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[bookmark: _Ref408846065][bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction 
In this contribution, we are evaluating the positioning performance for UL-TDOA in InF scenarios. The evaluations are based on the agreements in RAN1#101-e and RAN1#102-e for the baseline and optional complementary parameters. We provide evaluation results on the achievable positioning accuracy and focus on the impact of interference, antenna configuration and UL transmit power.

Simulation setup overview
The simulation setup features are summarized in the following table:
	Parameter
	Description 
	Used for R1-2008709

	Network
	The setup supports different deployment scenarios (ISD, number of BS, hexagon or other grid, ….)
	InF-grid, 20m, 18BS

	Channel 
	All channels as defined by TR38.901
	InF_LOS
InF_NLOS_DH

	Noise
	Noise is inserted after RX-antenna beamforming (assuming the beam forming losses are already included in the antenna virtualization)
	

	LOS/NLOS model
	Random selection of LOS/NLOS receive scenario. The model as defined by 3GPP supports distance dependent LOS probability. 

	Inline with the agreements in RAN1#101-e :
r  = 0.4
hc = 2m
dClutter = 2m

	gNB antenna 
	Different antennas are supported 
· Omni (for comparison)
· 3 panels per BS, 1 element per panel is used, antenna pattern per element (inline with the agreements)
· 3 panels per BS, several beams per panel, beams are generated assuming using the “antenna virtualization” method.
	The used antenna config is defined by the config number Xxx; where  
2xx omni antennas for BS
3xx Three sectors, 1 element per sector 
4xx Three sectors, FR1 antenna panel config, several beams
5xx Three sectors, FR2 antenna panel config, several beams

	UE antenna
	FR1: baseline one Omni
Optional: several antenna elements at different positions of the UE, “ideal antenna element”, “non-ideal antenna element with 5dB gain variation”, 3GPP antenna element
FR2: 4 panels with 4 elements each
- One element/one polarization per panel is used 
- Several elements (and beam forming) per panel 
	For FR1: 
- one Omni
- optional: several antennas 
For FR2: 
- 4 panels (4 elements each), one element is used 
- 4 panels, 3 beams per panels (12 beams total)

	UE dropping
	Different dropping modes including 
· “random dropping”
· Random dropping with short tracks to emulate the movement of the UE in case of sequential measurements. 
· Long tracks (emulating the move movement of the UE and changes of the receive scenario along the track. This mode is especially foreseen for enhanced positioning algorithms using Kalman-Filter
· “group dropping” (UEs sharing the same resources are in the same area
	Random dropping 


	Frequency range
	carrier frequency 
	FR1 (4GHz) and FR2 (28GHz)

	Signal bandwidth and subcarrier spacing
	According to Rel-16
	Default configuration is 100MHz, SCS=30kHz

	SRS pattern
	The preferred configuration depends on the network (ISD), the UE capabilities (available TX-power) and BS antenna gain. 
The COMB factor, number of symbols, staggering on/off, etc. depends on the link budget, the expected delay spread and the level difference of the signals transmitted from different UEs. 
We assume “cyclic shift multiplex” (several UEs share the same REs and are separated by different cyclic shifts only). 
KTC= 4 supports 12 cyclic shift steps. This allows that up to 12 UEs can share the same REs.
KTC= 8 supports 6 cyclic shift steps 
	For InF scenarios there are no/minor link budget issues. Hence 1 OFDM symbol per SRS is sufficient. The delay spread is low. Therefore, high COMB factors can be used. 
Default configuration is KTC = 4, 6 UEs share the same REs (Interference included in all results)

 

	UE antenna ports
	Inline, with Rel-16 we assume for SRS for positioning only one TX-port can be configured. 
The setup supports also UEs with several antennas. Two modes are supported 
· Several SRS resources are configured targeting different UE spatial TX filter. If only one TX-port is allowed, the SRS are transmitted sequential (no interference between SRS of the same UE)
· The UE supports also parallel transmission over several antenna ports (multi-Port SRS transmissions)
	One TXRU is active per OFDM symbol. If different SRS resources are configured as sequential transmission is assumed.

	Beam management
	The simulation setup supports beam management. For positioning purpose we used: 
· The gNB transmits a DL-RS (SSB or DL-PRS)
· The UE reports the signal strength for each received RS
· The spatial relationship for the SRS transmissions is configured accordingly
· The gNB receives the SRS of this beam only. 
	DL-RS signal power based beam selection. 


