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Introduction
 In this contribution, we provide a summary of the contributions in section 7.2.10.1.4 of the agenda for RAN1#1901AH.  The source contributions are cited in reference [1]-[11]. The summary is organized by techniques, based on the RAN1 chairman’s notes from RAN1#95[X] regarding the agreed methods to be investigated. Based on the contributions content, the following was covered by the agenda item:
Downlink methods:
· Timing based techniques 
· Timing of arrival path(s): (downlink OTDOA)
· Angle-based techniques
· Downlink angle(s) of departure   
Uplink methods
· Timing based techniques 
· Timing of arrival path(s) (UTDOA)
· Angle-based techniques 
· Uplink angle(s) of arrival   

Uplink-downlink methods
· Timing based techniques
· Round trip time measurement including support for multiple TRPs
· Combination of DL and UL techniques for NR positioning
· e.g. E-CID like techniques (including one or multiple cells)
[bookmark: _Ref178064866]	Summary of system level performance
General observation and template for gathering results
11 contributions were presented in this agenda item.  In order to assess each performance number provided against each other and do a fair evaluation, it is important to have all the needed information that can give context to the reader of the TR. As track for discussion, we list the following information which could provide more context to results:
· Channel bandwidth
· number of symbols used per occasion
· number of occasions used per positioning estimate
· RE pattern (e.g. by referring to figure)
· Power-boosting level
· If interference is modelled (ideal muting)
· Level of frequency reuse utilized (e.g. comb size)
· Level of time reuse utilized (e.g. by muting)
· Horizontal or Vertical accuracy
· Other parameters to be listed?

[bookmark: _Toc535809363]Discuss how to fairly compile the results of the system simulations for inclusion in the TR.
In [14][15] a template for reporting the results and simulations assumptions / parameters was discussed. It is proposed to discuss further the template for result and assumptions summary. 
The assumptions could be gathered by techniques (downlink, uplink, downlink+uplink), and for each technique, a separate table could be given to details of the parameters of each company’s simulation (the parameters list could follow the one discussed in section 2.1). alternatively, all assumptions for all techniques could be included in the same table. The table template for simulation assumption is given in table 1 (reproduced from [15]). The content of the Parameter column is for discussion, with additional candidate parameters among the list listed above. 
For performance results, it is proposed to break down by techniques first, and then by scenarios. for each scenario and for FR1 and FR2, respectively a table of performance should be given. It is also proposed to separate vertical and horizontal positioning results. A template on how to organize the results in the TR is given in appendix.  
The results given in contributions are in the form of CDFs as well as tables for specific percentile. A methodology to align the result presentation was given by [15] in order to have multiple sources CDFs presented together. It is proposed to use this methodology as a starting point to discuss how to present CDF results. Additionally, each set of results for the 80th percentile could be summarized in a table.

	Parameter
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5

	Reference Signal Transmission Bandwidth
	
	 
	 
	 
	 

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	
	 
	 
	 
	 

	Number of symbols used per occasion
	
	
	
	
	

	number of occasions used per positioning estimate
	
	
	
	
	

	Power-boosting level
	
	
	
	
	

	Horizontal or Vertical accuracy
	
	
	
	
	

	If interference is modelled (ideal muting)
	
	
	
	
	

	Level of frequency reuse utilized (e.g. comb size)
	
	
	
	
	

	Description of Signal Location Parameter(s) Measurement Algorithm and Reporting Assumptions
	
	 
	 
	 
	 

	Description of positioning technique / applied positioning algorithm
	
	 
	 
	 
	 

	Network synchronization assumptions
	
	 
	 
	 
	 

	Additional notes, if any
	 
	 
	 
	 
	 


Table 1 template for capturing simulation assumptions, based on [15]
[bookmark: _Toc535809364]Discuss a template for capturing simulation assumptions with a starting point based on table 1.
 Discuss whether there should be a separate table per technique or if all techniques should be in the same table.
[bookmark: _Toc535809365]Separate vertical and horizontal positioning results
[bookmark: _Toc535809366]Discuss summarizing the results for each technique and scenario using the 80percentile performance in a table compiling all sources for a given technique and scenario. 
[bookmark: _Toc535809367]Discuss summarizing the results for each technique and scenario using a CDF compiling all sources for a given technique and scenario. 

