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1	Introduction
In order to have a justified performance evaluation in the NR positioning SI agreed at RAN#80 [1], we need to define a set of evaluation scenarios and performance metrics which fulfills the following objectives: 
· Study requirements, evaluation scenarios/methodologies to enable positioning in regulatory and commercial use cases [RAN1]
· Identify requirements such as accuracy, latency, capacity, coverage, and etc
· For evaluation purpose, radio layer level latency is considered rather than end-to-end latency.
· Define a representative number of evaluation scenarios for indoor and outdoor
· One use case representing indoor (e.g. Indoor Office as a baseline)
· One use case representing outdoor (Umi-street canyon and Uma scenario as baseline)
· One macro deployment from TR37.857 for FR1
· Note: Any specific deployment scenarios are also studied including evaluation scenarios for FR2.

We need to define a representative number of evaluation scenarios for a wide range of use-cases covering both indoor and outdoor deployments. In this contribution, we propose a set of deployment scenarios based on the ones that are suggested by the SI. The proposed scenarios accommodate possible effects coming from the environment and the associated channel behavior providing practical setup for the positioning capability assessment of different solutions.  Furthermore, this contribution elaborates on:
· Downlink and uplink simulation assumptions
· Performance metrics 

[bookmark: _Ref178064866]2	Evaluation scenarios
For evaluating the baseline performance, scenarios (with various options/configurations) are defined. The proposed scenarios are intended for evaluation of RAT-dependent positioning techniques in both indoor and outdoor environments. These scenarios cover a wide range of realistic deployments and provide a practical setup to assess the performance of the positioning solutions for both FCC emergency call requirement and some commercial use-case scenarios [2]. Moreover, they are all standard scenarios in which most companies have previously calibrated their tools and hence would result in an aligned performance evaluation framework. 
[bookmark: _Toc525938424][bookmark: _Toc525938425] The evaluation scenario set shall be chosen with the following characteristics :  
· [bookmark: _Toc525938426]All among standard 3GPP calibrated scenarios 
· [bookmark: _Toc525938427]Cover both FCC and some commercial use-cases 
· [bookmark: _Toc525938428]Cover a wide range of realistic network deployments

Before moving on to the scenario descriptions, we think it would be good to propose a set of clear carrier frequencies for simulation purpose. As NR supports a wide range of carrier frequencies, for the sake of easier evaluation process, we need to pick 1 or 2 carrier frequency in each FR1 and FR2 studies. As the bandwidth is one known parameter which improves the positioning accuracy for each selected carrier frequency, exploring the full system bandwidth would be the target. Here is our proposal:
[bookmark: _Toc525938429]For each evaluation scenario, the selection of carrier frequency shall be based on: 
· [bookmark: _Toc525938430]FR1: {2 GHz, 4.9 GHz, full-system BW}
· [bookmark: _Toc525938431]FR2: {28 GHz, full-system BW}

In respect to channel models, TR 38.900 provides channel models from 6 GHz to 100 GHz whereas the models in TR 38.901 accommodate channel models from 0.5 GHz to 100 GHz.
2.1	Case 1: Outdoor macro deployment scenario 
According to the objectives one macro deployment from TR37.857 for FR1 shall be defined in the evaluation scenarios. This would mainly address the regulatory requirements, including both indoor and outdoor UEs. It was also used to evaluate regulatory requirements on LTE positioning including both indoor and outdoor UEs in Rel. 13, which adds to its suitability Case 1 defines a scenario in urban setup where 7 base stations are deployed with an inter site distance (ISD) of 500 m [3]. This deployment is intended to depict a realistic city environment where each macro site has an 8-floor tall building in its coverage area. The detailed configuration parameters for urban macro deployment scenario setup are tabulated in Table 1 and an example of the proposed deployment scenario is shown in Fig. 1.

The outdoor small cell configurations are also kept in the table in case companies would like to further evaluate some positioning solutions based on the availability of the small cells or for example while exploring FR2. In Table 1, we highlighted the changes required to tailor the scenario from LTE to NR.

[bookmark: _Toc525938432]First priority is to evaluate regulatory requirements in the macro-only network deployment, while consideration of small cells in the macro scenario is optional. 
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Fig. 1: A 7 base station urban macro deployment.
      
