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Introduction
In RAN1 #103-e, the XR evaluation methodology was extensively discussed over email and a number of preliminary agreements were achieved for further narrowing in RAN1#104-e. This contribution considers aspects for the XR evaluation methodology.


Evaluation methodology
For the deployment scenarios, the following was agreed in RAN1#103-e.

	[bookmark: _Hlk30969040]Agreement:
Adopt the following deployment for XR/CG evaluations
· Indoor hotspot: FR1 and FR2
· Detailed definition of Indoor hotspot refers to TR 38.913.
· Channel model: InH. Detailed definition of InH refers to TR 38.901.
· Dense urban: FR1 and FR2
· Detailed deployment refers to TR 38.913, where single layer with Marco layer is assumed.
· Channel model: UMi. Detailed definition of UMi refers to TR 38.901.
FFS: Whether to prioritize FR1 for evaluation.
Note 1: When selecting the deployment and evaluation assumptions for XR/CG evaluations, it is up to company to evaluate FR1 or FR2 or both for the frequency range.
Note 2: It does not mean that all applications are evaluated for all the deployment scenarios.

Agreement:
Urban Macro can be reported for XR/CG evaluations only for FR1.
· FFS: whether Uma is optional or not
· Following parameters can be assumed.

Agreement:
It is to be further discussed how to prioritize the combinations of deployment scenarios and applications after traffic models for each application are stable.



AR and Cloud Gaming (CG) application typically target both indoor UEs (e.g. head mounted displays or CG) and outdoor UEs (e.g. wearable or CG). Therefore, although VR is typically indoors, both indoor hotspot and dense urban scenarios should be considered. Considering that initial XR deployments are considered for FR1, prioritization of FR1 can apply for evaluations for the Rel-17 SI and that can also result to a substantially more manageable work load. Further, although Uma can reflect actual deployment scenarios, it is considered as less critical than indoor hotspot or dense urban and corresponding evaluations can be kept optional. 

Proposal 1: Prioritize FR1 for evaluations. 

Proposal 2: Uma is optional for evaluations.

In RAN1#103-e it was also discussed whether actual or ideal channel estimation is used. While actual channel estimation can sometimes provide important information for PHY layer design and be captured by LLS, the SLS can consider ideal channel estimation for simplicity and easier calibration. Actual channel estimation is not expected to have a material impact on the conclusions achieving the KPIs and, if needed, depending on the % of UEs for which the KPIs are to be achieved, it can be abstracted by a shift for the lower values of the geometry distribution.

Observation 1: Ideal channel estimation is preferable for SLS calibration. If needed, shifts can apply for corresponding ranges of the geometry CDF (particularly for ones with smaller values).

For the gNB antenna downtilt, the following was agreed in RAN1#103-e.

	Agreement:
For XR/CG evaluation, adopt the following assumptions for downtilt 
·         For XR/CG evaluation, adopt the following assumptions for downtilt
1. Dense Urban
0. FFS: 6 or 12 degree
1. Indoor hotspot
0. 90° (pointing to the ground)
Other downtilt can be optionally evaluated



Both 6 and 12 degrees down-tilts are used in network deployments. The smaller the downtilt, the larger the coverage area and the larger the inter-cell interference. Considering that the FFS is for dense-urban, the 12-degree downtilt option is the more appropriate choice. The 6-degree downtilt option can be considered for Uma.  

Proposal 3: For dense-urban, the gNB antenna down-tilt is 12 degrees.


For the gNB antenna configuration, the following was agreed in RAN1#103-e.

	Agreement:
For outdoor scenarios, the BS antenna parameters are as follows.
1. FFS FR1, 
0. Option 1: 64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8)
0. Option 2: 32 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,2,2,1,1,8,2)
0. Option 3: 32TxRUs (M, N, P, Mg, Ng; Mp, Np) = (4,4,2,1,1,4,4)
(dH, dV) = (0.5λ, 0.5λ)
1. FR2:
0. 2 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2;1,1)
(dH, dV) = (0.5λ, 0.5λ)
Other configurations can be optionally evaluated.



Option 1 corresponds to advanced base stations with 64 TxRUs and, even though RAN1 specification can be extended for a 64-port CSI-RS, the SLS evaluations should not assume advanced base stations to be predominant in deployments. Option 2 is more realistic for outdoor deployments while Option 3 offers commonality with the agreed antenna parameters for indoor scenario and can facilitate calibration. It is somewhat preferred to use Option 2 as it is more representative of actual deployments. 

Proposal 4: For the gNB antenna configuration in outdoor scenarios, apply 32 TxRU with (M, N, P, Mg, Ng; Mp, Np) = (8,2,2,1,1,8,2).


For the UE antenna configuration, the following was agreed in RAN1#103-e.