Summary of contributions on Downlink simulations
Two methods were simulated, namely OTDOA and downlink angle of departure, with OTDOA discussed by 10 contributors [1][2][3][4][5][6][7][8][9][11]  and downlink AOD discussed by [1]. Simulations results have been shown in CDF as well as tabular form. 
In [1], the simulation campaign covers the agreed scenarios (Uma indoor and outdoor UEs, Umi, Indoor hotspot). Both FR1 and FR2 are simulated for bandwidth from 5 to 100MHz (FR1) or 100-400MHz, respectively. Synchronization error is included as part of the study. The studied signal is the LTE PRS using 1slot, 4 occasions, 20ms periodicity and 7.8dB of power boosting.  It was observed that OTDOA could meet regulatory requirements, and that OTDOA with perfect synch could meet commercial requirements. It was observed/proposed that OTDOA in Umi scenario is recommended for commercial use cases.   
In [2] the simulation was done on the 3 agreed scenarios (Uma, Umi, Indoor hotspot). The contribution considers FR1 and FR2, with maximum bandwidth (100MHZ FR1, 400MHz FR2 respectively). Multiple PRS new patterns are investigated including the already existing NR TRS and LTE PRS.  It was observed that for perfect conditions, OTDOA can meet horizontal accuracy requirements (based on LTE PRS pattern simulations). Further, the impact of synchronization error was noted. Finally, it was observed that Indoor scenario is more sensitive to measurement error than outdoor scenario. [2] observes that one symbols RS may not be a good choice for positioning, and that as the bandwidth increase, the overhead of PRS pattern can be reduced.  
In [3], Uma and Umi scenarios are considered for FR1, 20MHz bandwidth. 7 different RS patterns are simulated, with consideration given to perfect muting (where each cell transmit their symbols in different time), and no muting (cells may interfere based on frequency reuse/comb factor). Network synchronization is also evaluated. [6] notes that 6-comb for transmission is less prone to colliding opportunity than that by using 4-comb for transmission. It is also noted that the comb-6 structure, the performance difference between the equivalent comb-2 and the equivalent comb-1 pattern is quite small.  For the comb-4 structure, it is observed that TDM for transmission between different cells needs to be well planned as compared to the comb-6 structure. It is noted that larger RS overhead is needed for the comb-4 structure than for the comb-6 structure to achieve same performance. Finally, for the Umi case, when the network sync error is added, it is observed that the requirement of 10m horizontal error for 80% UEs can’t be met.

 In [4], the LTE PRS was considered, for FR1 over 2 different bandwidths (5, 50MHz). the 3 agreed scenarios were treated. In 3 observations it was noted that Umi, and cases with 50Mhz bandwidth can meet requirements for the regulatory use case, while Uma with 50Mhz cannot. 

