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[bookmark: _Hlk510705081]RAN#91 approved a revised SID on XR Evaluations for NR [1]:
	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: 
· 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
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 deployment configurations, radio-related parameters, KPIs, and the target metrics of interest. 





Evaluation Methodology

Mobility KPIs
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.
There are several mobility related Key Performance Indicators (KPIs) of relevance when it comes to the performance of mobile users with an active XR session that experience an RRC-based handover (inter-cell change). These are:
· Handover failure (HOF): First condition for maintaining good XR performance (while the UE is subject to handover execution) is that the HOF probability is sufficiently low. Proper evaluation of this will in principle require fully dynamic system-level simulations. However, available results for the NR Rel-16 HO performance shows that the HOF probability is typically rather lower, say on orders of less than 0.5% for UE speeds of 50 kmph, and even lower for pedestrian users. This order of magnitude for the HOF probability is considered acceptable for XR use cases where user satisfaction is achieved if 99% of frames are correctly received within the PDB (and for the majority of the time, UEs are not subject to handovers). We therefore do not see a need for detailed dynamic system-level simulations in the XR study item to assess HOF probability. 
· Ping-Pong (PP) events: PP events, also known as undesirable handovers, should naturally be kept at a low probability to ensure good XR performance. As for the HOF, earlier system-level simulations have confirmed that the PP probability can be kept low by proper parameterization of HO trigger parameters (such as e.g. A3 offset and the Time-to-Trigger – TTT). We therefore do not see a need for detailed simulations in the XR study item to assess the PP probability. 
· Interruption Time: At every successful handover there is a temporary interruption of the data connectivity, called the interruption time. As an example, the interruption time was studied in RAN2 in [2], and requirements for NR Rel-16 handover interruption times are captured in 3GPP TS 38.133, Clause 6.1.1.2.2 (as per earlier agreements in RAN4). The interruption time roughly varies from 40-80 ms depending on the conditions and we expect a reduction of approximately 10ms compared to baseline handover of Rel. 15 if Conditional Handover (CHO) is used along with early data forwarding, as the time for RRC procedure delay can be saved since the UE can still receive data from the source cell while decoding conditional reconfiguration to be executed. 3GPP TS 38.133 also defines the interruption time for DAPS, which can be down to 2 ms for intra-frequency synchronous case in FR1. But, although the radio interruption on the Uu interface is down to 2 ms in some DAPS scenarios, there is an additional end-2-end delay for UL only since the target cell cannot forward the buffered UL packets to UPF/Serving Gateway before it receives the final SN Status Transfer message. Moreover, it shall be noted that DAPS is only specified for FR1 (see 3GPP TS 38.300/331). In summary, the values for handover interruption times are directly available from 3GPP TS 38.133, and hence shall be used in Rel-17 XR SI. Consider the values for traditional HO, CHO, and DAPS (FR1 only).
· Start time of the handover execution: The start time of the HO execution, and the duration of the HO interruption time will determine the number of effected XR frames that will be impacted. Either being lost (if e.g. a packet discard timer is applied) or delayed beyond the PDB for the XR service. Simple analytical calculations can be conducted on how many XR frames are impacted for the considered XR traffic models, given different assumptions on the time of the HO execution and interruption time.
· Impact of using CDRX: Timely availability of UE RRM measurements and opportunities for gNb-UE signal in connection with the HO is of importance and may be impacted by the use of CDRX. As use of CDRX is being studied for XR UE power saving, it shall be checked (e.g. by means of simple analytical calculations) how the use of optimal CDR configuration for UE power saving may have impact on the HO timing. 

Given these considerations, we arrive as the following observations:
Observation 1: The handover failure (HOF) and Ping-Pong (PP) probability can be assumed to be much less than 0.5% (and often lower), which is acceptable for XR use cases.
Observation 2: Values for the handover interruption times shall be taken from the NR Rel-16 requirements in 3GPP TS 38.133, Clause 6.1.1.2.2. Considering cases with traditional HO, CHO, and DAPS (for FR1 only).
Observation 3: Given the agreed XR traffic models, it can be analytically calculated how many XR frames will have their PDB violated for different values of interruption time (i.e. depends on HO type) and the starting time of the HO execution.

This leads to the following proposals:
Proposal 1: There is no need for RAN1 to conduct advanced dynamic system-level simulations to assess the XR handover performance at this point of time. Note also that it is typically RAN2 and RAN4 conducting detailed handover system-level performance analysis.
Proposal 2: Conduct simple analytical analysis of the number effected XR frames for the different agreed XR traffics, adopting the requirements for the interruption time from 3GPP TS 38.133, considering traditional HO, CHO, and DAPS (FR1 only). Based on that, simple conclusions can be drawn on how this will impact the XR QoS/QoE, including potential pointers for possible enhancements.
Proposal 3: When later concluding on the recommended CDRX setting to best leverage the tradeoffs between XR service QoE (or XR system capacity) and UE power consumption, it shall be checked by means of simple analytical calculation how this influence on the timing of the HO.


