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Introduction
In RAN1#101-e meeting, the following agreements were achieved on additional scenarios for evaluation of NR Positioning Enhancements [1]. In this contribution, we discuss some remaining issues on additional scenarios for evaluation of NR Positioning Enhancements, including Rel-17 target positioning requirements, absolute time of arrival model for IOO scenario, and details of the mobility model.

 Agreement:
· InF-SH and InF-DH models in TR 38.901 are adopted as the baseline scenarios for defining the channel models, parameters and modelling techniques for performance evaluations in the Rel. 17 positioning enhancements at least for IIoT use cases
· Note: Modifications to parameters in the InF-DH models will be discussed separately.
· Note: Target performance and performance gap identification will be discussed separately. 
· Note: Individual companies may consider additional InF models in TR 38.901 as complementary evaluation scenarios in their simulation investigation and the evaluation results can be considered to be captured in the TR 38.857.
· Note: Target positioning requirements may not necessarily be reached for all scenarios.


Agreement (Proposal 4.1-1, Revision #2, in Section 4.1 of R1-2004868):
· Adopt the parameters defined in Table below as the baseline parameters for all scenarios in the evaluation of the positioning performance in Rel-17.
· Note: Individual companies may consider additional parameter values or different parameter settings in their simulation investigation
· Note: Optional scenarios and assumptions will be discussed separately and can be included

Table: Common scenario parameters applicable for all scenarios

	
	FR1 Specific Values
	FR2 Specific Values 

	Carrier frequency, GHz 
	3.5GHz

	28GHz

	Bandwidth, MHz
	100MHz
	400MHz


	Subcarrier spacing, kHz
	30kHz for 100MHz 
	120kHz

	gNB model parameters 
	
	

	gNB noise figure, dB
	5dB
	7dB

	UE model parameters 
	
	

	UE noise figure, dB
	9dB – Note 1
	13dB – Note 1

	UE max. TX power, dBm
	23dBm – Note 1
	23dBm – Note 1
EIRP should not exceed 43 dBm.

	UE antenna configuration
	Panel model 1 – Note 1
Mg = 1, Ng = 1, P = 2, dH = 0.5λ,
(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1)
	Baseline:
Multi-panel Configuration 1 and Panel Configuration a – Note 1
-	Multi-panel Configuration 1: (Mg, Ng) = (1, 2); Θmg,ng=90°; Ω0,1=Ω0,0+180°; (dg,H, dg,V)=(0,0)
-	Panel Configuration a:
-	Each antenna array has shape dH=dV=0.5λ
-	Config a: (M, N, P) = (2, 4, 2),
-	the polarization angles are 0° and 90°
-	The antenna elements of the same polarization of the same panel is virtualized into one TXRU

Optional: FFS 



	UE antenna radiation pattern 
	Omni, 0dBi
	Antenna model according to Table 6.1.1-2 in TR 38.855

	PHY/link level abstraction
	Explicit simulation of all links, individual parameters estimation is applied. Companies to provide description of applied algorithms for estimation of signal location parameters.

	Network synchronization
	The network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between an eNB and a timing reference source which is assumed to have perfect timing, subject to a largest timing difference of T2 ns, where T2 = 2*T1
–	That is, the range of timing errors is [-T2, T2]
–	T1:	0ns (perfectly synchronized), 50ns (Optional)


	Note 1:	According to 3GPP TR 38.802
Note 2:	According to 3GPP TR 38.901




Agreement:
Optional: The following UE antenna configuration can be considered
· 4 UE panels:
· The antenna elements of the same polarization of the same panel is virtualized into one TXRU
· FFS: Other details

Agreement:
Absolute-time-of arrival model defined in TR 38.901 without modification is considered in the evaluation of all scenarios.

