity evaluation
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