Coverage KPIs
For the sake of simplicity, it is recommended to study the coverage on the same scenarios and general simulation methodologies as for capacity investigations. That is, reuse the same scenarios (Dense Urban and Indoor Hotpot) and adapt the end-user satisfaction criteria as adopted for the capacity evaluations.
Given the current XR system-level results, it appears that the potential coverage challenges mainly relate to the UL, rather than to the DL, as also expressed in the XR SID. FR1 is obvious less challenging, while the FR2 Dense Urban case with indoor UEs (served by outdoor gNB) with high UL data rates is the most challenging case.
The later leads to the following proposal:
Proposal 4: The coverage can simply be defined as the probability that an XR user is satisfied under low load conditions.

That is, the coverage metric can be obtained by simply running system-level simulations according to the agreed methodology for the capacity evaluations, but with very low offered traffic, i.e., only one UE per cell. This should be an accurate enough yet simple approach. One additional benefit is that there is no need to agree on and carry out new link-level simulations, as was otherwise the case for the detailed Study on NR coverage enhancements in 3GPP TR 38.830.
Therefore, we propose:
Proposal 5: Rely on the agreed system-level simulation methodology for assessing the XR coverage performance without the need for new link-level performance studies.
Proposal 6: The coverage for the agreed XR scenarios (i.e. Dense Urban, Indoor Hotspot) is defined as the probability of XR user satisfaction under low load conditions with only one UE per cell. Applying the same user satisfaction criteria as used for the Capacity evaluations.

Capacity KPIs
Following the preliminary discussions in Track 03 (“Simulation Results”) during the RAN1 104bis-e it was observed that the results reported by companies may differ by as high as an order of magnitude. A notable part of this mismatch is envisioned to come from the difference in applied configurations (BWs, antenna models, etc.), hence, the use of the proposed table template is beneficial [3].
At the same time, some mismatch may still come from the parameters not reported in the table and/or differences in configuring the implementation-specific simulator details, as well as a particular deployment of the UEs. Hence, it may be beneficial if companies also present the SINR CDF curves or, at least, the average SINR values in their deployment, when presenting observations and/or proposals.
Therefore, we propose:
Proposal 7: Companies are encouraged to report the SINR CDF curves/quantiles (e.g., 5%, 50%, and 95%), and/or the average SINR values to facilitate analysis of their individual observations and conclusions.

UE Power Consumption KPI. Power model for the UEs with the Tx power less than 0dBm
An appropriate model for the XR UE devices was actively discussed during the 104bis-e and the following agreement has been made, as in [4]:
Agreement: 
For UL UE power consumption evaluation, the following is encouraged 
· Linear interpolation method in linear scale for Tx power values other than 0 dBm and 23 dBm  
· Companies should indicate how they do linear interpolation method in linear scale considering stepwise linear average of UE power model 
· FFS: Further clarifications on linear interpolation method in linear scale considering stepwise linear average of UE power model 
· Other methods that can be used for evaluation: Consider only two Tx power values as defined in TR 38.840  
· Power number is given as A for X= [0, M]dBm and B for X =[M, 23]dBm, where A and B (defined in 38.840) correspond to power consumption numbers for a given uplink slot for 0dBm and 23dBm respectively.  
· M = [20] 
· Other value(s) of M can be optionally evaluated 

Summarizing, it was agreed to use a linear interpolation model as a baseline to approximate the UE power consumption values (namely, “250” and “700” for FR1, as in TR 28.840), when the UE Tx power is between 0 dBm and 23 dBm.

Later, there was a separate discussion during the RAN1 104bis-e if the same model should be applied for the UEs with Tx power less than 0 dBm. It was noted that such Tx powers (less than 0 dBm) might appear in e.g., envisioned indoor deployments, where the separation distance between the UE and the corresponding gNB antenna is relatively small.
After an active discussion, the following possible proposal was presented by FL that received no objections during the meeting, but was not endorsed by the Chairman, as we ran out of time:

NOT ENDORSED DURING 104-bis-e 
Updated possible proposal 5:  UE with transmit power less than 0 dBm is considered for power consumption evaluation. 
· FFS power model UE with transmit power less than 0 dBm, e.g., 
· Option 1: Extrapolation is adopted for UE with transmit power less than 0 dBm 
· Option 2: Adopt the power model of 0 dBm for UE with transmit power less than 0 dBm 
· Other options are not precluded. 
· Companies should report the power model for UE with transmit power less than 0 dBm 


For the UEs with the Tx power lower than 0 dBm, we believe it is important to agree on a unified approach on how their power consumption is modeled, so that the results reported by companies are comparable to each other. It would be inconvenient if the SI has a baseline model for the main interval (between 0 dBm and 23 dBm) and does not have one for the “tail” part (less or equal 0 dBm).
Here, we suggest reusing the same approach, as for the interval “0dBm – 23 dBm”, and agree on a unified baseline, if possible.
Therefore, we propose:
Proposal 8: Agree on a unified UE power model for the UEs with the Tx power less than 0 dBm.