Table 1: Outdoor macro deployment parameter description + optional small cell deployment
	
	Outdoor macro cell 
	Outdoor small cell (Optional)

	Layout 
	Hexagonal grid, 3 sectors per site, 7 or 19 Macro sites, ISD = 500m 
	Hexagonal grid, 3 sectors per site

	System BW per carrier/ Carrier frequency 
	FR1, FR2 (Optional)
	FR1, FR2 (Optional)

	Carrier number 
	1 
	1 

	Total BS TX power (Ptotal per carrier) 
	46dBm 
	30dBm 

	Distance-dependent path loss 
	3D-UMa [referring to Table 7.2-1 in TR36.873 [4]] - Note 1
	3D-UMi [referring to Table 7.2-1 in TR36.873 [4]] - Note 1

	Penetration 

	For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
	For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)

	Shadowing 
	3D-UMa [referring to Table 7.3-6 in TR36.873 [4]] - Note 1
	3D-UMi [referring to Table 7.3-6 in TR36.873 [4]] - Note 1

	Antenna pattern 
	3D,  referring to TR36.819 [5] 
	2D Omni-directional baseline. 
Optional: 3D,  referring to TR36.819 [5]

	Antenna Height: 
	25m + α, where α~uniform[-5, 25]
	10m + β, where β~uniform[-5, 10]

	UE Height 
	hUT=3(nfl – 1) + 1.5 m 
where, nfl ~ uniform(1,Nfl) and Nfl = 8 

	Antenna gain + connector loss 
	17 dBi 
	5 dBi 

	Antenna gain of UE 
	0 dBi 

	Fast fading channel between eNB and UE
	3D-UMa [referring to Table 7.3-6 in TR36.873 [4]] - Note 1
	3D-UMi [referring to Table 7.3-6 in TR36.873 [4]]  - Note 1

	Antenna configuration 
	2Tx2Rx in DL, Cross-polarized 

	Number of clusters/buildings per macro cell geographical area 
	1 

	Number of floors per building
	8

	Number of small cells per cluster 
	0, 4 (Optional), 10 (Optional) 

	UE dropping 
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster 
	50m 

	Radius for UE dropping in a cluster 
	70m 

	Minimum distance (2D distance) 
	Small cell-small cell: 20m 

	
	Small cell-UE: 5m 

	
	Macro –small cell cluster center: 105m 

	
	Macro – UE : 35m 

	
	cluster center-cluster center: 2*Radius for small cell dropping in a cluster 

	UE noise figure 
	9dB 

	UE speed 
	3km/h 

	Network synchronization error
	Perfectly synchronized for baseline.  
Additionally, network synchronization error case can be optionally simulated.  If included, 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:	Default: 50ns (for the additional performance evaluation)
–	Each individual company can further pick other values

	NOTE 1: 	Within 3D-UMa modelling, 3D-UMa O-to-I is used for indoor UEs; 3D-UMa LOS or 3D-UMa NLOS, depending on LOS probability, is used for outdoor UEs. Within 3D-UMi modelling, 3D-UMi O-to-I is used for indoor UEs; 3D-UMi LOS or 3D-UMi NLOS, depending on LOS probability, is used for outdoor UEs.



The network synchronization model should also be taken from the Rel.13 simulation assumptions, assuming a perfect synchronized network as a baseline. Our suggestion is that we adopt the same network synch model when evaluating regulatory requirements in this scenario. For other scenarios and commercial services, we evaluate without a network synchronization model. Instead, the network synchronization is considered to be a part of the design and implementation of the positioning solution in the same way as the design of the network deployment. So, our aim in this SI should be to introduce signals and procedures that are capable of providing adequate accuracy and it up to the deployment to realize them.
[bookmark: _Toc525938433]The network synchronization error shall only be considered when evaluating the regulatory requirements, while for other commercial use-case scenarios, the network synchronization is not considered and instead seen as a part of the design of the positioning solution and implementation.
2.2	Case 2: Urban micro – street-canyon deployment scenario
Urban micro street canyon deployment defines a scenario in urban setup where base stations are typically mounted above rooftop levels of the surrounding buildings. This deployment is intended to capture open area city scenario with street canyon channel complexities. The detailed configuration parameters for the scenario setup are tabulated below.
Table 2: Urban micro-street canyon deployment parameter description.
	
