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Introduction

In RAN1#104b-e substantial progress has been achieved in terms of evaluation methodology for capacity and power savings evaluation KPIs as shown below. In this contribution we focus on Mobility KPI primarily that has not received much attention so far.

	Agreement: 
Case 2, i.e. CDRX, is optionally evaluated for UE power consumption evaluation
Agreement:
For XR power consumption evaluation, CDRX parameters are reported by companies
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 step-wise linear average of UE power model
· FFS: Further clarifications on linear interpolation method in linear scale considering step-wise 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

Agreement: 
For XR/CG capacity evaluation, when DL and UL performances are evaluated independently, the system capacity for DL capacity and UL capacity are reported respectively. 
· FFS whether/how to determine the joint capacity for DL and UL after companies have submitted evaluation results
Conclusion:
It is up to companies to choose either Option 1 (DDDSU) or Option 2 (DDDUU) for TDD configuration (as per previous agreements) and do the evaluation. 
Agreement:
It is up to each company to report the following performance metrics optionally
· Percentage of satisfied UEs
· CDF of packet error ratio 
· CDF of packet latency
· CDF of user-perceived throughput
· Resource utilization
Note: it does not mean all the optional performance metrics will be captured in the TR. How to use these optional reported metrics and whether to capture in the TR can be separate discussion after there are substantial evaluation results.
Agreement: 
For XR power evaluation (including baseline and power saving schemes), companies report both Option 1 and Option 2 results for evaluating the power saving gain.
· Option 1: all UEs are considered
· Option 2: satisfied UEs only are considered

Agreement: 
For XR/CG power consumption evaluation, for DL and UL,
· Option 1: DL and UL performances are evaluated independently. DL and UL power consumption results are collected separately.
· Option 3: DL and UL performances are evaluated together. DL and UL power consumption are counted to obtain the total power consumption
· Companies to report the assumptions for power consumption evaluation

Agreement: 
For XR UE power consumption evaluation
· The same number of UE per cell are used in baseline and power saving schemes, 
· Note: the number of satisfied UEs is reported in the power evaluations (already agreed in RAN1 #104-e).
· Max users/cell at which UE can meet the capacity KPI should be reported for baseline and for different UE PS techniques. 
· Results for other cases (e.g. power savings gain for lightly loaded case) can also be reported optionally.
· The system capacity for each case (e.g. a given number of UE per cell) for evaluating power saving schemes is reported in power evaluation

Conclusion: 
It is up to company to report either equal number of UEs per cell or unequal number of UEs per cell is assumed for capacity evaluation. 
· Note: unequal number of UEs per cell means even average load per cell.

Agreement:
For XR/CG capacity evaluation, a packet is considered as lost when it has exceeded the PDB, such that it will be added to the PER and the data of the packet is discarded.
· It is up to company to report the details for the packet when it has exceeded the PDB, e.g.
· Option 1: The packet exceeding the delay is still delivered to the other side
· Option 2: The packet (including the non-transmitted part) is discarded at the transmitter (at the gNB for DL packets and at the UE for UL packets)
· Other options are not precluded
Note: This is for the purpose of evaluation


Mobility
Evaluation methodology
In Release-17 NR feMIMO WI, system level mobility evaluation assumptions were agreed in [8]. Two types of mobility evaluations were considered i.e., intra-cell mobility where the UE moves within a given cell; and inter-cell mobility, where the UE can cross the cell boundary triggering a handover. Assumptions for modelling inter-cell handover at a system level were also agreed in [8]. The assumptions are summarized in the following tables
Baseline assumptions for SLS: Intra-cell mobility scenarios
	Parameters
	Values

	Scenarios
	High speed @FR2:
· Dense Urban (macro-layer only, TR 38.913) @FR2, 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per site), 100% outdoor
· One UE is dropped for each of the 21 sectors/cells (see mobility description below)

	UE Speed
	For Dense Urban:  60 km/hr and 120 km/hr  

	UE Mobility and trajectory handling 
	Linear trajectory, intra-cell mobility (constrained within one cell)
· Trajectory sampling at most spaced by decorrelation distance
Dense Urban:




For each of the 21 cells: One UE is dropped as follows: For the upper right sector/cell (can be extended analogously to the upper left and lower sectors/cells, see Appendix B) with d=30m, the UE starts at P and moves along the 120-deg line downward to Q

Each sector is a cell and that the cell association for intra-cell mobility is geographic and not RSRP based.
Note: Optionally, if for some reason a company would like to simulate only one cell/sector, the company should clearly state this in the contribution, including the assumed interference model.

