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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The evaluation methodology needs to be developed in RAN1 in order to help/verify the up-coming design for NR positioning. The offline email discussion has shown that most companies support the following baseline scenarios:
· Scenario 1. Indoor Office (Open Office/Mixed Office) - TR 38.901 / TR 38.802 for both FR1 and FR2 
· [bookmark: _Hlk525032656]Scenario 2. UMi street canyon (ISD 200m) - TR 38.901 / TR 38.802 for both FR1 and FR2
· Scenario 3. Macro-cell only deployment (ISD 500m) w/o small cells for FR1 only

In this contribution, we present our views on detailed evaluation environment settings and performance metrics for NR positioning.
[bookmark: _Ref129681832]Views on Evaluation Scenarios
Indoor office and mixed office
This scenario corresponds to the case that UEs are in the same floor of a building. The settings listed here are from TR 38.901 [1] and TR 38.802 [2]. Note that the field “carrier number” is not specified in [1] and [2]. For positioning, it is sufficient to assume that carrier number is 1 for each BS. For simplicity, we may assume all BSs are at the same carrier frequency.

	Parameters
	Indoor – open office 
	Indoor – mixed office

	Layout
	Single layer
120mx50mx3m (WxLxH), 12BSs, ISD 20m (see Figure 1)

	BS antenna height hBS
	3 m (ceiling)

	UE antenna height hUE
	1m

	UE mobility (horizontal plane only)
	3 km/h

	Min. BS - UE distance (2D)
	0

	UE distribution (horizontal)
	Uniform

	Carrier frequency
	4GHz, 30GHz, or 70GHz

	Carrier number
	1

	System bandwidth
	Below 6GHz: 100MHz
Above 6GHz: 400MHz 

	Path loss and shadowing
	InH – Office 
Refer to Table 7.4.1-1 in TR 38.901

	LOS/NLOS probability
	Indoor - Open office
Refer to Table 7.4.2-1 in TR 38.901
	Indoor – Mixed office
Refer to Table 7.4.2-1 in TR 38.901

	Fast fading
	Indoor office, Table 7.5-6, TR 38.901

	BS antenna configurations
	Indoor hotspot, refer to Table A.2.1-4 in TR 38.802 

	BS antenna element gain + connector loss
	Refer to Table A.2.1-4 in TR 38.802

	BS Tx power
	Below 6GHz: 24dBm
Above 6GHz: 23dBm

	UE Tx power
	Below 6GHz: 23dBm
30GHz: 23dBm
70GHz: 21dBm

	UE antenna gain
	Follow the modeling of TR36.873

	UE antenna configuration
	Refer to Table A.2.1-4 in TR 38.802

	UE receiver noise figure
	Below 6GHz: 9dB
Above 6GHz: 13dB (baseline performance), 10dB (high performance)


	Table 2.1 – Parameters for indoor office	
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Figure 2.1 – Single layer layout

UMi street canyon and Macro-cell only
Most settings listed below are from TR 38.901 [1] and TR 38.802 [2]. Again, for simplicity we may assume that there is only one carrier and all BSs are at the same carrier frequency. Note that for the penetration loss, there are two models (high loss and low loss) in TR 38.901. We may choose either one of the two models for simulation. Also note that we set number of floors to be uniform(4,8) and 8 for UMi and macro-cell only, respectively.

	Parameters
	UMi street canyon
	Macro cell only

	Layout
	Hexagonal grid, 19 micro sites, 3 sectors per site (ISD = 200m)
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m)

	BS antenna height hBS
	10m
	25m

	UE dropping 
	80% indoor, 20% outdoor

	UE antenna height hUE in meters
	Indoor: hUE = 3(nfl – 1) + 1.5, where nfl ~ uniform(1,Nfl) and
Nfl ~ uniform(4,8)
Outdoor: 1.5
	Indoor: hUE = 3(nfl – 1) + 1.5m, where nfl ~ uniform(1,8)
Outdoor: 1.5

	UE mobility (horizontal plane only)
	3 km/h

	Min. BS - UE distance (2D)
	10m
	35m

	UE distribution (horizontal)
	Uniform

	Carrier frequency
	4GHz, 30GHz, or 70GHz
	4GHz

	Carrier number
	1 for each BS

	System bandwidth
	Below 6GHz: 100MHz
Above 6GHz: 400MHz
	100MHz

	Path loss and shadowing
	UMi – Street Canyon
Refer to Table 7.4.1-1 in TR 38.901
Note that for indoor UEs, d3D should be replaced by d3D−out + d3D−in
	UMa – Street Canyon
Refer to Table 7.4.1-1 in TR 38.901
Note that for indoor UEs, d3D should be replaced by d3D−out + d3D−in

	LOS/NLOS probability 
	UMi – Street Canyon
Refer to Table 7.4.2-1 in TR 38.901
	UMa – Street Canyon
Refer to Table 7.4.2-1 in TR 38.901	