	Urban Micro cell 

	Layout 
	Hexagonal grid, 3 sectors per site, 7 Micro sites [referring to Table 7.8-1 in TR 38.900]

	Carrier frequency 
	FR1, FR2 

	Carrier number 
	1 

	Total BS TX power (Ptotal per carrier) 
	44 dBm 

	Distance-dependent path loss 
	3D-UMi [referring to Table 7.4.1-1 in TR38.901 [7]]

	Penetration loss

	Similar to TR37.857 [2]
For outdoor UEs: 0dB
For indoor Ues (optional): 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)


	Antenna pattern 
	3D,  referring to TR36.819 [5] 

	Height of antenna
	10 m

	Height of UE
	1.5 m

	Antenna gain + connector loss 
	17 dBi 

	Antenna gain of UE 
	0 dBi

	Fast fading channel between eNB and UE
	Not modeled

	Antenna configuration 
	Referring to Table 7.8-1 in TR 38.901 [7]

	Number of buildings per macro cell geographical area 
	0, 1 (optional)

	Number of floors per building
	1 

	Minimum distance (2D distance) 
	Site to UE: 10 m

	UE noise figure 
	9 dB [referring to Table 7.8-1 TR 38.901]

	UE speed 
	3 km/h



With this scenario, we would like to explore the NR capabilities in respect to a denser outdoor deployment for some commercial use-cases. As the micro-cells in this scenario have low heights, we see no advantage of exploring the indoor UEs in higher floors. Therefore, we propose that the baseline of this scenario would be mainly for outdoor UEs on ground level. Moreover, as we would like to explore more LOS conditions for the UEs evaluated in this scenario, while the base ISD is set to 200m for this scenario, we propose to consider ISD as a design parameter and companies can simulate at different ISDs to explore the positioning accuracy targets. 
[bookmark: _Toc525938422]  Urban micro-street canyon depicts a realistic city scenario with dense deployment and provides evaluation scenario for both regulatory and commercial use-case NR positioning capability.
[bookmark: _Toc525938434] The baseline of the micro-street canyon scenario shall be to explore outdoor UEs on ground level. 
[bookmark: _Toc525938435]The ISD of micro deployments shall be a design parameter which can be tuned in respect to the positioning solution and positioning accuracy target.   
2.3	Indoor Open Office Deployment Scenario
This scenario is intended to capture typical indoor open office scenario that is comprised of open cubicle areas, walled offices, open areas and corridors. In such a deployment, base station is typically mounted on ceilings or walls at a height of 3 m maintaining an ISD of 20 m. The detailed configuration parameters for the scenario setup are tabulated below and an example of the proposed deployment scenario is shown in Fig. 2. This scenario would mainly target the indoor UEs in dense indoor deployment. 
Table 3: Indoor open office deployment parameter description.
	
	Indoor Open Office Scenario

	Cell layout 
	3 sectors per site, 12 sites [referring to Table 7.8-1 in TR 38.900]

	Room size (WxLxH)
	120 m x 50 m x 3 m

	ISD
	20 m

	Carrier frequency 
	FR2

	Carrier number 
	1 

	Total BS TX power (Ptotal per carrier) 
	24 dBm 

	Distance-dependent path loss 
	3D-UMi [referring to Table 7.4.1-1 in TR38.900 [6]]

	Antenna pattern 
	3D,  referring to TR36.819 [5] 

	Height of antenna
	3 m

	Height of UE
	1 m

	Antenna gain + connector loss 
	17 dBi 

	Antenna configuration 
	Referring to Table 7.8-1 in TR 38.900 [6]

	Minimum distance (2D distance) 
	Site to UE: 1 m

	UE noise figure 
	9 dB [referring to Table 7.8-1 TR 38.900]

	UE speed 
	3 km/h


[image: ]
Fig.2: A 12 base station indoor open office deployment.

[bookmark: _Toc525938423]Observation 2  	Indoor open office scenario provides realistic deployment that closely matches a factory setup and provides evaluation scenario for commercial use-case NR positioning capability.  
3 Downlink and uplink simulation assumptions
For all deployment scenarios described in Section 3, both downlink and uplink-based positioning solutions are applicable and hence there is a need to set assumptions for each part separately. 
Table 4. Description of baseline configurations for the CSI-RS for tracking in FR1
	Bandwidths
	 Full bandwidth

	Comb factor
	4

	Subcarrier offset
	0,1,2 or 3.

	Symbol positions in a burst of the CSI-RS for tracking
	Alternative 1: (5,9) in all cells {allowing reuse 4 in combination with subcarrier offset}
Alternative 2: (4,8) or (5,9) {allowing reuse 8 in combination with subcarrier offset}
Alternative 3: (4,8) or (5,9) or (6,10) {allowing reuse 12 in combination with subcarrier offset}

	Slot offset
	Same in all cells

	Number of CSI-RS for tracking configured in each cell (i.e. number of beams).
	1

	Periodicity
	20 ms

	Burst length
	Two slots

	Sequence
	Gold sequence according to NR specification for CSI-RS



[bookmark: _Hlk525887939]Table 5 Description of baseline configurations for the CSI-RS for tracking in FR2
	Bandwidth
	Full bandwidth

	Comb factor
	4

	Subcarrier offset
	0,1,2 or 3.