	UE and panel orientation
	Companies will describe the assumed UE and panel orientation relative to the direction of the trajectory

Note: When the UE orientation is deemed fixed
· For dense urban, the three panels located facing the right, left and to the front of the direction of motion tend to result in maximum signal reception.



Baseline assumptions for SLS: Inter-cell mobility scenarios
	Parameters
	Values

	Scenarios
	High speed @FR2:
· Dense Urban (macro-layer only, TR 38.913) @FR2, 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per site), 100% outdoor
· One UE is dropped on the entire network of 21-cell/sector topography (see mobility description below) 

	UE Mobility and trajectory handling 
	Linear trajectory, inter-cell mobility 
· Trajectory sampling at most spaced by decorrelation distance
Dense Urban:



Here X (in meter) is a uniformly distributed random variable U[26,34]. One UE is dropped and starts at P and moves along the 120-deg line downward to Q.

Each sector is a cell and that the cell association for inter-cell mobility is L1-RSRP based.

Inter-cell interference is modeled by assuming the transmission of random beams with random precoders (assuming Type I codebook) from the non-associated cells.

Note: Optionally, if for some reason a company would like to simulate only a portion of the trajectory with at least one cell boundary crossing, the company should clearly state this in the contribution.

	UE and panel orientation
	Just as for intra-cell mobility, companies will describe the assumed UE and panel orientation relative to the direction of the trajectory.
Note: When the UE orientation is deemed fixed 
· For dense urban, the three panels located facing the right, left and to the front of the direction of motion tend to result in maximum signal reception.

	Modeling for Rel.15 L3-based handover (HO)
	Handover (HO) timeline can be summarized as follows:
1. The UE detects that a target becomes better than source, with an additional offset from the HO margin (e.g. 3dB)
1. After U[1.0s,1.5s], the UE stops communicating with source
1. After another 80ms interruption, the UE starts communicating with target. It is assumed that the best TX/RX beam is used at this point.
The HO latency (the time measured from the initiation and completion of the UE association with the new destination cell) is modeled as a uniformly distributed random variable of U[1.0 sec,1.5 sec]. That is, when the L1-RSRP for the target cell is larger than the L1-RSRP for the source cell by the HO margin (e.g. 3 dB), handover is initiated. Handover to the target cell is completed after HO latency.
· To aid comparison, companies should state the assumed HO margin.

Additional elements such as potential RLF due to hysteresis, additional latency due to potential ping-pong effect, additional latency due to DRX assumption (as opposed to non-DRX assumed above)  –if added by companies– need to be described and justified in the contribution.



The mobility evaluation assumptions can be adopted from the above tables. Mobility events and their impact on XR performance can be further evaluated. For intra-cell mobility, the MIMO model can be updated to include multiple UEs moving in straight line trajectories and MU-MIMO performance under such mobility can be evaluated. For inter-cell case, the handover modelling can be further refined and the impact of such handovers to XR KPIs can be considered.
Proposal-1: For impact of mobility events on XR performance, the L1-mobility EVM from Release-17 MIMO can be adopted as a baseline.
Key performance indicators
The KPIs specified in NR MIMO [6] can be considered in addition to the capacity evaluation KPIs
	Performance metrics
	· CDF of UE throughput, avg. and 5% UE throughput
· TCI state update (beam indication) signaling overhead (separate analysis from SLS)
· Beam switching latency (only for FR2)
· RSRP distribution 



[bookmark: _Hlk61893608]Proposal-2: Consider defining the following KPIs for mobility evaluations:
· KPIs for capacity evaluation 
· RSRP Distribution
· Beam Switching latency (FR2)
Conclusions
In this paper, EVM for NR XR study was discussed and the following proposals were made:
· Proposal-1: For impact of mobility events on XR performance, the L1-mobility EVM from Release-17 MIMO can be adopted as a baseline.
· Proposal-2: Consider defining the following KPIs for mobility evaluations:
· KPIs for capacity evaluation 
· RSRP Distribution
· Beam Switching latency (FR2)
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