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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
Several agreements were captured in during the 104-e, as in R1-2101866 [2]. Several of those agreements did, however, include FFS:s or open question to be further addressed at this e-Meeting. In the following we propose clarifications and further development of these agreements, aiming to a comprehensive evaluation methodology.

Satisfied UE definition
The following agreement was made in R1-2101866 [2]:
Agreements: RAN1 adopts a parameterized statistical traffic model for evaluation of XR and CG, and KPI with details as shown below (RAN1 strives to agree on the remaining details during RAN1 #104e, based on SA4 input):
· 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. 
· Other values can be optionally evaluated
· FFS: In addition to the baseline, the following additional method is FFS
· When determining a XR/CG user is satisfied or not, the following factors are considered. FFS how to use those factors.  
· Packet loss information
· Packet delay information
· Some XR/CG source related information if they can be available within RAN, e.g. the mapping between packet and slices or frames and the packet importance
· Multiple data streams traffic model
· FFS if there are multiple streams (if adopted)
· FFS additional aspects not addressed above.
· Note 1: Companies are encouraged to provide details such as parameters (e.g., mean, STD, etc.), distributions, etc., by analyzing SA4 input, e.g., V/S/P traces
· Note 2: All FFS points above are to be further discussed in RAN1 #104e

As discussed in [6], the value of X might affect the system capacity. A high value for the percentage of packets received within the PDB results in a decrease of satisfied UEs per cell.
Table 1 and Table 2 show a summary of our system capacity results for CG in Indoor Hotspot and Dense Urban deployments, respectively. From the results we can see that for some cases the change of X from 95% to 99% has no impact on the results (Table 1). However, in other cases (as in Table 2) such an increase results in losing 1 UEs/cell. A similar effect has been observed also for AR/VR traffic, confirming that higher values of X result in lower system performance.


	
	

	
	


[bookmark: _Ref68106589]Table 1 – System capacity for CG (PDB=15ms) at 30Mbps [#UEs/cell] in an Indoor Hotspot deployment (only for uneven load). See the details in [6].
	
	X=95%
	X=99%

	FR1 (100 MHz)
	2
	2

	FR2 (100 MHz)
	5
	5

	FR2  (200 MHz)
	>10
	>10



[bookmark: _Ref68106598]Table 2 – System capacity for CG (PDB=15ms) at 30Mbps [#UEs/cell] in an Urban Dense deployment. See the details in [6].
	
	X=95%
	X=99%

	
	Uneven Load
	Even Load
	Uneven Load
	Even Load

	FR1
	3
	5
	3
	4

	FR2
	3
	5
	2
	4



Here, X=95% means that, on average, 5 frames out of 100 are lost. For default 60 fps, this results in loosing approximately 3 frames per second, which may challenge QoS of the delivered video [4]. On the contrary, adopting values larger than 99% (i.e., “X = 99.9%”) immediately lead to the necessary of modeling “rare events”, as the simulation set must be sufficiently large to capture 0.01% = 1/(103) losses/delays with sufficient level of accuracy. Therefore, at least 104 … 105 frames need to be generated. With 60 fps this leads to the need of simulating several hundreds of real-time seconds, if not more.
It is also important to point out that the existing terminology is confusing as the SI now has two “X” values in neighboring agreements related to calculating the system capacity. One X value is in Agreement 6 from 103-e [5] as:
Agreement 6: 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

Another “X” values stays in the agreement from 104-e, as above:
“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”
Both of these “X” values are used in processing the simulation results, as one first identifies the UEs that are satisfied (“X” from 104-e) and then applies the “X” from Agreement 6, 103-e to estimate the system capacity.
In order to avoid confusion when obtaining, processing, discussing, and presenting the simulation results, it is suggested to distinguish these two values as different variables, i.e., as “X” and “Y”.
According to the made agreements, the logical order of calculating the system capacity is as follows:
1. Calculate the fraction of packets received within the PDP by a single UE (agreement and threshold from RAN1 104-e). Decide if a particular UE is satisfied or not, based on this calculation.
2. Calculate the system capacity, following Agreement 6 from RAN1 103-e.
Hence, a logical approach is to apply X as the first threshold (UE satisfied/non satisfied) and apply Y as the second one (system capacity in terms of the number of satisfied UEs).
Therefore, we propose:
Proposal 1: For the “A UE is declared a satisfied UE if more than X (%) of packets are successfully transmitted within a given air interface PDB.”, adopt X=99% as a Baseline, while other values are also not precluded.
Proposal 2: Introduce a minor editorial correction into Agreement 6 from 103-e as follows:
Agreement 6: System capacity is defined as the maximum number of users per cell with at least XY % of UEs being satisfied.
· XY=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