Analyzing the Updated possible proposal 5 above in more details, we also observe that there were two main options proposed by companies:
· Extrapolate linear-interpolated data, as in Option 1, and
· Apply the same power model as for 0 dBm, as in Option 2

These options were supported by different companies, so no conclusion was made during the RAN1 104bis-e. Studying these options, we first observe that:
Observation 4: The overall UE device power consumption with the Tx power less than 0 dBm is primarily dominated by other factors than the actual transmit power of less than 1 mW.

Proceeding with the numerical analysis, we observe that for FR1, Option 2 suggest the UEs with the Tx power less than 0 dBm to have the power consumption level of 250 (as in TR 38.840).
Meanwhile, Option 1 will lead to a a linear interpolation (in a linear scale) between the points (0 dBm; 250) and (23 dBm; 700). In linear scale, this becomes (1mW; 250) and (200mW; 700).
Hence, the linear interpolation in a form of “y = a*x + b” is adopted, where:
250 = a*1 + b;
700 = a*200 + b
Solving these two equations, we see that “a = 2.26 (=450/199)”, while “b = 247.74”. Hence, if one studies an extreme case of UE Tx power equal to 0mW, Option 1 gives y = 2.26 * 0 + 247.74 = 247.74, while Option 2 gives 250. So, the difference between the results with Option 1 and Option 2 for 0mW is less than 1% (247.74 vs. 250). The difference would be even smaller for any practical UE Tx power between 0mW and 1mW (0dBm).
Hence, we observe:
Observation 5: The overall UE device power consumption with the Tx power less than 0 dBm, when following Option 1 or Option 2, differs by no more than 1%, which is a marginal difference. These two models are effectively equivalent for our particular case.

Hence, we propose:
Proposal 9: Adopt either Option 1 or Option 2 for the UEs with the Tx power less than 0 dBm, as these two give almost identical results (less than 1% difference). Option 2 here may be slightly preferable, as it is simpler in terms of implementation complexity.


Conclusion
In this contribution, we discussed the performance evaluation methodology for the XR SI. The following observations have been made:
Observation 1: The handover failure (HOF) and Ping-Pong (PP) probability can be assumed to be much less than 0.5% (and often lower), which is acceptable for XR use cases.
Observation 2: Values for the handover interruption times shall be taken from the NR Rel-16 requirements in 3GPP TS 38.133, Clause 6.1.1.2.2. Considering cases with traditional HO, CHO, and DAPS (for FR1 only).
Observation 3: Given the agreed XR traffic models, it can be analytically calculated how many XR frames will have their PDB violated for different values of interruption time (i.e. depends on HO type) and the starting time of the HO execution.
Observation 4: The overall UE device power consumption with the Tx power less than 0 dBm is primarily dominated by other factors than the actual transmit power of less than 1 mW.
Observation 5: The overall UE device power consumption with the Tx power less than 0 dBm, when following Option 1 or Option 2, differs by no more than 1%, which is a marginal difference. These two models are effectively equivalent for our particular case.

The following main proposals have been made:
Proposal 1: There no need for RAN1 to conduct advanced dynamic system-level simulations to assess the XR handover performance at this point of time. Note also that it is typically RAN2 and RAN4 conducting detailed handover system-level performance analysis.
Proposal 2: Conduct simple analytical analysis of the number effected XR frames for the different agreed XR traffics, adopting the requirements for the interruption time from 3GPP TS 38.133, considering traditional HO, CHO, and DAPS (FR1 only). Based on that, simple conclusions can be drawn on how this will impact the XR QoS/QoE, including potential pointers for possible enhancements.
Proposal 3: When later concluding on the recommended CDRX setting to best leverage the tradeoffs between XR service QoE (or XR system capacity) and UE power consumption, it shall be checked by means of simple analytical calculation how this influence on the timing of the HO.
Proposal 4: The coverage can simply be defined as the probability that an XR user is satisfied under low load conditions.
Proposal 5: Rely on the agreed system-level simulation methodology for assessing the XR coverage performance without the need for new link-level performance studies.
Proposal 6: The coverage for the agreed XR scenarios (i.e. Dense Urban, Indoor Hotspot) is defined as the probability of XR user satisfaction under low load conditions with only one UE per cell. Applying the same user satisfaction criteria as used for the Capacity evaluations.
Proposal 7: Companies are encouraged to report the SINR CDF curves/quantiles (e.g., 5%, 50%, and 95%), and/or the average SINR values to facilitate analysis of their individual observations and conclusions.
Proposal 8: Agree on a unified UE power model for the UEs with the Tx power less than 0 dBm.
Proposal 9: Adopt either Option 1 or Option 2 for the UEs with the Tx power less than 0 dBm, as these two give almost identical results (less than 1% difference). Option 2 here may be slightly preferable, as it is simpler in terms of implementation complexity.
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