In [5], a full bandwidth RS is assumed, for 5MHz and 100MHz bandwidth, respectively. the agreed scenarios (Uma indoor and outdoor UEs, Umi, Indoor hotspot) are simulated. Network synchronization is treated. Multiple observations are made, comparing OTDOA with other techniques (see section 2.5). 
In [6], 3 bandwidths for Uma, FR1 are considered for simulation. It is observed that for 5MHz, 10MHz, and 20MHz BW for PRS transmission, regulatory requirement (Horizontal positioning error <= 50m for 80% of UEs) can be met.
In [7] full bandwidth PRS is considered using 1 symbol and perfect muting with isolation dedicating a symbol to a given cell. Network synchronization is discussed. 
In [8], the LTE PRS is considered. Perfect muting and network synch are assumed. Uma, Umi, InH scenarios are simulated for FR1 and FR2. Bandwidths are 5MHz (only for FR1) and 100MHz. it is noted that for the Urban Micro scenario, with the proposed BLADE positioning algorithm and at FR2 the performance of OTDOA exceeds the regulatory requirements and may achieve the requirements for some commercial use cases. Moreover, in the Indoor Office scenario, at FR2, the performance of OTDOA may achieve the requirements for commercial use cases. It is also noted that advanced algorithms (such as the mentioned BLADE) can improve performance of OTDOA. At FR2, it is further noted that RSTD measurement accuracy at FR2 is quite good and leads to increased potential positioning accuracy using OTDOA. Finally, it is noted that OTDOA can meet the regulatory requirements for NR positioning.   
In [9], TRS as well as PRS are simulated for 5MHz and 100MHz bandwidth in Uma, Umi for both indoor and outdoor UEs, using full bandwidth signals. It is noted that more details regarding default PRS pattern, PRS repetition, etc., should be defined since link level abstraction is not applicable. In performance, it is noted that for Uma FR1, the E911 requirement can be achieved by OTDOA using both PRS and TRS for wide bandwidth, e.g., 100 MHz, even though PRS outperforms TRS in terms of positioning accuracy. For narrow bandwidth, the E911 requirement can be achieved by OTDOA using PRS but not TRS. Further, for Umi FR1, the positioning accuracy requirement for commercial use cases can be achieved by OTDOA using PRS, while for FR2 TRS can be used. Finally, for InH FR1, the positioning accuracy requirement for commercial use cases can be achieved by OTDOA using PRS or TRS. 
In [11] TRS, extended TRS and a comb 6 staggered NR PRS pattern are considered. Uma, Umi, and indoor open office are simulated. The bandwidth treated is 10, 50, 100 and 400MHz (FR2 only for 400MHz). it is noted that TRS with 10 MHz bandwidth in FR1 is enough to satisfy FCC positioning requirement for horizontal accuracy. Moreover, it is also noted that TRS, extended TRS, and NR PRS signals transmitted with equal positioning overhead provide comparable positioning accuracy. Finally, it is observed that in an indoor open office scenario, UTDOA provides better accuracy than OTDOA. 
Some companies made observation based on their simulation regarding the FCC compliance of pre-existing reference signal (e.g. TRS). [5,12], or more generally [1] stated that OTDOA was suitable to pass FCC compliance. Similarly, some companies mention suitability for commercial application.
The downlink AOD methods was cited as suitable for positioning solutions in the InH scenario in [1].

Summary of contributions on uplink simulations
The UTDOA technique is covered in [1][4][5][7][8][10][11]. Angle based UDOA methods are also mentioned in [1][5]. Simulations results have been shown in CDF as well as tabular form. For UTDOA, the SRS is the only signal that was evaluated. Different settings in number of symbols, comb size, bandwidth, etc are evaluated. It is thus proposed to discuss how to present and compare the different results. 
In [1], the simulation campaign covers the agreed scenarios (Uma indoor and outdoor UEs, Umi, Indoor hotspot). Both FR1 and FR2 are simulated for bandwidth from 5 to 100MHz (FR1) or 100-400MHz, respectively. Synchronization error is included as part of the study. The studied signal is the NR SRS using comb 4, 1slot with 4 SRS symbols, 4 occasions, 20ms periodicity and 6dB of power boosting.  It was observed that UTDOA could meet regulatory requirements, and that UTDOA with perfect synch could meet commercial requirements. It was observed/proposed that UTDOA in Umi scenario is recommended for commercial use cases.   
In [4], the SRS with full bandwidth, comb 4, 4 symbols per slot, was considered. The simulation was done FR1 over 2 different bandwidths (5, 50MHz). the 3 agreed scenarios were treated. In 3 observations it was noted that Umi, with 50Mhz bandwidth can meet requirements for the regulatory use case, while Umi with 5Mhz cannot. 
 