	Timing advance
	Ideal timing advance setting according to the serving gNB (s-gNB). The nearest gNB is assumed as s-gNB.
Optional: non-ideal timing advance
	Ideal timing advance 

	TX power control
	In case of omni-directional a simplified power control can be used. The configured TX power is a trade-off between the 
· Generated interference 
· Probability that a faraway gNB can detect the signal
To study this tradeoff we use a fixed setting of the TX power per UE and assume 3 power level 
· +23dBm
· 0dBm
· -20dBm
Other TX power control methods (especially methods for UEs using non-omni-antennas) are FFS.
	Constant TX power setting 

	ToA- Measurements
	Cyclic correlation, selection of the time window according the configured cyclic shift, evaluation of the correlation function including threshold based “first arrival path detection” (FAP) and evaluation of the first rising edge of the correlation function (“IFP”). 
Other ToA-Estimators: MUSIC, Machine Learning 
	FAP+IFP

	ToA-Set analysis
	Especially in case of UE-TX antennas with high directivity the signal quality of the different SRS transmissions may be significantly different. It may happen that the FAP can’t be detected (depending on noise and interference). 
If several SRS are transmitted per UE the gNB used a signal power based selection of the ToA measurement further used by the positioning algorithm.
	Quality selection: Signal power 

	LOS-Detection 
	Taking into account the high ToA-error introduced by the ATOA model of TR38.901 it is essential to detect the LOS links. Different concept are currently FFS

	The LOS detection algorithm is under development and not yet used for the simulation.
Ideal LOS detection is assumed 

	Positioning algorithm
	We distinguish “single shot positioning” (= one SRS resource set is used per positioning event) and “positioning with tracking” (e.g. Kalman filter based positioning algorithms. 
As single shot positioning algorithm we use 
· Bancroft
· Levenberg-Marquardt 
	Levenberg-Marquardt



Positioning evaluation 
We compared different configurations to identify relevant enhancements in Rel-17. The methods, signaling and procedures, if needed, are subject to the discussion in agenda item. 8.5.3. 

Impact of gNB antenna configuration 
In the SLS-2D- and 3D-results (Figure 1 and Figure 2) we characterize the performance w.r.t. to the gNB antenna configuration. Three different gNB antenna configurations are considered:
· Config 220: Omni antenna
· Config 320: 3 sectors (3 panels, one element per panel is used)
· Config 420: 3 panels, 5 beams per panel
The UEs assumed for these results are characterized by an omni antenna and a high transmit power (23dBm). An omni-antenna may receive more multipath components, hence Config 420 outperforms the other configurations. The evaluations in the following sections use configuration gNB antenna configuration Config-4xx for the further detailed analysis on the uplink transmit power and the UE antenna assumptions.

Observation 1: 	Using antennas with higher directivity increase the performance. 
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[bookmark: _Ref53753503]Figure 1-CDF 2D (horizontal) error for UTDOA, comparison of different gNB antenna configurations
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[bookmark: _Ref53753505]Figure 2 - CDF 3D error for UTDOA, comparison of different gNB antenna configurations

Impact UE Tx Power in the presence of interference
Due to the low ISD and the high BS antenna gain of the config-4xx configuration a low UE TX-power may be sufficient. We compared for the UE power analysis the following configurations:
· Config 420: +23dBm (applied configuration in Figure 1and Figure 2)
· Config 422: 0dBm
· Config 423: -20dBm

It can be observed from Figure 3 and Figure 4 that a low UE-TX power is sufficient in the InF scenario. In the example we see that for 0dBm shows almost no performance degradation compared to +23dBm.
Observation 2: 	A low UE-TX power is sufficient for gNBs with beam forming in InF scenarios.
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[bookmark: _Ref53774677]Figure 3 - CDF horizontal error for UTDOA, comparison of different UE TX Power levels


[image: ]
[bookmark: _Ref53774682]Figure 4 - CDF 3D error for UTDOA, comparison of different UE Tx Power levels.
For this analysis, we assumed interference between UEs sharing the same RE (“cyclic shift multiplex”). The reported high accuracy performances (with low transmission power) in the presence of interference is not feasible when other interference sources are applied (for example: interference from UEs using different SRS root sequences or data).

