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Introduction

RAN#91 approved a revised SID on XR Evaluations for NR [1]:
	[bookmark: _Hlk75958757]4.1	Objective of SI or Core part WI or Testing part WI
The following applications are to be considered as starting points for this study: 
1. VR1: “Viewport dependent streaming”
2. VR2: “Split Rendering: Viewport rendering with Time Warp in device”
3. AR1: “XR Distributed Computing”
4. AR2: “XR Conversational”
5. 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:
6. UL and DL File Size distribution (e.g., Pareto with given parameters)
7. UL and DL File arrival time distribution (e.g., Periodic every 1/60 seconds)
Traffic requirements: 
8. Round-trip-time or UL and DL one-way Packet delay budget (PDB)
9. 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
1. 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.
1. Identify evaluation methodology to assess XR and CG performance along with identification of KPIs of interest for relevant deployment scenarios
1. 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 



In this contribution we present our views on the evaluation methodology, particularly focusing on the remaining KPIs and the target metrics of interest. 

Mobile XR UEs

Handovers by means of RRC-based inter-cell changes for Connected Mode UE is a procedure that is primarily standardized (and performance benchmarked) by RAN2 and RAN4, and typically also the working groups where related enhancements are discussed and decided. The handover performance in terms of Handover failure (HOF) and Ping-Pong (PP) events is generally found to be good with low probabilities for such undesirable events from other studies, especially for low to medium UE velocities. Moreover, the HOF and PP events are expected to be on the same order of magnitude for eMBB and XR traffic cases, and hence no XR-specific aspects to be addressed. As detailed performance evaluation of HOF/PP is rather complicated and typically done by RAN2/RAN4, we therefore recommend: 

Proposal 1: RAN1 shall not to conduct advanced dynamic system-level simulations to assess the HOF and PP handover performance at this point of time.

Proposal 2: Conduct simple analytical study of the number of affected XR frames for the different agreed XR traffic models from HO interruption times, considering traditional HO, CHO, and DAPS (FR1 only). The XR TR 38.838 shall include a Table (e.g., ala the Table 1 in R1-2109737 [2]) with the HO interruption times, as well as calculation of the number of effected XR frames from such interruptions. Based on that, meaningful conclusions can be drawn on how this will impact the XR QoS/QoE, including potential pointers for possible enhancements. 


Following the email discussion during RAN1#106-e, the mobility KPI for the XR study is proposed to be defined according to the following lines:

Proposal 3: For mobility evaluation of XR services in NR, conduct an analytical study of the following steps:
1. Step 1. HO interruption time is calculated for existing HO techniques by directly following the requirements given in 3GPP TS 38.133.
2. Step 2. For a HO interruption time Y (calculated in Step 1) and the XR traffic pattern characterized by the inter-arrival rate R and the packet delay budget PDB:
a. Number of consecutive XR frames lost due to a HO event, N is estimated as: N = (Y – PDB) / R
i. Example: Assuming 60fps video for VR with R=16.6ms, PDB = 10ms and HO interruption time Y=71ms, the number of lost XR frames is “(71-10) / 16.6 = 3.67 frames”.
b. Minimum allowed time interval between HO events, T is estimated as: T = (Y – PDB) / (100% – X), where X is the UE satisfactory requirement (baseline X = 99%, “a UE is declared a satisfied UE if more than X (%) of packets are successfully transmitted within a given air interface PDB, as per agreement in RAN1#104-e”). If HO evens happen more often, the XR UE becomes unsatisfied.
i. Example: Assuming 60fps video for VR with R=16.6ms, PDB = 10ms and HO interruption time Y=71ms, the minimum allowed interval between HO events is “(71-10) / 1% = 6.1s”.
3. Step 3. Assuming that HO events happen for an XR UE, on average, every Z meters on its way, the critical speed of an XR UE leading to it becoming unsatisfied, V, is given as: V = Z / T. If the XR UE is moving faster than the derived speed, the XR UE is unsatisfied.
i. Example: The approach is illustrated in Figure 1. Assuming 60fps video for VR with R=16.6ms, PDB = 10ms, HO interruption time Y=71ms and that HO happens every 71.5 meters (as detailed in [2]), the inter-HO time, T, is 6.1s (as in Step 2b), hence the critical UE speed is “71.5 m / 6.1s = 11.7m/s = 42.2km/h”.
ii. Note: Other methods for computing Z (the distance between two HOs events) can be optionally evaluated.



	[image: ]



Figure 1 – Deriving critical speed of an XR UE leading to the UE becoming unsatisfied.

The proposed methodology is (i) analytical and low-complex, (ii) in line with prior agreements made within the XR SI, however, (iii) allows to make important observations regarding the impact of mobility on the performance of XR services in NR, as further illustrated in [2].
Conclusions
In this contribution, we discussed the performance evaluation methodology for the XR SI.
Proposal 1: RAN1 shall not to conduct advanced dynamic system-level simulations to assess the HOF and PP handover performance at this point of time.

Proposal 2: Conduct simple analytical study of the number of affected XR frames for the different agreed XR traffic models from HO interruption times, considering traditional HO, CHO, and DAPS (FR1 only). The XR TR 38.838 shall include a Table (e.g., ala the Table 1 in R1-2109737 [2]) with the HO interruption times, as well as calculation of the number of effected XR frames from such interruptions. Based on that, meaningful conclusions can be drawn on how this will impact the XR QoS/QoE, including potential pointers for possible enhancements.

Proposal 3: For mobility evaluation of XR services in NR, conduct an analytical study of the following steps:
1. Step 1. HO interruption time is calculated for existing HO techniques by directly following the requirements given in 3GPP TS 38.133.
2. Step 2. For a HO interruption time Y (calculated in Step 1) and the XR traffic pattern characterized by the inter-arrival rate R and the packet delay budget PDB:
a. Number of consecutive XR frames lost due to a HO event, N is estimated as: N = (Y – PDB) / R
i. Example: Assuming 60fps video for VR with R=16.6ms, PDB = 10ms and HO interruption time Y=71ms, the number of lost XR frames is “(71-10) / 16.6 = 3.67 frames”.
b. Minimum allowed time interval between HO events, T is estimated as: T = (Y – PDB) / (100% – X), where X is the UE satisfactory requirement (baseline X = 99%, “a UE is declared a satisfied UE if more than X (%) of packets are successfully transmitted within a given air interface PDB, as per agreement in RAN1#104-e”). If HO evens happen more often, the XR UE becomes unsatisfied.
i. Example: Assuming 60fps video for VR with R=16.6ms, PDB = 10ms and HO interruption time Y=71ms, the minimum allowed interval between HO events is “(71-10) / 1% = 6.1s”.
3. Step 3. Assuming that HO events happen for an XR UE, on average, every Z meters on its way, the critical speed of an XR UE leading to it becoming unsatisfied, V, is given as: V = Z / T. If the XR UE is moving faster than the derived speed, the XR UE is unsatisfied.
i. Example: The approach is illustrated in Figure 1. Assuming 60fps video for VR with R=16.6ms, PDB = 10ms, HO interruption time Y=71ms and that HO happens every 71.5 meters (as detailed in [2]), the inter-HO time, T, is 6.1s (as in Step 2b), hence the critical UE speed is “71.5 m / 6.1s = 11.7m/s = 42.2km/h”.
ii. Note: Other methods for computing Z (the distance between two HOs events) can be optionally evaluated.
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