DL and UL evaluated together vs. separately
The following agreement was made in R1-2101866 [2]:
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 
· FFS details both the baseline and the optional evaluations

As the agreed traffic models do not have any dependency between the UL and DL traffic generation (e.g., TCP model, etc.), the agreed TDD configurations give sufficient separation between the DL and UL traffic in modelled scenarios. Therefore, for the evaluation of the majority of capacity-centric metrics, the Baseline approach should be sufficient, which may work as follows:
Step 1. DL-only simulations with only DL traffic present. The collected statistics is then converted to estimate the DL capacity – the number of “satisfied UEs” in DL, i.e., 4.
Step 2. UL-only simulations with only UL traffic present. The collected statistics is then converted to estimate the UL capacity – the number of “satisfied UEs” in UL, i.e., 8.
Step 3. Combining the statistics obtained from DL and UL simulations. The system capacity – the number of satisfied UEs in both DL and UL directions can be obtained as system capacity = minimum(DL capacity, UL capacity). In this example, it will be system capacity = min(4, 8) = 4.

Evaluation together can be kept optional for possible further studies, where the presence of bidirectional traffic makes a difference (i.e., UE power consumption evaluations).
Therefore, we propose:
Proposal 3: Adopt the proposed 3-steps procedure, as detailed above, for the detailed description of the Baseline evaluation approach.

Slot format
The following agreement was made in R1-2101866 [2]:
[bookmark: _Hlk68626659]Agreement: adopt following update for TDD configuration for XR/CG evaluation
· FR1:
· Option 1: DDDSU
· Option 2: DDDUU
· FR2:
· Option 1: DDDSU
· Option 2: DDDUU
Detailed S slot format is 10D:2F:2U. Other S slot format(s) can also be optionally evaluated.
Further clarify that for option 2 for FR1/FR2, there is [2]-symbol gap at the end of third “D” slot of  DDDUU.
FFS whether or not to differentiate the two options (e.g., mandatory vs. optional)
There is already a rich diversity of possible deployment configurations (gNB and UE antenna configurations, frequency ranges, bandwidth allocations, etc.), it may be desired for companies to apply unified slot format for a given XR use case.
Following the agreed traffic models, the majority of the XR use cases are DL-heavy. With this in mind and recalling that “DDDSU” is a typical configuration adopted in many practical implementations and deployments, the easiest option here is to select DDDSU option as mandatory, while the DDDUU can be optionally used for selected UL-heavy scenarios (a subset of use cases, such as AR/VR “conversational”).
Therefore, we propose:
Proposal 4: Downselect between the two options for TDD configuration for XR/CG evaluation. Identify one mandatory option for each of the simulated scenario, to facilitate the results comparison among companies.
Proposal 5: As the majority of XR use cases are DL-heavy, define DDDSU as mandatory. DDDUU can be optionally used for the UL-heavy XR use cases.