Observation 3:	When considering interference, the performance with low TX power is only feasible if UEs sharing the same REs use different cyclic shifts for the same SRS root sequence (“cyclic shift multiplex”)
Proposal 1:	For “low power operation” in combination with interference between positioning-SRS resources, cyclic shift enhancements shall be considered in Rel-17.

Supporting “TX antenna diversity”
The baseline simulation in FR1 assumes an omni-directional antenna. If a low TX power is used the gain variation of a non-ideal UE antenna becomes critical. To study this effect we compare
· Config 423: 	Low power (-20dBm) operation (as above)
· Config 422: 	Medium power (0dBm) operation (as above)
· Config 444:	Low power operation, 4 identical UE antennas, the 4 antennas are at different position at the UE, sequential transmission of the 4 SRS resources. 
· Config 443: 	Low power operation, 4 non-ideal UE antennas (app. 5dB gain variation), the 4 antennas are at different position at the UE, sequential transmission of the 4 SRS resources
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Figure 5 - CDF horizontal error (with LOS detection),
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Figure 6 - CDF 3D error for UTDOA (with LOS detection),


Observation 4: 	Using TX-diversity (4 transmissions at -20dBm from different antennas) shows a similar performance as single port transmission with 0dBm.
Multi-port SRS transmission reduces the number of OFDM symbols needed compared to sequential transmission.
Proposal 2: 	Support multi-port transmission in Rel-17.

Uplink beam management evaluation
Tx-Rx Beam pair selection criteria 
One important criteria for uplink based methods (UL-TDOA, multi-RTT) using beam based operation is the choice of the Tx-Rx beam pair for timing. We compared: 
- Config 420: CIR analysis is used for the beam selection/spatial relationship establishment 
- Config 421: only power (LOS power and multipath power) is used for selection of the spatial relationship (a beam with low gain for the LOS  path was selected) 
Figure 9 and Figure 10 show that an efficient beams management needs more than the analysis of total power as a base for selection. An approach for selecting the links based on RSRP reports is not reliable for positioning (Config 421). For better establishing the spatial relationship several methods can be considered. In Config 420 we implemented an enhanced method (not supported in Rel-16) evaluating the CIR and using the power of the first arriving taps only.
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Figure 7 - CDF horizontal error UTDOA, Beam pair selection

[image: ]
Figure 8 - CDF 3D error for UTDOA, Beam pair selection




Observation 5: 	The beam selection and spatial relationship establishment criteria have major impact on the performance.

 “Narrow” TX beams
For FR2, the UE may use antenna panels with narrow TX beams [2]. For positioning, each transmit direction may be required. This may demand many SRS resources and advanced ToA analysis at the TRP. To study the performance of a UE with narrow beams compared to a UE with “omni like pattern” we implemented FR2 like antenna panels also at FR1 to evaluate the beam management and spatial relation configuration.
We compared: 
· Config 447: 4 antenna panels (similar to FR2) at FR1, one element per panel is used (i.e.. the element has a beam width of app. 120deg) 
· Config 552: Same config at FR2; for FR2 a higher TX power is assumed to compensate the higher pathloss at FR2
· Config 423: For reference, a FR1 configuration with low TX power
With an ideal beam management and ToA analysis a configuration with (many) narrow beams should perform equal or better than a configuration with wide beams (and low TX power). 
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[bookmark: _Ref53776571]Figure 9-CDF horizontal error UTDOA (with LOS detection), FR2 Tx Beams
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[bookmark: _Ref53776575]Figure 10 - CDF 3D error for UTDOA, FR2 Tx Beams

Observation 6: 	When applying narrow beam antenna configuration in FR2 over multiple SRS resources, and in the presence of interference, a degradation in the positioning performance is observed. In case of several TX beams a RTOA selection/combining strategy is required. This algorithm may need further enhancements.





Conclusions 
We conclude with the following observations and proposals:
Observation 1: 	Using antennas with higher directivity increase the performance. 
Observation 2: 	A low UE-TX power is sufficient for gNBs with beam forming in InF scenarios.
Observation 3:	When considering interference, the performance with low TX power is only feasible if UEs sharing the same REs use different cyclic shifts for the same SRS root sequence (“Cyclic shift multiplex”)
Observation 4: 	Using TX-diversity (4 transmissions at -20dBm from different antennas) shows a similar performance as single port transmission with 0dBm.
Observation 5: 	The beam selection and spatial relationship establishment criteria have major impact on the performance. 
Observation 6: 	When applying narrow beam antenna configuration in FR2 over multiple SRS resources, and in the presence of interference, a degradation in the positioning performance is observed. In case of several TX beams a RTOA selection/combining strategy is required. This algorithm may need further enhancements.