Agreement:
Blockage model is not considered in the evaluation of all scenarios

Agreement: (Proposal 5.1-4, Revision 3, in Section 5.1 of R1-2004961)
· Adopt the parameters defined in the Table below as the baseline parameters for all InF scenarios in the evaluation of positioning performance in Rel-17.
· Note: Individual companies may consider additional parameter values or different parameter settings in their simulation investigation

Table: Parameters common to InF scenario(s)
	
	FR1 Specific Values 
	FR2 Specific Values

	Channel model
	InF-SH, InF-DH

	InF-SH, InF-DH


	Layout 
	Hall size
	InF-SH: 
(baseline) 300x150 m 
(optional) 120x60 m

InF-DH: 
(baseline) 120x60 m
(optional) 300x150 m

	
	BS locations
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the small hall (L=120m x W=60m): D=20m
-	for the big hall (L=300m x W=150m): D=50m
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	Room height
	10m

	Total gNB TX power, dBm
	24dBm
	24dBm
EIRP should not exceed 58 dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ – Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ – Note 1
One TXRU per polarization per panel is assumed

	gNB antenna radiation pattern
	Single sector – Note 1
	3-sector antenna configuration – Note 1

	Peneteration loss
	0dB

	Number of floors
	1

	UE horizontal drop procedure
	Uniformly distributed over the horizontal evaluation area for obtaining the CDF values for positioning accuracy, The evaluation area should be at least the convex hull of the horizontal BS deployment. It can also be the whole hall area if the CDF values for positioning accuracy is obtained from whole hall area.

	UE antenna height
	Baseline: 1.5m
(Optional): FFS

	UE mobility
	3km/h
(Optional): FFS

	Min gNB-UE distance (2D), m
	0m

	gNB antenna height
	Baseline: 8m
(Optional): FFS

	Clutter parameters: {density , height ,size }
	Low clutter density: 
{20%, 2m, 10m}
High clutter density:
See Proposal 5.1-7

	Note 1:	According to Table A.2.1-7 in 3GPP TR 38.802





Agreement:
Optional: For evaluating vertical positioning performance, UE antenna height can be uniformly distributed within [0.5, X2]m, where X2 = 2m for InF-SH and X2= for InF-DH defined in TR 38.901.

Agreement:
Clutter parameters {density , height ,size } for high clutter density are set as follows:
· (Baseline): {40%, 2m, 2m} for fixed UE antenna height and gNB antenna height
· (Optional): {40%, 3m, 5m}
· (Optional): {60%, 6m, 2m}

Agreement:
It will be left to companies to define the configurations for DL PRS and UL SRS for the evaluation of positioning performance.
· Note: Configurations of DL PRS and UL SRS supported by Rel-16 specifications are used for evaluation of the achievable performance based on Rel-16 positioning technologies.

Agreement:
CDFs of positioning errors are used as performance metrics in NR positioning evaluation with at least the following percentiles 50%, 67%, 80%, 90%. 
· Note: In addition to overall positioning accuracy performance, companies are encouraged to report the estimation accuracy of UE/gNB measurements (e.g., RSTD) for performance comparison.

Agreement:
For TR 38.857, the template used in TR 38.855 for the inclusion of simulation results is reused. In addition, the following parameters should be provided for each scenario together with the simulation results.

	Parameter
	[Source 1, scenario,  FRx]

	Channel model (baseline, otherwise state any modifications)
	

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	

	Reference signal (type of sequence, number of ports, …) 
	

	Number of sites
	

	Number of symbols used per slot  per positioning estimate
	

	Number of slots per positioning estimate
	

	Power-boosting level
	

	Uplink power control (applied/not applied)
	

	interference modelling (ideal muting, or other)
	

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	

	Network synchronization assumptions
	

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	

	Additional notes, if any
	 




Agreement:
CDF values for positioning accuracy for IIoT scenarios are derived based on:
· Case 1 (Required): The UEs inside the convex hull of the horizontal BS deployment area.
· Case 2 (Optional): All the UEs

[bookmark: _Hlk42286119]Agreement:
Optional: For evaluating vertical positioning performance, gNB antenna height can also be set to two fixed heights, which is either {4, 8} m, or {max(4,), 8}.

Agreement:
Network efficiency and UE efficiency can be evaluated at least in an analytical manner.
· FFS: the definition of efficiency metric (e.g., the positioning performance (accuracy, latency) vs. PRS/SRS resource utilization etc.)
· Note: It will be up to each company on whether to use other methods (e.g., numerical simulation) for the evaluation.