Baseline UE power saving scheme for evaluations
The following agreement was made in R1-2101866 [2]:
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 for other cases, e.g.
· Genie: UE power consumption assuming that UE is in a sleep state (e.g., micro/light/deep sleep as defined in TR38.840) whenever there is neither DL data reception nor UL transmission. From the gNB scheduling perspective, UE is always available for scheduling, i.e., there is no difference from Baseline in gNB scheduling and corresponding UE Tx/Rx. It is noted that Genie is not a power saving scheme but the result may serve as an upper bound of power saving gain of power saving techniques, which may potentially motivate development of new power saving techniques that can approach the Genie performance.
· R15/16/17 power saving techniques for connected mode, e.g., BWP, PDCCH skipping, search space switching, etc.
We strongly prefer having a single “baseline” configuration here, which has already been agreed during the previous meeting (Case 1). Regarding Case 2, we believe it should stay optional and can be reported by companies, if they are willing to do so. It is important to note that keeping Case 2 optional does not prevent the companies to compare the advanced power saving schemes to the corresponding results for Case 2.
Meanwhile, having Case 2 as a baseline leads to numerous difficulties, as: (i) there will be two baseline values, that notably complicates the comparsison of the results reported by companies; (ii) there are many possible CDRX configurations, so it will take substantial time resources to debate and agree on the one to be used as a baseline that can be adopted by all the companies.
Therefore, we propose:
Proposal 6: Keep Case 2 as optional for the UE power saving schemes evaluation.

UE Tx power model
The following agreement was made in R1-2101866 [2]:
Agreements
For UL UE power consumption evaluation for UE with transmit power X [0,23] dBm, adopt the following 
· Option 1 (Baseline): 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
· Companies to provide detailed assumptions on UE power consumption for Tx power values other than 0 and 23 dBm 
· E.g. Power number is given as A for X= [0, 20)dBm and B for X =[20, 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.
· Option 2 (FFS mandatory or optional): Linear interpolation method in linear scale for Tx power values other than 0 dBm and 23 dBm 
· FFS whether or not to differentiate the two options (e.g., mandatory vs. optional)
· FFS whether or not to consider UE with transmit power less than 0 dBm


There is already a rich diversity of possible deployment configurations (gNB and UE antenna configurations, frequency ranges, bandwidth allocations, etc.), it may be desired for companies to apply unified UE power model. Moreover, it is important to note that having different UE power models when reporting the UE power consumption gains with different schemes may prevent a fair comparison of the results, as this model might have a significant implication in certain regimes.
Therefore, we propose:
Proposal 7: Downselect between the two options for the UE power consumption with different Tx power values. Identify one option as mandatory to facilitate the results comparison between companies.
Regarding the individual choice between Option 1 and Option 2, we believe that Option 2 is closer to reality and involves less parameterization. In contrast, Option 1 involves the selection of the transmit power at which the supply power jumps from a low to a high value.
Following Fig. 1, we observe that linear interpolation (in linear scale, resulting in the parabola-style curve in dB scale, as in Fig. 1) gives a sufficiently good approximation for the typical UE power consumption with different Tx power levels. This is also in line with the FL observations presented during the previous meetings.

[image: ]
Figure 1. UE power consumption measurements for different levels of power [3].

Therefore, we propose:
Proposal 8: For UL UE power consumption evaluation for UE with transmit power X [0,23] dBm, adopt Option 2 as a Baseline.
	
UEs random deployment during the simulations
On top of the FFSs identified during the previous meetings, there is also another issue observed when running preliminary simulations: the exact approach how the UEs are deployed in the environment makes a notable difference to the actual performance results.
In [6], we show two possible methods to randomly deploy UEs within the simulation area:
· Uneven load: UEs are randomly dropped in the area according to a uniform distribution. This placement is the easiest to implement is simulation frameworks and may be more realistic in practical deployments.
· Even load: UEs are randomly dropped in the area according to a uniform distribution. If cells have not the same number of connected UEs after cell selection, a subset of UEs is redeployed until all cells have the same number of UEs. This deployment is closer to the definition of Dense Urban in TR 38.913 but less realistic.