	Agreement:
UE antenna parameters for XR/CG evaluations are as follows
1. FR1:
0. Baseline: 2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ
0. Optional: 4T/4R, 1T/2R, 2T2R
1. FFS FR2: down-selection between the next two options. Please indicate if you have preference.
0. Option 1 (Follow Rel-17 evaluation methodology for FeMIMO in R1-2007151)
0. (M, N, P)=(1, 4, 2), 3 panels (left, right, top)
0. (Mp, Np) is up to company. Need to be reported with simulation result.
0. Option 2 (from TR 38.802 – developed in Rel-14)
0. 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°



Considering the XR applicability on wearables and respective requirements in RedCap UEs targeting wearables, the case of 1T/2R should also be considered as baseline for FR1. Although RedCap UEs are not targeting XR, the reasons for the 1T/2R UE antenna configuration (UE size required for decorrelated Tx/Rx antennas, power consumption) are same for wearables supporting XR. As previously mentioned, evaluations for FR2 can be deprioritized but, for completeness, Option 1 can be selected as it reflects current NR standardization. 

Proposal 5: For the UE antenna configuration, consider 1T/2R also as baseline for FR1 and consider Rel-17 evaluation methodology for FeMIMO as baseline for FR2.


For the TDD UL-DL configuration, the following was agreed in RAN1#103-e.

	Agreement:
Adopt the following TDD configuration for XR/CG evaluation
· FR1:
· Option 1: DDDSU
· Option 2: DDDUU
· FR2:
· Option 1: DDDSU
FFS detailed S slot format
Note: Other TDD configuration or FDD can be optionally evaluated.



As previously discussed, evaluations can prioritize FR1. Further, to avoid unnecessary complexity and additional discussions, particularly considering that any particular conclusion on the S slot format is likely to have ad-hoc aspects to it, option 2 is preferable. Further, an important consideration in determining conditions/mechanisms for meeting data rate/latency KPIs is the availability of DL resources and UL resources (including for HARQ-ACK, CSI report, or SRS) at any given time. There is ongoing work in Rel-17 URLLC to support carrier switching with at least partially complementary TDD UL-DL configurations in order to minimize a latency of HARQ-ACK reports and such aspects can also be optionally considered.  

Proposal 6: Use DDDUU as the UL-DL TDD configuration. Optionally consider switching on carriers wit different UL-DL TDD configurations when determining the data rate and latency KPIs. 


For the system bandwidth, the following was agreed in RAN1#103-e.

	Agreement:
System bandwidth for XR/CG evaluations are as follows.
1. For FR1,
0. Baseline: 100 MHz
0. Optional: 20/40 MHz (FFS: 200 MHz)
1. FFS FR2



For FR1, 200 MHz is intended for CA since the maximum UE bandwidth per carrier is 100 MHz. Although use of CA can facilitate meeting the data rate/latency KPIs, it can also be done with 20/40 MHz per cell that also represents a more realistic deployment scenario in FR1. For FR2, a UE supports 400 MHz as a mandatory feature and that can be a corresponding system BW for FR2 (can be defined for evaluations although it is preferred to deprioritize FR2).

Observation 2: For FR1, there is no need to consider 200 MHz for system BW; however, CA over cells with 20/40 MHz BW can be considered.

Proposal 7: Support 400 MHz as the system BW for FR2. 


KPIs
The following definition for system capacity was agreed in RAN1#103-e.

	Agreement:
System capacity is defined as the maximum number of users per cell with at least X % of UEs being satisfied.
1. X=90 (baseline) or 95 (optional)
1. 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



Regarding the % of “satisfied” UEs, the agreed values are appropriate and sufficient, at least for initial evaluations. A UE is “satisfied” is it can achieve a target data rate within a latency bound for a corresponding application.

Observation 3: System capacity for a XR application corresponds to a % of UEs for which a target data rate with a latency bound for the XR application is achieved.

LLS can provide BLER/PER curves as a function of the data packet size and the SINR and SLS can be used to determine a system capacity for a target data rate. The latency budget corresponds to the PDB for DL or UL packets, including HARQ-ACK report and retransmissions [1]. Same definitions were used in URLLC [2] and remain applicable for XR. Both DL and UL need to be considered when evaluating system capacity (separate SLS as in URLLC in order to limit complexity). Spectral efficiency can be additionally considered.

Observation 4: XR can re-use the definitions for system capacity and % of satisfied UEs used in URLLC.

An additional KPI that was extensively discussed in RAN1#103-e is UE power consumption. Undoubtedly, power consumption for UEs associated with XR applications is typically more important than for smartphones. However, before proceeding on UE power consumption for XR, aspects that are unique to XR and have not been considered by or do not apply for the Rel-16/Rel-17 WIs on UE power savings (PS) need to first be identified. For example, such aspects can be the inability to reduce PDCCH monitoring periodicity, or to defer PDSCH scheduling to a next slot, to avoid decreasing the latency budget. Another issue is whether restrictions associated with mechanisms for UE PS have an impact on system capacity (% of “satisfied” UEs) but that is rather secondary for the evaluations and, if necessary, can be addressed once the baseline evaluations are done and once considered mechanisms for XR-specific UE PS are concluded. 
 
Proposal 8: The need and identification of XR-specific UE power savings mechanisms is part of the XR SI. 