Agreement:
· In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for [90%] of UEs
· Vertical position accuracy (< [2 or 3] m) for [90%] of UEs
· End-to-end latency for position estimation of UE (< [100 ms])
· FFS: Physical layer latency for position estimation of UE (< [10 ms])
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< X m) for [90%] of UEs
· X = [0.2 or 0.5] m
· Vertical position accuracy (< Y m) for [90%] of UEs
· Y = [0.2 or 1] m
· End-to-end latency for position estimation of UE (< [10ms, 20ms, or 100ms])
· FFS: Physical layer latency for position estimation of UE (< [10ms])
· Note: Target positioning requirements may not necessarily be reached for all scenarios

Agreement:
Optional: UE mobility can be considered in evaluation with the consideration of the spatial consistency procedure defined in TR 38.901.
· FFS: the details of the mobility models

Agreement:
· UE power consumption for NR positioning can be optionally evaluated in the SI.
· Note: It is up to each company on how to evaluate the power consumption for positioning. The UE power consumption models developed in TR38.840 can be considered as the starting point for defining the UE power consumption model for the evaluation for NR positioning

Agreement:
The TR skeleton in R1-2004948 is endorsed.

Agreement:
Optional: The UE/gNB RX and TX timing error, in FR1/FR2, can be modeled as a truncated Gaussian distribution with zero mean and standard deviation of T1 ns, with truncation of the distribution to the [-T2, T2] range, and with T2=2*T1:
        T1:  [X] ns for gNB and [Y] ns for UE 
· FFS: X, Y
        Note: RX and TX timing errors are generated per panel independently
        FFS: how the Rx and Tx timing errors are applied  

Agreement:
· In Rel-17 SI, for the evaluation of positioning enhancements for commercial use cases, no baseline scenario is defined. UMi, UMa and IOO scenario(s) defined in TR 38.855 can be considered as optional scenarios without modifications to existing configuration parameters. 
· FFS: absolute time of arrival model for UMi, UMa and IOO scenarios

Agreement:
Physical layer latency can be evaluated through analysis and, optionally, numerical evaluation.

Agreement:
Higher layer positioning latency can be evaluated in this SI.
· FFS: how to evaluate higher-layer positioning latency
· FFS: which higher-layers should be included in the evaluation


Discussion
Rel-17 target positioning requirements
In RAN1#101-e meeting, the following agreements were achieved on Rel-17 target positioning requirements for commercial use cases and IIoT use cases. 
	Agreement:
· In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for [90%] of UEs
· Vertical position accuracy (< [2 or 3] m) for [90%] of UEs
· End-to-end latency for position estimation of UE (< [100 ms])
· FFS: Physical layer latency for position estimation of UE (< [10 ms])
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< X m) for [90%] of UEs
· X = [0.2 or 0.5] m
· Vertical position accuracy (< Y m) for [90%] of UEs
· Y = [0.2 or 1] m
· End-to-end latency for position estimation of UE (< [10ms, 20ms, or 100ms])
· FFS: Physical layer latency for position estimation of UE (< [10ms])
· Note: Target positioning requirements may not necessarily be reached for all scenarios