Proposal 1:	For “low power operation” in combination with interference between positioning-SRS resources, cyclic shift enhancements shall be considered in Rel-17.  
Proposal 2: 	Support multi-port transmission in Rel-17.
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Annex

[bookmark: _Hlk49194685]Table 8.1.1.1.1-1: Rel.16/17 NR positioning - evaluation scenarios and parameters
	Parameter
	[Case ID], [Scenario], [Frequency Band], [Technique]

[bookmark: _GoBack]Configs 22x
	[Case ID], [Scenario], [Frequency Band], [Technique]

Configs 32x 
	[Case ID], [Scenario], [Frequency Band], [Technique]

Configs 42x

	Channel model (baseline, otherwise state any modifications)
	InF_LOS
InF_NLOS_DH

	Carrier frequency 
	4 GHz

	Subcarrier spacing
	30kHz

	Reference Signal Transmission Bandwidth
	100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	KTC = 4
nbSymb = 1

	Reference signal 
(type of sequence, number of ports, …) 
	SRS,
1 Port

	Number of sites
	18, Omni
(dual polarized)
	18, 3 panels (1 panel per sector), one dual-polarized antenna element per panel is used
	18, 3 panels, 5 dual polarized beams per panel 

	Number of symbols used per occasion
	1

	number of occasions used per positioning estimate
	1

	Power-boosting level
	6dB (KTC = 4)

	Uplink power control (applied/not applied)
	Constant TX power setting, 
TX power = 23dBm, 0dBm, -20dBm

	interference modelling (ideal muting, or other)
	Interference between 6 UEs sharing same REs

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	- Detection of first arriving path (FAP) by threshold relative to peak.
- Rising edge analysis of FAP.

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

	Network synchronization assumptions
	ideal

	UE/gNB Tx/Rx 
Calibration Error
	Not applicable

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	None
	gNB transmits DL-RS signals on all DL beams, 
UE reports received signal strength on DL-RS, 
gNB selects 1 beam (with two polarization) for measurements

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	None
	None
	Virtualization model: 1 TXRU per panel per polarization dimension

	Additional notes, if any
	 
	
	








	Parameter
	[Case ID], [Scenario], [Frequency Band], [Technique]

Configs 44x
	[Case ID], [Scenario], [Frequency Band], [Technique]

Configs 54x 
	[Case ID], [Scenario], [Frequency Band], [Technique]

Configs 62x

	Channel model (baseline, otherwise state any modifications)
	InF_LOS
InF_NLOS_DH

	Carrier frequency 
	4 GHz
	28GHz
	28GHz

	Subcarrier spacing
	30kHz
	
	

	Reference Signal Transmission Bandwidth
	100MHz
	100MHz
	400MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	KTC = 4
nbSymb = 1
	
	

	Reference signal 
(type of sequence, number of ports, …) 
	SRS,
1 Port
	
	

	Number of sites
	18, 3 panels, 5 dual polarized beams per panel 

	18, 3 panels, 7 (4 far, 2 medium coverage, 1 narrow) dual polarized beams per panel 

	

	Number of symbols used per occasion
	4
(sequential transmission)
	4 
	

	number of occasions used per positioning estimate
	1 
	1
	

	Power-boosting level
	6dB (KTC = 4)

	Uplink power control (applied/not applied)
	Constant TX power setting 
TX power = 23dBm, 0dBm, -20dBm

	interference modelling (ideal muting, or other)
	Interference between 6 UEs sharing same REs

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	- Detection of first arriving path (FAP) by threshold relative to peak
- Rising edge analysis of FAP

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

	Network synchronization assumptions
	ideal

	UE/gNB Tx/Rx 
Calibration Error
	Not applicable

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	gNB transmits DL-RS signals on all DL beams, 
UE reports received signal strength on DL-RS, 
gNB selects 1 beam (with two polarization) for measurements according reported DL-RS strength

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Virtualization model: 1 TXRU per panel per polarization dimension

	Additional notes, if any
	
Different UE antenna assumptions
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