Another KPI is the PDCCH blocking probability, both for span-based PDCCH monitoring and for slot-based PDCCH monitoring. The PDCCH blocking probability was not a major concern for eMBB in Rel-15 because, for a relatively small number of scheduled UEs per slot, it is typically smaller than or equal to an order of magnitude as the PDCCH BLER and, when blocking occurred, it was not too detrimental because the UE could be scheduled in a next slot as eMBB latency can tolerate delay of several slots. None of those conditions hold for XR (or for URLLC). Depending on a number of UEs that need to be scheduled in a slot and on a corresponding distribution of CCE ALs, PDCCH blocking can often be several orders of magnitude larger than the target PDCCH BLER (TBD for XR) and scheduling cannot be deferred in next slots as it affects the latency budget. 

Proposal 9: PDCCH blocking is part of the XR SI in the evaluation of the latency KPI.


Another KPI is the support of relatively large packet sizes with CG-PUSCH transmissions in order to meet latency requirements. For small data packets, such as ones considered in Rel-16 URLLC, and few UEs per BWP, relying on CG-PUSCH transmissions is generally feasible as a percentage of resources that need to be reserved can be relatively small and the underlying assumption was also that the data packet size was invariable. Those assumptions do not hold for XR applications as neither the data packets/data rates are typically small nor is the data packet size constant (e.g. as video traffic for gaming or interactive applications) and a CG-PUSCH based approach can lead to small capacity and a significantly reduced throughput for eMBB UEs. 

Proposal 10: Support of CG-PUSCH with large data packets of variable size is part of the XR SI.


A deployment consideration is for meeting latency targets in TDD. For example, for cloud gaming and assuming a latency target of ~10 msec from the UE to/from the server, the latency budget at the physical layer may not exceed 2 msec. For typical TDD configurations, such as 4/1 for DL/UL, such latency budget cannot be met. Rel-16 provides, and Rel-17 is expected to provide, a set of tools to address such latency issues including CA with complementary UL-DL TDD configurations, cross-carrier scheduling on the PCell by DSS, HARQ-ACK disabling, and so on. RAN1 should further consider designs and associated tradeoffs for meeting XR latency targets in TDD.

Proposal 11: Identify solutions to achieve XR latency targets in TDD.


The main KPI for satisfying latency and reliability requirements will be limited by the 5%-10% of the UEs with the smallest geometries. LTE support inter-cell interference coordination (ICIC) to enhance the geometry of cell edge UEs at the expense of average spectral efficiency. A robust and future-proof design for XR should enable a network to apply ICIC, for example depending on the relative XR traffic requirements or the UE distribution. In general, for URLLC applications, ICIC can be a key enabler in meeting reliability and latency KPIs.

Proposal 12: Study support of ICIC in achieving the latency and reliability requirements for XR.

Mobility support can also be considered as a KPI and DAPS and HST designs can provide a starting point. However, as the focus of the Rel-17 SI is on indoor and dense urban scenarios where UE mobility is limited, consideration for mobility support can be deprioritized particularly for FR1.    

Observation 5: Study on mobility support for XR can be deprioritized in the Rel-17 SI as focus is on indoor and dense urban scenarios.


Conclusions
This contribution considered the evaluation methodology and KPIs for the XR SI and proposes the following.

Proposal 1: Prioritize FR1 for evaluations. 

Proposal 2: Uma is optional for evaluations.

Proposal 3: For dense-urban, the gNB antenna down-tilt is 12 degrees.

Proposal 4: For the gNB antenna configuration in outdoor scenarios, apply 32 TxRU with (M, N, P, Mg, Ng; Mp, Np) = (8,2,2,1,1,8,2).

Proposal 5: For the UE antenna configuration, consider 1T/2R also as baseline for FR1 and consider Rel-17 evaluation methodology for FeMIMO as baseline for FR2.

Proposal 6: Use DDDUU as the UL-DL TDD configuration. Optionally consider switching on carriers wit different UL-DL TDD configurations when determining the data rate and latency KPIs. 

Proposal 7: Support 400 MHz as the system BW for FR2. 

Proposal 8: The need and identification of XR-specific UE power savings mechanisms is part of the XR SI. 

Proposal 9: PDCCH blocking is part of the XR SI in the evaluation of the latency KPI.

Proposal 10: Support of CG-PUSCH with large data packets of variable size is part of the XR SI.

Proposal 11: Identify solutions to achieve XR latency targets in TDD.

Proposal 12: Study support of ICIC in achieving the latency and reliability requirements for XR.


In addition, the following are observed. 

Observation 1: Ideal channel estimation is preferable for SLS calibration. If needed, shifts can apply for corresponding ranges of the geometry CDF (particularly for ones with smaller values).

Observation 2: For FR1, there is no need to consider 200 MHz for system BW; however, CA over cells with 20/40 MHz BW can be considered.

Observation 3: System capacity for a XR application corresponds to a % of UEs for which a target data rate with a latency bound for the XR application is achieved.

Observation 4: XR can re-use the definitions for system capacity and % of satisfied UEs used in URLLC.

Observation 5: Study on mobility support for XR can be deprioritized in the Rel-17 SI as focus is on indoor and dense urban scenarios.
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