	Penetration
	Outdoor UEs: 0
Indoor UEs: high loss model or low loss model in Table 7.4.3-2, TR 38.901

	Fast fading
	UMi street canyon, Table 7.5-6, TR 38.901
	UMa, Table 7.5-6, TR 38.901

	BS antenna configurations
	Dense urban, refer to Table A.2.1-4 in TR 38.802 
	Urban macro, refer to Table A.2.1-4 in TR 38.802

	BS antenna element gain + connector loss
	Refer to Table A.2.1-4 in TR 38.802

	BS Tx power
	Below 6GHz: 33dBm
Above 6GHz: 33dBm
	49dBm


	UE Tx power
	Below 6GHz: 23dBm
30GHz: 23dBm
70GHz: 21dBm

	UE antenna gain
	Follow the modeling of TR36.873

	UE antenna configuration
	Refer to Table A.2.1-4 in TR 38.802

	UE receiver noise figure
	Below 6GHz: 9dB
Above 6GHz: 13dB (baseline performance), 10dB (high performance)


Table 2.2 – Parameters for UMi street canyon and macro-cell only
 We have the following proposal:
Proposal 1: For indoor office scenario, adopt the setting in Table 2.1. For UMi street canyon and macro-cell only scenarios, adopt the setting in Table 2.2.
Views on Performance metrics
Before defining performance metrics, the baseline processing algorithms need to be defined clearly so that the performance being evaluated by different companies can be compared. In our view, at least the following algorithms should be defined:
1. Algorithm for location server based on the OTDOAs sent from a UE: 
a. Baseline: calculating horizontal position based on the assumption that we have perfect time synchronization among BSs. 
b. A general algorithm should calculate both horizontal and vertical position while taking the timing dis-synchronization among BSs into account. 
2. Algorithm for a UE to measure TDOA:  should be discussed while/after the positioning reference signal for NR is (being) defined.  

A hybrid algorithm for location server combining the OTDOA and E-CID measurements can also be considered.

For the performance metrics, the following items should be considered.

Estimation accuracy
The accuracy metric can be defined in measurement error and positioning result level. For E-CID, the measurement error can appear in TA and RSRP measurement. For OTDOA, the measurement error can be in each RSTD measurement. The accuracy metric at positioning result level is the same for all positioning method: the difference between the calculated horizontal/vertical position and the actual horizontal/vertical position of a UE.
 
For the accuracy metric at positioning result level, the regulatory requirements should be at least achieved. RAN1 can further review the commercial use cases and assess the feasible requirements, since the requirements from SA group for the commercial use cases are quite diverged.

The positioning accuracy can be reported as a CDF across a percentage of users where the accuracy under a certain level is met. We also notice that, for OTDOA, the number of TPs for one UE to measure and report RSTD will impact the positioning performance, and hence this information should be attached along with a CDF showing the positioning accuracy.

Reporting latency
From RAN1 perspective, the reporting latency is the time elapsed from triggering UE measurement to the time that UE sends measurement report to the network. The latency depends on how many signals from the TPs that an UE can simultaneously estimate, the period of time to derive the sufficient statistics when being triggered, and the scheduling of uplink resources for UE to send the measurement report. The latency could also depend on UE in which state (idle, inactive or connected).

Capacity
  The capacity is the number of UEs for which the network can calculate their positions in a given time unit. This metric is related to the reporting latency since larger number of UEs leads to longer average reporting latency. It is of interest to study the capacity of the network and the corresponding average reporting delay given a time duration.

[bookmark: _GoBack]Coverage and UE power consumption
  Coverage can be observed if the positioning accuracy is reported as a CDF across a percentage of users where the accuracy under a certain level is met. For UE power consumption, we think it is related to the number of TPs to measure, and the time period to collect the statistics. So basically the power consumption can be interpreted from reporting delay and the number of TPs attached in a CDF showing the positioning accuracy. Thus, there is no need to list coverage and UE power consumption as independent performance metrics. 

Based on above, we have the following proposals:

Proposal 2: RAN1 should define baseline processing algorithms for (1) Algorithm for location server based on the OTDOAs sent from a UE, and (2) Algorithm for a UE to measure TDOA

Proposal 3: Performance metrics include vertical/horizontal accuracy, reporting latency, and capacity. The positioning accuracy should be reported as a CDF across a percentage of users where the accuracy under a certain level is met. The level of accuracy is FFS

Conclusions
In this contribution, we presented our views on evaluation environment settings and performance metrics NR positioning. We have the following proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: For indoor office scenario, adopt the setting in Table 2.1. For UMi street canyon and macro-cell only scenarios, adopt the setting in Table 2.2.
Proposal 2: RAN1 should define baseline processing algorithms for (1) Algorithm for location server based on the OTDOAs sent from a UE, and (2) Algorithm for a UE to measure TDOA
Proposal 3: Performance metrics include vertical/horizontal accuracy, reporting latency, and capacity. The positioning accuracy should be reported as a CDF across a percentage of users where the accuracy under a certain level is met. The level of accuracy is FFS.
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