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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.

Thanks to good progress at RAN1#94bis [2], most of these objectives are met by the agreements that are to be added to the technical report [3]. In this contribution, we provide some more comments about the scenarios, and stress the importance of using baseline signals when evaluating different signal designs. We also provide some simulation results for baseline configurations. 
[bookmark: _Ref178064866]2	Evaluation scenarios and baseline signals
For evaluating baseline performance, scenarios (with various options/configurations) have been defined as below for RAT-dependent positioning techniques for NR positioning study [3]:
· Scenario 1. Indoor Office for FR1 and FR2 (Open office and Mixed Office)
· Scenario 2. UMi street canyon for FR1 and FR2 (ISD 200m)
· Scenario 3. UMa (ISD 500m, TBD: ISD > 500m) for FR1 only (Macro cell only deployment scenario)

In order to evaluate the benefits of different signal designs, despite some possible differences in the simulator implementations, it is important to use common baseline signals. Such baseline signals are discussed in more detail in [4], and the proposed configurations are included in the following two subsections for discussion and agreement.
2.1 Baseline downlink positioning reference signal
The proposed baseline downlink signal is the CSI-RS for tracking, also referred to as the TRS (Tracking Reference signal) which is described in section 5.1.6.1.1 on CSI-RS for tracking in TS 38.214 [5] and in section 7.4.1.5 on CSI reference signals in TS 38.211 [6]. It is a comb-4 signal, which means that the power can be concentrated to the TRS resource elements, enabling a 6 dB power boosting.
We have the following proposal:
[bookmark: _Toc525914150][bookmark: _Toc528923381][bookmark: _Toc528931379]Use the TRS (CSI-RS for tracking) configurations for FR1 in Table 1 and FR2 in Table 2 as baseline, which means that all proposed NR positioning downlink reference signals shall be evaluated with the corresponding baseline of the same bandwidth and on the average utilizing the same number of symbols per time unit.

Table 1. Description of baseline configurations for the TRS (CSI-RS for tracking) in FR1
	TRS bandwidths
	 System Bandwidth 

	Comb factor
	4

	Subcarrier offset
	0,1,2 or 3.

	Symbol positions in a burst of the CSI-RS for tracking
	 (4,8), (5,9) or (6,10)

	Slot offset
	Alt. 1. Same in all cells
Alt.2, Different in all cells (corresponding to ideal muting in LTE PRS simulations)

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

	Periodicity
	Flexible in the set {20, 40, 80, 160} ms

	Burst length
	Two slots

	Sequence
	Gold sequence according to NR specification for CSI-RS

	Power boosting of TRS REs
	6 dB



Table 2 Description of baseline configurations for the CSI-RS for tracking in FR2
	Bandwidth
	 System 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}
Alternative 4: Different in all cells (corresponding to ideal muting in LTE PRS simulation)

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

	Periodicity
	Flexible in the set {20, 40, 80, 160} ms

	Burst length
	One slot

	Sequence
	Gold sequence according to NR specification for CSI-RS

	Power boosting of TRS REs
	6 dB



2.2 Baseline uplink positioning reference signal
Uplink Sounding Reference Signals (SRS) is currently the main reference signal transmitted by the UE. We propose to use it as a baseline signal for evaluating uplink-based positioning methods.
Therefore, we have defined SRS configurations as baseline uplink signals in Table 3. In relation, we have the following proposal:
[bookmark: _Toc525914151][bookmark: _Toc528923382][bookmark: _Toc528931380]Use the SRS configurations for FR1 and FR2 in Table 3 as baseline, which means that all proposed NR positioning uplink reference signals shall be evaluated the corresponding baseline with the same bandwidth and periodicity.
Table 3 Description of baseline configurations for SRS in FR1 and FR2
	Bandwidth
	 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



3 	Selected Evaluation Results
The following section provides some evaluation results for FR1 based on the baseline downlink positioning reference signal defined in the previous section for NR OTDOA. The system level simulations are based on Scenario 3 - Urban Macro and presented in section 3.1, while some link level simulations are provided in section 3.2.
3.1 System level simulations, baseline NR OTDOA performance
This section presents baseline NR OTDOA performances for FR1 and the agreed scenarios 3, with an outdoor macro deployment and the baseline downlink positioning signals defined in the previous section  For convenience, the common parameters are provided in Table 4. In addition, we have also evaluated the bandwidth 10 MHz, with a subcarrier spacing 15 kHz.
Table 4: Common scenario parameters applicable for all scenarios
	
	FR1 Specific Values
	FR2 Specific Values 

	Carrier frequency, GHz  
	2GHz, 4GHz – Note 1
	30 GHz – Note 1

	Bandwidth, MHz
	5MHz, 
50MHz for 2GHz
100MHz for 4GHz
	100MHz, 400MHz 

	Subcarrier spacing, kHz
	15kHz for 5MHz and 50MHz
30kHz for 100MHz 
	120kHz

	gNB model parameters 
	
	

	gNB noise figure, dB
	5dB
	7dB

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

	UE model parameters 
	
	

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

	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)
	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: Provided by company

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

	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.
FFS whether a common algorithm is to be agreed upon.

