


3GPP TSG RAN WG1 #104bis-e                                                                  	         R1-2103055
e-Meeting, April 12th – 20th, 2021

Agenda Item:	8.14.2
Source: 	Intel Corporation
Title:	On evaluation methodology for XR
Document for: 	Discussion/Decision	
Introduction
In this contribution we provide our views on the evaluation methodology and KPIs for capacity, UE power saving and mobility aspects for XR SID.
Capacity
Evaluation methodology
In terms of capacity evaluation, most of the agreeable parameters have been raised in RAN1#103-e and RAN1 and the agreements are summarized here:

	 Parameter 
	Proposed value 

	
	Indoor hotspot FR1/FR2 
	Dense urban FR1/FR2 

	Layout 
	120m x 50m 
ISD: 20m 
TRP numbers: 12 
	21cells with wraparound 
ISD: 200m 

	UE distribution 
	  
	FR1 : 80% indoor, 20% outdoor 
FR2 : 100% outdoor 

	Carrier frequency 
	FR1: 4 GHz 
FR2: 30 GHz 

	Subcarrier spacing 
	FR1: 30 kHz 
FR2: 120 kHz 

	BS height 
	3m 
	25m 

	UE height 
	hUT = 3(nfl – 1) + 1.5
Outdoor UEs: nfl = 1
Indoor UEs: nfl ~ uniform(1,N) with N ~ uniform(4,8)

	BS noise figure 
	FR1: 5 dB 
FR2: 7 dB 

	UE noise figure 
	FR1: 9 dB 
FR2: 13 dB 

	BS receiver 
	MMSE-IRC 

	UE receiver 
	MMSE-IRC 

	Channel estimation 
	Realistic 
Ideal (optional) 

	UE speed 
	3 km/h 

	MCS 
	Up to 256QAM 

	BS antenna pattern 
	Ceiling-mount antenna radiation pattern, 5 dBi 
	3-sector antenna radiation pattern, 8 dBi 

	BS Antenna parameters 
	FR1 : 32TxRU,(M, N, P, Mg, Ng; Mp, Np) = (4,4,2,1,1;4,4), (dH,dV) = (0.5, 0.5)λ 
FR2 : 2TxRU,(M, N, P, Mg, Ng; Mp, Np) = (16,8,2,1,1;4,4), (dH,dV) = (0.5, 0.5)λ 
	FR1 : 
 •            Option 1: 64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8) 
•             Option 2: 32 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,2,2,1,1,8,2) 

FR2 : 2 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2;1,1), (dH,dV) = (0.5, 0.5)λ 
  

	BS Tx Power 
	FR1 : 24dBm per 20 MHz 
FR2 : 23dBm per 80MHz 
	FR1: 44dBm per 20 MHz 
FR2 : 40dBm per 80MHz 

	UE antenna pattern 
	FR1: Omni-directional, 0 dBi, 
FR2: UE antenna radiation pattern model 1, 5dBi 

	UE Antenna parameters 
	FR1 : Baseline: 2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ 
FR1 : Optional : 4T/4R, 1T/2R, 2T2R 
FR2 : FFS (downselect) 
FR2: Opt1 : (M,N,P)=(1,4,2), 3 panels (left, right,top), (Mp,Np) upto company 
FR2 : Opt2 : 4Tx/4Rx : (M, N, P, Mg, Ng; Mp, Np) = (2,4,2,1,2;1,2), (dH,dV) = (0.5, 0.5)λ 

	UE max Tx power 
	FR1 : 23dBM 
FR2 : 23dBm (max EIRP 43dBm) 

	Downtilt 
	90 degrees (pointing to ground) 
	12 degree 

	TDD configuration 
	FR1/FR2: Opt1: DDDSU, Opt2: DDDUU 

	System BW 
	FR1 : Baseline-100MHz, Optional - 20/40MHZ, 2*100MHZ
FR2:Option 1 – 100MHz; Option 2 – 400MHz  