In [5], the reference signal is full bandwidth, 1-symbol PRS using 5MHz and 100MHz bandwidth, respectively. The agreed scenarios (Uma indoor and outdoor UEs, Umi, Indoor hotspot) are simulated. Network synchronization is treated. Multiple observations are made, comparing uTDOA with other techniques (see section 2.5). 
In [8], the SRS is considered using two symbols per slot and 1 slot. Single Port SRS is used. Perfect network synch is assumed. Uma, Umi, InH scenarios are simulated for FR1 and FR2. Bandwidths are 5MHz (only for FR1) and 100MHz. It was observed that in the Uma scenario and 5Mhz bandwidth UTDOA measurement exceeds the accuracy requirements, while the BLADE algorithm in the wide BW (100MHz) shows feasible performance. It is noted that using advanced positioning calculation algorithms (e.g., BLADE) can significantly improve the performance of UTDOA in this scenario. For indoor hotspot scenario, it was noted that the BLADE algorithm shows feasible performance and meets the regulatory requirements. In the Umi scenario, the narrow bandwidth UTDOA measurement exceeds the accuracy requirements, while the BLADE algorithm in the wide BW shows feasible performance. Finally, it was noted that UTDOA makes feasible positioning performances meeting the NR positioning requirements, based on the simulations performed. Moreover, it was also noted that Further UTDOA performance needs to be studied based on NR SRS baseline in FR1 and FR2 through SI.
In [10], mixed and open office scenarios are considered. The reference signal is SRS, with bandwidth from 5 to 100MHz and perfect synchronization is assumed. From simulation results it was noted that overall performance depends on the quality of the estimation classes for both TOA and TDOA positioning methods.it is observed that a high-class estimator can in many cases relax the bandwidth requirements to achieve certain accuracy level. Some RAN2-related observations were made: it is noted that the LMF needs to know the estimation class from different gNBs in UL and that the knowledge of these properties enables the central positioning engine to optimally consider the provided estimates. This has an impact on RAN2. 
 In [11], the SRS is considered, using 9 occasions with 1 slot, comb 4 and 4 symbols. Indoor open office is simulated. The bandwidth treated is 100MHz.it was noted that	in an indoor open office scenario, UTDOA provides better accuracy than OTDOA.