	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 

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


3.1.1Scenario 3: Outdoor macro deployment with FR1
The evaluation parameters for Outdoor macro scenarios are repeated from the SI TR for convenience in Table 5.  
Table 5: Scenario 3: Outdoor macro (UMa) scenario parameters
	
	FR1 Specific Values 

	Layout 
	Hexagonal grid, 3 sectors per site, 7 or 19 macro sites, ISD = 500m – Note 1
Wrap-around is applied. Note 2

	Total gNB TX power, dBm
	49dBm

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1),  (dH, dV) = (0.5, 0.8)λ – Note 1
Applicable for 2GHz and 4 GHz carrier frequency. Could be reconsidered for 2GHz

	gNB antenna radiation pattern
	Directional, 8dBi – Note 1, Table 6.1.1-5

	Channel model
	UMa scenario – Note 3 

	Penetration loss

	For outdoor UEs: 0dB
For indoor UEs: 20dB+0.5d2D-in – Note 3

	Number of floors, (floor height)
	8, (3m)

	Antenna Height: 
	Uniformly distributed [20-50] m – Note 4 
25m + α, where α~uniform[-5, 25]

	UE Height 
	3(nfl – 1) + 1.5 m – Note 4
where, nfl ~ uniform(1,Nfl) and Nfl = 8 

	UE dropping procedure
	50% indoor and 50% outdoor uniformly distributed over the horizontal area (separate statistic)

	Min. gNB-UE distance (2D), m
	35m

	UE mobility (for modeling Doppler effects)
	For indoor UEs: 3km/h 
For outdoor UEs: 60km/h

	Note 1: 	According to 3GPP TR 38.802
Note 2: 	In case if interference considerations are not properly taken into account for 7 sites companies are encouraged to provide results for 19 sites.
Note 3:     According to 3GPP TR 38.901
Note 4:     According to 3GPP TR 37.857



Further details about the system simulation configurations
1. Simulated bandwidths 5, 10, 50, 100 MHz, Carrier frequencies 2 and 4 GHz
2. Perfect network synchronization and a modeled synch error 50 ns stdev (truncated Gaussian)
3. The positioning is based on NR TRS with comb factor 4, a burst of 2 slots, 20ms periodicity, for 8 periods (i.e. 160ms in total). 
4. Ideal muting
5. The TRS subcarriers are power boosted with a factor of 6dB. 
6. The SNR threshold for link inclusion is chosen such that it minimizes the 80% percentile positioning error over the -20 to 0 dB SNR range.
7. The UE receiver model [7-9] that can be seen as a low complexity time of arrival receiver. The time of arrival resolution is limited by the sampling rate.
The system simulation results are summarized in Figures 1 and 2. From the results, we have the following observations:
[bookmark: _Toc528923378][bookmark: _Toc528931382]The downlink baseline positioning reference signal gives very good results, meeting the FCC E911 requirements of 50m, 80-percentile in the studied scenario for all evaluated bandwidths and with network synchronization errors at 2GHz.
[bookmark: _Toc528923379][bookmark: _Toc528931383]The downlink baseline positioning reference signal also gives very good results for 4 GHz, meeting the FCC E911 requirements of 50m, 80-percentile in the studied scenario for the 50 and 100 MHz bandwidth configurations.



[image: C:\Users\erefgun\AppData\Local\Avecto\Clipboard\UMa_100_50_MHz.png]
Figure 1. NR OTDOA baseline performance in Scenario 3 at FR1, bandwidths 50 and 100 MHz.