	Power Control Param 
	Companies to report 

	Transmission Scheme 
	Companies to report  

	Scheduler 
	SU/MU-Mimo PF Scheduler (Company to report SU or MU) 
Other scheduler up to company 

	CSI acquisition 
	Realistic  
Both CSI feedback and SRS are considered 
Companies should report CSI feedback delay, CSI report periodicity, whether using CSI quantization, CSI error model or not, 
 Assumptions on SRS: periodicity, processing gain, processing delay, etc  

	PHY Processing delay 
	Baseline: UE PDSCH processing capability #1 
Optional : UE PDSCH processing capability #2 
Companies to report processing delay 

	PDCCH overhead, DMRS overhead, Target BLER, Max HARQ transmission 
	Companies to report  



Key performance indicators

KPI for capacity evaluation comprises of the following:
Average data-rate requirement 
Media traffic in XR has wide variations depending on the particular use-case. In the uplink pose and controller information can be implemented in aperiodic manner as well. Media traffic can also be encoded with adaptive bit-rate encoders. For simplicity of modeling in RAN1, particularly for short time durations, average bit-rate (averaged over simulation time) can be a requirement and a key performance indicator. If we consider simple (no memory) statistical traffic models (similar to FTP Models 1-3) it is analogous to average file-size times arrival rate.

Packet delay statistics and Packet delay budget (PDB)
Packet delay can be defined roughly as the time interval between packet arrival at L1 at the transmitter to successful reception at the receiver including HARQ re-transmissions (if any). Various components of packet delay includes processing time at the transmitter, PDCCH alignment delay, processing time at the receiver, alignment delay for ACK/NACK etc. as studied in [1].  Packet delay budget or air-interface latency can be defined as the maximum packet delay (for each and every packet) that can be tolerated for the given service. Consequently, packet delay statistics for a given UE may not be averaged over simulation time.

[image: ]
Figure 1: definition of packet delay
Average packet error rate (PER) statistics and reliability requirement
Average packet error rate (PER) can be defined as the ratio of packets that are not received successfully at the receiver within the PDB – such a ratio can be determined by considering the entire simulation time for each UE. Reliability requirement translates to a threshold for maximum PER.
User satisfaction ratio
The fraction of active UEs in a cell that can satisfy an average bit-rate requirement, an average PER requirement and a PDB - all at the same time can be considered as the user satisfaction ratio for capacity evaluations.

[bookmark: _Hlk61892427][bookmark: _Hlk61893421]Proposal-1: Consider defining the following KPIs for capacity evaluations:
· Average data-rate requirement
· Packet delay statistics and Packet delay budget (PDB)
· Average packet error rate (PER) statistics and reliability requirement
· User satisfaction ratio
Power
Evaluation methodology
UE power savings mechanisms were studied for connected mode UEs in Release 16 NR [6]. As a part of the study a detailed system level evaluation methodology was adopted where a UE power consumption model was agreed for smartphone devices operating in FR1 and FR2. Based on the UE power consumption model, RAN1 evaluated UE power saving gains using a baseline assumption for C-DRX for different traffic models namely FTP Model 3, Web-browsing, video streaming, instant messaging, VoIP, gaming and background app sync. Different eMBB deployment scenarios were also considered e.g., Dense Urban, Indoor Hotspot and Rural Macro. 
An example of the UE power consumption model is shown in the following table.
UE power consumption model for FR1
	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300 

	UL
	Long PUCCH or PUSCH. 
	250 (0 dBm)
700 (23 dBm)