As shown in above, we reached the agreements on framework of Rel-17 target requirements in last meeting, but most of the numbers are still in the brackets. We prefer the following numbers marked on GREEN background as Rel-17 target positioning requirements:
· In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for [90%] of UEs
· Vertical position accuracy (< [2 or 3] m) for [90%] of UEs
· End-to-end latency for position estimation of UE (< [100 ms])
· FFS: Physical layer latency for position estimation of UE (< [10 ms])
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< X m) for [90%] of UEs
· X = [0.2 or 0.5] m
· Vertical position accuracy (< Y m) for [90%] of UEs
· Y = [0.2 or 1] m
· End-to-end latency for position estimation of UE (< [10ms, 20ms, or 100ms])
· FFS: Physical layer latency for position estimation of UE (< [10ms])
· Note: Target positioning requirements may not necessarily be reached for all scenarios
As shown in above, for vertical position accuracy, we would like to select relatively loose target requirements, as the vertical positioning needs the deployment of multi-layer base stations in the vertical direction, and the number of base stations that the UE can used for positioning in the vertical direction is less than that in the horizontal direction. Therefore, we prefer 3m and 1m as the target requirements of vertical position accuracy for 90% of UEs in commercial use cases and IIoT use cases, respectively. It should be pointed out that synchronization error among gNBs will degrade the performance of UE positioning. About end-to-end latency for position estimation of UE, we prefer 100ms as the target requirement, as it is very difficult for current network to achieve 10ms or 20ms E2E latency, even if it is optimized. About physical layer latency for position estimation of UE, we prefer 10ms as the target requirement in order to reduce the physical layer latency as much as possible.

[bookmark: _Ref39424740]Proposal 1: We prefer the following numbers for Rel-17 target positioning requirements:
· In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for 90%of UEs
· Vertical position accuracy (<3m) for 90% of UEs
· End-to-end latency for position estimation of UE (<100 ms)
· Physical layer latency for position estimation of UE (<10 ms)
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< X m) for 90%of UEs
· X = 0.2m
· Vertical position accuracy (< Y m) for 90% of UEs
· Y = 1m
· End-to-end latency for position estimation of UE (<100ms)
· Physical layer latency for position estimation of UE (< 10ms).

Absolute time of arrival model for IOO scenario
In RAN1#101-e meeting, the following agreements were achieved on absolute-time-of arrival model for all InF scenarios. 
	Agreement:
Absolute-time-of arrival model defined in TR 38.901 without modification is considered in the evaluation of all scenarios.




In section 7.6.9 of TR 38.901[2], the absolute-time-of arrival model is defined as follows,
	[bookmark: _Toc20340143]7.6.9	Absolute time of arrival
To support simulations in which absolute time of arrival is important, the propagation time delay due to the total path length is considered in step 11 of the fast fading model as follows. The impulse response in NLOS is determined using equation (7.6-43) instead of (7.5-27) and the impulse response in LOS is determined using equation (7.6-44) instead of (7.5-30), where  is the speed of light.  is generated from a lognormal distribution with parameters according to Table 7.6.9-1.  is generated independently for links between the same UT and different BS sites. The excess delay in NLOS, , should further be upper bounded by , where  is the largest dimension of the factory hall, i.e.  = max(length, width, height).

		(7.6-43)
	.     (7.6-44)
Table 7.6.9-1: Parameters for the absolute time of arrival model
	Scenarios
	InF-SL, InF-DL
	InF-SH, InF-DH

	
	
	-7.5
	-7.5

	
	
	0.4
	0.4

	Correlation distance in the horizontal plane [m]
	6
	11






Since RAN1 had agreed to model absolute time of arrival in the evaluation for all InF scenarios, it is critical to model it for IOO scenario when IOO is selected as the scenario for commercial use cases, since IOO scenario is a kind of indoor scenario similar to InF scenarios.
For the modeling of absolute time of arrival of IOO scenario, we propose to reuse the absolute-time-of arrival model for InF scenarios defined in TR 38.901. The parameters for generation of the excess delay in NLOS for IOO scenario are shown in the below Table 1, in which  is the excess delay in NLOS for IOO scenario, and  is generated from a lognormal distribution with parameters  and . The values of parameters  and  for IOO scenario are the same as that of InF scenarios in Table 7.6.9-1 in TR 38.901 [2].
[bookmark: _Ref47287769]Table 1: Parameters for generation of the excess delay in NLOS for IOO scenario
	Scenario
	IOO

	
	
	-7.5

	
	