[image: C:\Users\erefgun\AppData\Local\Avecto\Clipboard\UMa_10_5_MHz.png]
Figure 2. NR OTDOA baseline performance in Scenario 3 at FR1, bandwidths 5 and 10 MHz.
3.2 Link level simulations, baseline NR TOA performance
In order to analyze the technology potential of the time of arrival performance based on the baseline downlink positioning reference signal, we consider some link level results in addition. These results are based on a more advanced receiver model as is described in [10] based on an iterative approach to enhance the ability the detect the line of sight path.
These results also optionally include interpolation in the time domain to improve the resolution of the time of arrival estimates, compared to the results in the system simulations, that are limited by the sampling rate for the time of arrival resolution. The considered channel model is CDL-D LOS channel model from 3GPP TS 38.901. The simulations are done for bandwidths of 5, 50 and 100 MHz. SNR per subcarrier is varied from -20 dB to 20 dB in steps of 5 dB.
The results are summarized in Figure 3 (for 2 GHz, without interpolation), Figure 4 (for 2 GHz, with interpolation), Figure 5 (for 4 GHz, without interpolation) and Figure 6 (for 4 GHz, with interpolation).

Figure 3. Link level results for carrier frequency of 2 GHz with different bandwidths 5, 50 and 100 MHz. These results are obtained without interpolation, and instead the sampling period resolution is considered.	

Figure 4. Link level results for carrier frequency of 2 GHz with different bandwidths 5, 50 and 100 MHz. These results are obtained by interpolating the sampling period by a factor of 128.	


From Figure 3 and 4, we can deduce the following: 
· For for 5 MHz, TOA accuracy of less than 3m@80% is obtained for all SNR below -20 dB and for SNR -20 dB accuracy is around 7m@80%. Similarly, for 50 MHz bandwidth, TOA accuracy for all considered SNR is below 3m@80%. For 100 MHz bandwidth, TOA accuracy for all considered SNR is below 2m@80% - all performance figures corresponds to an improvement compared to no interpolation.

Figure 5.  Link level results for carrier frequency of 4 GHz with different bandwidths 5, 50 and 100 MHz. These results are obtained without interpolation, and instead the sampling period resolution is considered.

Figure 6  Link level results for carrier frequency of 4 GHz with different bandwidths 5, 50 and 100 MHz. These results are obtained by interpolating the sampling period by a factor of 128.

From Figure 5 and 6 we can again confirm the improvements from interpolation, including the following:
· The results for 5MHz is very similar for the 4 GHz carrier frequency as 2 GHz carrier frequency. TOA accuracy of less than 3m@80% is obtained for all SNR below -20 dB and for SNR -20 dB, accuracy is around 7m@80%.
· For 50 and 100 MHz bandwidth cases, the TOA performance for 4 GHz carrier is slightly better than for 2 GHz carrier frequency. For SNRs better than 0 dB, <1m@80% can be obtained for 50 MHz bandwidth for 80 percentile cases. For 100 MHz bandwidth, SNRs better than -10 dB give <1m@80% TOA precision.
In summary, we can conclude from the link level simulations that UE processing such as an improved detector as well as interpolation improves the TOA resolution – something that will be more important when evaluating positioning accuracy in relatively dense deployments and targeting sub-meter accuracy. We have the following observation:
[bookmark: _Toc528923380][bookmark: _Toc528923505][bookmark: _Toc528931384]The NR downlink baseline positioning performance can be enhanced by considering UE processing such as an improved detector as well as interpolation when estimating the time of arrival.
And proposal
[bookmark: _Toc528923383][bookmark: _Toc528931381]Consider UE processing aspects when evaluating different positioning solutions.
4	Conclusion

In the previous sections we made the following observations: 
Observation 1	The downlink baseline positioning reference signal gives very good results, meeting the FCC E911 requirements of 50m, 80-percentile in the studied scenario for all evaluated bandwidths and with network synchronization errors at 2GHz.
Observation 2	The downlink baseline positioning reference signal also gives very good results for 4 GHz, meeting the FCC E911 requirements of 50m, 80-percentile in the studied scenario for the 50 and 100 MHz bandwidth configurations .
Observation 3	The NR downlink baseline positioning performance can be enhanced by considering UE processing such as interpolation when estimating the time of arrival.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Use the TRS (CSI-RS for tracking) configurations for FR1 in Table 1 and FR2 in Table 2 as baseline, which means that all proposed NR positioning downlink reference signals shall be evaluated with the corresponding baseline of the same bandwidth and on the average utilizing the same number of symbols per time unit.
Proposal 2	Use the SRS configurations for FR1 and FR2 in Table 3 as baseline, which means that all proposed NR positioning uplink reference signals shall be evaluated the corresponding baseline with the same bandwidth and periodicity.
Proposal 3	Consider UE processing aspects when evaluating different positioning solutions.
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