In the case of uneven load, some cell gets a higher number of connected UEs than other cells, whereas in the even load all cells get the same number of connected UEs. Figure 2 illustrates the average number of connected UEs (average computed across several simulation drops) for the 21 cells in the Dense Urban (UMa) deployment for 105 UEs with uneven load Fig. 2(a) and even load Fig. 2(b) random placement of UEs, respectively. We can observe that uneven load UE deployment result in a unfair allocation of UEs to the cells. This affects the system capacity: with uneven load the system capacity is lower than the one with even load by 1-2 UEs/cell, which is substantial, if the average system capacity is in the order of 2-5 UEs/cell [6].
Therefore, and considering that the number of satisfied UEs is the baseline UE KPI as per current agreements, we suggest adopting “even load” as the method for deploying UEs for the XR performance evaluation. At the same time, the uneven load deployments may be more practical, as the real UEs are not always distributed equally among the cells. Therefore, this deployment option can be optionally used.
	[image: ]
(a) Uneven load.
	[image: ]
(b) Even load.


[bookmark: _Ref68125083]Figure 2 – Number of connected UEs (average across several simulation drops) for the 21 cells obtained in the Dense Urban deployment for 105 UEs with uneven load and even load random placement of UEs.

Therefore, we propose:
Proposal 9: Adopt the “even load” method for the deployment of UEs within the simulation area as baseline approach. Other deployment like the “uneven load” are optional.

The number of UEs deployed during the simulations

Another issue observed when running the preliminary situations is related to the number of UEs to be deployed when evaluating the system capacity.
A logical approach here to calculate the system capacity – the maximum number of satisfied UEs (per cell or per deployment) is to start with a simulation having 1 UE per cell and then increase the load and model 2UEs/cell, 3UEs/cell until the UEs cannot be served anymore and the system capacity stops growing.
We have adopted this approach in [6], observing that the system capacity in terms of the supported XR devices can be as low as 2 XR UEs per cell (for 100 MHz bandwidth).
In contrary, the default approach in TR 38.913 (Table 6.1.1-1 for indoor hotspot and Table 6.1.2-1 for dense urban) suggests deploying 10 UEs per TRxP at once. The issue with this approach is that typical schedulers distribute the resources among all 10 UEs. However, when the system can support only 2 UEs and the resources are spread among 10 UEs, the system capacity will be zero, as none of the 10 UEs will be satisfied.
Therefore, we suggest clarifying the way how the system capacity simulations are run.
We propose:
Proposal 10: Clarify how to run system capacity simulations. Start with deploying 1 UE/cell and increase the density of UEs (2UEs/cell, 3UEs/cell, etc.) until the network runs out of capacity and the “system capacity” metrics stops growing or even starts degrading.

Conclusion
In this contribution, we discussed the performance evaluation methodology for the XR SI. The following observations have been made:

Proposal 1: For the “A UE is declared a satisfied UE if more than X (%) of packets are successfully transmitted within a given air interface PDB.”, adopt X=99% as a Baseline, while other values are also not precluded.
Proposal 2: Introduce a minor editorial correction into Agreement 6 from 103-e as follows:
Agreement 6: System capacity is defined as the maximum number of users per cell with at least XY % of UEs being satisfied.
· XY=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

Proposal 3: Adopt the proposed 3-steps procedure, as detailed above, for the detailed description of the Baseline evaluation approach.
Proposal 4: Downselect between the two options for TDD configuration for XR/CG evaluation. Identify one mandatory option for each of the simulated scenario, to facilitate the results comparison among companies.
Proposal 5: As the majority of XR use cases are DL-heavy, define DDDSU as mandatory. DDDUU can be optionally used for the UL-heavy XR use cases.
Proposal 6: Keep Case 2 as optional for the UE power saving schemes evaluation.
Proposal 7: Downselect between the two options for the UE power consumption with different Tx power values. Identify one option as mandatory to facilitate the results comparison between companies.
Proposal 8: For UL UE power consumption evaluation for UE with transmit power X [0,23] dBm, adopt Option 2 as a Baseline.
Proposal 9: Adopt the “even load” method for the deployment of UEs within the simulation area as baseline approach. Other deployment like the “uneven load” are optional.
Proposal 10: Clarify how to run system capacity simulations. Start with deploying 1 UE/cell and increase the density of UEs (2UEs/cell, 3UEs/cell, etc.) until the network runs out of capacity and the “system capacity” metrics stops growing or even starts degrading.
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