As can be observed, the power consumption model is defined in terms of relative power and based on the state of UE in every slot. For the SLS evaluation a value from the table above can be chosen to represent the power consumption in a given slot. At the end of the evaluation, the total consumed power by each UE can be evaluated across the simulated subframes. However, the values in [6] are relevant to smartphone class devices and would need to be updated to match the assumptions for a wearable device using NR XR. Using the current tables without modification may lead inaccurate evaluation of power saving gains for XR use cases.
Proposal-2: Update UE power consumption model from Rel-16 UE power saving study [6] to reflect NR XR device use cases. 
Additionally, most of the traffic models used in [6] are derived from [7] which are possibly outdated with respect to traffic types relevant to XR. Therefore, updated traffic models under discussion in NR XR should be adopted. To this end, it may be necessary to re-define the baseline C-DRX assumptions to evaluate power savings. 
Proposal-3: Use new XR traffic models and define related baseline C-DRX parameters for UE power saving evaluations.
The following agreement was reached for power saving evaluation in RAN1#104-e:
	Agreements To facilitate further discussion on evaluation of power saving effect of different power saving schemes, the following references are defined.
1. Case 1 (baseline): UE power consumption assuming UE is always ON, i.e., UE is always available for gNB scheduling.
1. Case 2 (FFS optional or baseline): UE power consumption assuming Rel-15/16 CDRX configuration
1. FFS CDRX configuration details
1. Company can also optionally evaluate for other cases, e.g.
2. 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.
2. R15/16/17 power saving techniques for connected mode, e.g., BWP, PDCCH skipping, search space switching, etc.



With respect to the FFS point for Case 2, it should be noted that C-DRX based methods provide baseline power saving gains with respect to case 1 and if additional power saving techniques are optionally evaluated, C-DRX should be considered as a baseline to understand the potential gains. 
[bookmark: _Hlk68628159]Proposal-4: UE power consumptions assuming CDRX configuration should be part of baseline evaluation assumptions
The CDRX configuration selection should be carefully done with respect to the XR traffic modelling assumptions. In a traffic model setting like FTP model 3 or model 1 or simple period file arrival, the CDRX cycle can be aligned to the inter-arrival time of the packets.

Figure 2: Statistical Traffic model for a single DL video steam for a UE
However, for more complicated models, CDRX should be carefully designed. Although RAN1 has adopted a simplified traffic modelling approach as in Figure1, just considering such single packet arrivals is not accurate as shown in our analysis of the video traffic traces from SA4 [8]. 
	[image: ]
Figure 3: # of packets vs frame-size scatter plot for 1500 byte max packet size
	[image: ]
Figure 4: burst-length (ms) vs frame-size scatter plot for 1500 byte max packet size



[image: ]
Figure 5: burst-length (ms) vs frame-size scatter plot for unlimited packet size configurations
The figures show the number of packets and burst length as a function of the frame size from the SA4 traces and we see that there is significant variability in the burst length and the number of packets per video frame which a single IP packet based model cannot capture. Additionally, if the baseline CDRX parameters are tuned to the agreed model, then there will be a significant chance of overestimating UE power saving gains derived from such configurations which will not reflect real network operation. Therefore, the baseline CDRX configuration should take into account the trace-based traffic model rather than the simplified RAN1 assumption.
Proposal-5: Baseline CDRX parameters for UE power saving evaluations should be dictated by trace-based traffic model leveraging the SA4 work for RAN1 XR simulations. 
Another open topic from evaluation assumptions is whether all UEs or only “satisfied UEs” should be included for obtaining PS gains. To our understanding PS gains should be a reported metric for any evaluation and such access control based on some definition of “satisfied UEs” should not be mandated. The gains should be evaluated and reported across all UEs in the system to get an accurate understanding of system performance
Proposal-6: All UEs should be included for obtaining Power Saving gain for NR XR simulations.
Key performance indicators
The KPIs for evaluation comprises of the following:
UE Power Saving Gain 
The percentage of power consumption reduction of the proposed power saving scheme from the baseline scheme
System Performance
The system performance parameters should be similar to the KPIs introduced for Capacity evaluation. For a given power saving scheme, the KPIs for capacity evaluation should be considered as a trade-off for power saving gain. 
[bookmark: _Hlk61893575]Proposal-7: Consider defining the following KPIs for power consumption evaluations:
· Power saving gain compared to a baseline scheme
· KPIs for capacity evaluation for a power saving scheme
To enable consistent evaluations, initial calibration may be performed among interested companies based on a set of agreed evaluation assumptions including power consumption model and C-DRX settings. 
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-8: 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-9: 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:
· [bookmark: _Hlk61893471]Proposal-1: Consider defining the following KPIs for capacity evaluations:
· Average data-rate requirement
· Packet delay statistics and Packet delay budget (PDB)
· Average packet error rate (PER) statistics and reliability requirement
· User satisfaction ratio
· Proposal-2: Update UE power consumption model from Rel-16 UE power saving study [6] to reflect NR XR device use cases.
· Proposal-3: Use new XR traffic models and define related baseline C-DRX parameters for UE power saving evaluations.
· Proposal-4: UE power consumptions assuming CDRX configuration should be part of baseline evaluation assumptions
· Proposal-5: Baseline CDRX parameters for UE power saving evaluations should be dictated by trace-based traffic model leveraging the SA4 work for RAN1 XR simulations.
· Proposal-6: All UEs should be included for obtaining Power Saving gain for NR XR simulations.
· Proposal-7: Consider defining the following KPIs for power consumption evaluations:
· Power saving gain compared to a baseline scheme
· KPIs for capacity evaluation for a power saving scheme
· Proposal-8: For impact of mobility events on XR performance, the L1-mobility EVM from Release-17 MIMO can be adopted as a baseline.
· Proposal-9: Consider defining the following KPIs for mobility evaluations:
· KPIs for capacity evaluation 
· RSRP Distribution
· Beam Switching latency (FR2)