	0.4


About the reason why we suggest to reuse the same parameters with the same values of the absolute time of arrival model for the InF scenarios to that of IOO scenario, we want to clarify that as IOO layout has 12 BSs per 120m × 50m, Inter-gNB distance= 20m, then IOO scenario has similar hall size, the number of BS and ISD as InF scenarios, it could therefore be reasonable to reuse the same parameters with the same values of the absolute time of arrival model for the InF scenarios to that of IOO scenario.
[bookmark: _Ref39424767][bookmark: _Ref47264527][bookmark: _Ref47289163]Proposal 2: Reusing the absolute-time-of arrival model for InF scenarios defined in TR 38.901 to the evaluation of IOO scenario. The values of parameters  and  for generation of the excess delay  in NLOS for IOO scenario are shown in the below Table:
	Scenario
	IOO

	
	
	-7.5

	
	
	0.4



Details of the mobility model
In RAN1#101-e meeting, the following agreements were achieved on the mobility model. 
	
Agreement:
Optional: UE mobility can be considered in evaluation with the consideration of the spatial consistency procedure defined in TR 38.901.
· FFS: the details of the mobility models



[bookmark: _Ref36563105][bookmark: _Ref39424771]In addition, during the email discussion [101-e-Post-NR-Pos-Enh], the details of the mobility model were discussed but not achieved the consensus. Based on the email discussions in the previous meeting, we propose the following details of the mobility model as the starting point:
· UE mobility can be optionally considered in evaluation with the following details.
· Spatial consistency should be considered according to TR 38.901 (Section 7.6.3)
· Track mode: linear track with fixed path trajectory
· Velocity & acceleration:
· Option 1: constant speed 30km/h, zero acceleration.
· Option 2: initial constant acceleration period + constant speed 30Km/h period 
· Position update rate: the time interval between two position update of a track  >1ms 
We prefer to have a common mobility model for the positioning evaluation, and a fixed path trajectory for the movement of UE may be also need to be considered, in order to facilitate the convergence of performance evaluation results. That is to say, interested companies use the same path trajectory to model the movement of UE. As shown in Figure 1, the path trajectory of the movement of UE is indicated by the blue arrow.
[image: ]
[bookmark: _Ref47269088]Figure 1: Fixed path trajectory for the movement of UE in the mobility model

[bookmark: _Ref47283934]Proposal 3: A common mobility model for the movement of UE should be considered with the following details of the mobility model as the starting point:
· UE mobility can be optionally considered in evaluation with the following details.
· Spatial consistency should be considered according to TR 38.901 (Section 7.6.3)
· Track mode: linear track with fixed path trajectory
· Velocity & acceleration:
· Option 1: constant speed 30km/h, zero acceleration.
· Option 2: initial constant acceleration period + constant speed 30Km/h period 
· Position update rate: the time interval between two position update of a track  >1ms 

Conclusions
In this contribution, we discuss several remaining issues on additional scenarios for evaluation of NR Positioning Enhancements. Based on the discussion, we propose: 
Proposal 1: We prefer the following numbers for Rel-17 target positioning requirements:
·  In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for 90%of UEs
· Vertical position accuracy (<3m) for 90% of UEs
· End-to-end latency for position estimation of UE (<100 ms)
· Physical layer latency for position estimation of UE (<10 ms)
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< X m) for 90%of UEs
· X = 0.2m
· Vertical position accuracy (< Y m) for 90% of UEs
· Y = 1m
· End-to-end latency for position estimation of UE (<100ms)
· Physical layer latency for position estimation of UE (< 10ms).

Proposal 2: Reusing the absolute-time-of arrival model for InF scenarios defined in TR 38.901 to the evaluation of IOO scenario. The values of parameters  and  for generation of the excess delay  in NLOS for IOO scenario are shown in the below Table:
	Scenario
	IOO

	
	
	-7.5

	
	
	0.4



Proposal 3: A common mobility model for the movement of UE should be considered with the following details of the mobility model as the starting point:
· UE mobility can be optionally considered in evaluation with the following details.
· Spatial consistency should be considered according to TR 38.901 (Section 7.6.3)
· Track mode: linear track with fixed path trajectory
· Velocity & acceleration:
· Option 1: constant speed 30km/h, zero acceleration.
· Option 2: initial constant acceleration period + constant speed 30Km/h period 
· Position update rate: the time interval between two position update of a track  >1ms 
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