	Symbol positions in a CSI-RS burst
	four different symbol positions.

	Slot offset
	Alternative 1: three different slot offsets {Allowing 12 beams + reuse 4 in combination with subcarrier offset and symbol positions}
Alternative 2: six different slot offsets {Allowing 12 beams + reuse 8 in combination with subcarrier offset and symbol positions}
Alternative 3: twelve different slot offsets {Allowing 12 beams + reuse 12 in combination with subcarrier offset and symbol positions}

	Number of CSI-RS for tracking configured in one cell (i.e. number of beams).
	12

	Periodicity
	20 ms

	Burst length
	One slot

	Sequence
	Gold sequence according to NR specification for CSI-RS



Table 6 Description of baseline configurations for SRS in FR1 and FR2
	Bandwidth
	Flexible bandwidth up to maximum bandwidth

	Comb factor
	4

	Frequency Hopping pattern
	No hopping 

	Numerology
	All

	No. of symbols
	1, 2, 4

	Slot periodicity
	 all possible values

	Slot offset
	all possible values

	SRS ports
	1


[bookmark: _Toc525938436]
The scenario description tables and the baseline downlink and uplink assumptions tables shall be added to the TR.
4 Performance metrics
For evaluating performance of NR positioning technologies, the following metrics should apply. 
[bookmark: _Toc437275446]4.1 Horizontal accuracy
Horizontal accuracy is the difference between the calculated horizontal position and the actual horizontal position of a UE. For simulations, the horizontal accuracy shall be reported as a CDF of the accuracy, and the percentage of users experiencing an accuracy threshold of 50 meters  shall be stated. The following percentiles shall be used in a simulation performance summary table: 70%, 80%, 90% and 95%. 
[bookmark: _Toc525938437]Proposal 8 	For simulations, the horizontal accuracy shall be reported as a CDF across a percentage of users as well as where an accuracy threshold of 50 meters is being met.  The following percentiles shall be used in a simulation performance summary table: 70%, 80%, 90% and 95%. 
We have proposed in [2], that the vertical accuracy should not be evaluated in this SI. This is mainly due to the results and conclusions obtained from Rel.13 SI [3]. However, in case there is simulation study for this metric, then below is the definition for vertical accuracy.
4.2 Vertical accuracy
Vertical accuracy is the difference between the calculated vertical position and the actual vertical position of a UE. For evaluation results, the vertical accuracy should be reported as a CDF across all dropped users.  The following percentiles should be used in a simulation performance summary table: 40%, 50%, 70%, 80%, and 90%.

Conclusion

In the previous sections we made the following observations: 
Observation 1	Urban micro-street canyon depicts a realistic city scenario with dense deployment and provides evaluation scenario for both regulatory and commercial use-case NR positioning capability.
Observation 2  	Indoor open office scenario provides realistic deployment that closely matches a factory setup and provides evaluation scenario for commercial use-case NR positioning capability.
Based on the discussion in the previous sections we propose the following:
	The evaluation scenario set shall be chosen with the following characteristics :
Proposal 1
	All among standard 3GPP calibrated scenarios
	Cover both FCC and some commercial use-cases
	Cover a wide range of realistic network deployments
Proposal 2	For each evaluation scenario, the selection of carrier frequency shall be based on:
	FR1: {2 GHz, 4.9 GHz, full-system BW}
	FR2: {28 GHz, full-system BW}
Proposal 3	First priority is to evaluate regulatory requirements in the macro-only network deployment, while consideration of small cells in the macro scenario is optional.
Proposal 4	The network synchronization error shall only be considered when evaluating the regulatory requirements, while for other commercial use-case scenarios, the network synchronization is not considered and instead seen as a part of the design of the positioning solution and implementation.
Proposal 5	The baseline of the micro-street canyon scenario shall be to explore outdoor UEs on ground level.
Proposal 6	The ISD of micro deployments shall be a design parameter which can be tuned in respect to the positioning solution and positioning accuracy target.
Proposal 7	The scenario description tables and the baseline downlink and uplink assumptions tables shall be added to the TR.
Proposal 8 	For simulations, the horizontal accuracy shall be reported as a CDF across a percentage of users as well as where an accuracy threshold of 50 meters is being met.  The following percentiles shall be used in a simulation performance summary table: 70%, 80%, 90% and 95%.
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