[bookmark: _References]References

	[1] 
	3GPP RAN1, "TR 38.824, Study on physical layer enhancements for NR ultra-reliable and low latency case (URLLC)," 27 03 2019. [Online]. 

	[2] 
	Qualcomm, "S4-201399, FS_XR Traffic: Permanent document v0.3.1," [Online]. 

	[3] 
	3GPP SA4, "TR 22.842, Study on Network Controlled Interactive Service (NCIS) in the 5G System (5GS)," 20 12 2019. [Online]. 

	[4] 
	3GPP SA4, "TR 22.925, Quality of Service (QoS) and network performance 3.1.1," 23 04 1999. [Online]. 

	[5]
[6]
[7]

[8]
[9]  
	3GPP SA4, "TR26.928, Extended Reality (XR) in 5G 16.1.0," 23 12 2020. [Online].
 3GPP RAN1 TR 38.840, " Study on User Equipment (UE) power saving in NR (Release 16)"
R1-070674, "LTE Physical Layer framework for performance verification", RAN WG1 #48, February 2007, St. Louis, MI, USA. 
R1-2101765, LS to on XR-Traffic Models, SA4
R1-2007151, "Moderator Summary for multi-beam enhancement: EVM", Moderator (Samsung), RAN1 WG1 #102-e, August 2020











image1.png
Delay

Delay
UE1]
(E (UE2)
NB
. time
UE1
cell-center time
UE2
cell-edge time





image2.png
Packet size follows a probability distribution
Jitter follows a probability distribution

1/fps on average

packet k (representing IP packets packet k+7 (representing IP packets
belonging to video frame ) belonging to video frame  #7)




image3.emf
10 20 30 40 50 60 70 80 90 100 110

framesize(Kbytes)

10

20

30

40

50

60

70

80

#

 

o

f

 

p

a

c

k

e

t

s

/

b

u

r

s

t

VR2-1

VR2-3

VR2-5

VR2-7


image4.emf
10 20 30 40 50 60 70 80 90 100 110

framesize(Kbytes)

2

4

6

8

10

12

14

16

18

20

B

u

r

s

t

L

e

n

g

t

h

(

m

s

)

VR2-1

VR2-3

VR2-5

VR2-7


image5.emf
20 30 40 50 60 70 80 90 100 110

framesize(Kbytes)

2

4

6

8

10

12

14

B

u

r

s

t

L

e

n

g

t

h

(

m

s

)

VR2-2

VR2-4

VR2-8


image6.emf
d = 30m

P

Q

d

d


Microsoft_Visio_Drawing.vsdx
d = 30m
P
Q
d
d



image7.emf
d = X m

P

Q


Microsoft_Visio_Drawing1.vsdx
d = X m
P
Q