Summary of contributions on Uplink downlink simulations
[5], [10] and [7] provided evaluations on RTT.  In [5] the same wideband reference signal as for UTDOA and OTDOA was used for analysis. It was also assumed that there is no inter-cell interference in the system during reference signal transmission. In [10], similarly to UTDOA the reference signal is SRS, with bandwidth from 5 to 100MHz and perfect synchronization is assumed. Finally, for [7] a full bandwidth PRS is used, with ideal PRS muting applied and network synchronization is considered. 
In [7] it was noted that for multi-RTT approach, the positioning error is not affected by the network synchronization.   
Summary of observation between methods
In [5], several observations were done, comparing multiple techniques:
Under perfect network synchronization assumptions for NR positioning evaluation in FR1:
- DL only D-TDOA positioning technique outperforms U-TDOA and RTT in Uma scenario with ISD = 500m (Scenario 3), where both U-TDOA and RTT based techniques suffer from UL link budget constraints
- RTT positioning technique outperforms or show similar performance in dense deployment scenarios such as Indoor Open Office (Scenario 1) and Umi Street Canyon (Scenario 2)
- UL only AoA positioning technique shows quite accurate performance in Open Office environment (where multiple LOS links exist), although performance is worse comparing to timing-based positioning techniques (RTT, U-TDOA, D-TDOA)
- RAT dependent NR positioning techniques operating in FR1 can meet regulation and selected by RAN1 commercial requirements in agreed evaluation scenarios
- Performance of RAT-dependent positioning techniques can be further improved if received signal waveform reporting is supported [4]
Under agreed network synchronization error assumptions for NR positioning evaluation in FR1:
- D-TDOA and U-TDOA positioning techniques are sensitive to network synchronization errors, especially in case of wideband signal transmission (100MHz)
- RTT and U-AoA techniques are not sensitive to network synchronization error, however their performance in sparse scenarios may suffer from link budget constraints
- Regulatory requirements on horizontal positioning error can be met even if network synchronization error is modelled in considered NR positioning evaluation scenarios
- In order to meet commercial requirements for certain NR positioning techniques (D-TDOA/U-TDOA), the more stringent requirements on network synchronization error need to be imposed
Under perfect network synchronization assumptions for NR positioning evaluation in FR2:
- RTT positioning technique outperforms U-TDOA and D-TDOA in Open Office scenario, where both U-TDOA and D-TDOA based techniques have similar positioning performance
- D-TDOA positioning technique outperforms U-TDOA and RTT in Umi scenario (Scenario 2), where both U-TDOA and RTT based techniques start to suffer from UL link budget constraints
-NR positioning performance in FR1 (with 100 MHz BW) is comparable with NR positioning performance in FR2 under the same bandwidth (with 100 MHz BW). At the same time positioning in FR2 has higher complexity and require more resources to compensate link budget loss, however it can further benefit from wider bandwidth.
Under agreed network synchronization error assumptions for NR positioning evaluation in FR2:
- D-TDOA and U-TDOA positioning techniques are sensitive to network synchronization error and more strict synchronization requirements are needed to extract more benefits from TDOA based positioning
- RTT based positioning technique is not sensitive to network synchronization error, however the performance in FR2 is limited by UL coverage and number of reference cells that can be used for positioning
In [5], it was noted that in an indoor open office scenario, UTDOA provides better accuracy than OTDOA.
In [7] it was noted that when synchronization error is modeled (T1=50 nsec), multi-RTT demonstrates better performance compared to UTDOA. In the perfect synchronization scenario, multi-RTT demonstrates consistently approximately equal or better performance compared to uTDOA.
As can be seen, multiple companies have drawn conclusions on techniques and their applicability to meet regulation requirements and / or commercial requirements. There are several and observation proposal in that effect. However, it seems more constructive to conduct discussion on these conclusions during the sessions for downlink, uplink, and uplink+downlink techniques (agenda items 7.2.10.1.1, 7.2.10.1.2, 7.2.10.1.3, respectively). 
[bookmark: _Toc535809368]Discuss technical conclusions brought out in the 7.2.10.1.4 contributions in the applicable agenda item regarding techniques for positioning (7.2.10.1.1, 7.2.10.1.2, 7.2.10.1.3, respectively).
Conclusion 
In this contribution we summarized the contributions for AI 7.2.10.1.4. the following was proposed as tracks for discussion:
Proposal 1	discuss how to fairly compile the results of the system simulations for inclusion in the TR.
Proposal 2	Discuss a template for capturing simulation assumptions with a starting point based on table 1. Discuss whether there should be a separate table per technique or if all techniques should be in the same table.
Proposal 3	Separate vertical and horizontal positioning
Proposal 4	Discuss summarizing the results for each technique and scenario using the 80percentile performance in a table compiling all sources for a given technique and scenario.
Proposal 5	Discuss summarizing the results for each technique and scenario using a CDF compiling all sources for a given technique and scenario.
Proposal 6	Discuss technical conclusions brought out in the 7.2.10.1.4 contributions in the applicable agenda item regarding techniques for positioning (7.2.10.1.1, 7.2.10.1.2, 7.2.10.1.3, respectively).
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Appendix: TR skeleton for section 8
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Editor’s Note: To be determined. Evaluate physical layer design options, measurements, and/or any additional impacts or enhancements, as applicable per technology, for RAT-dependent and RAT-independent positioning systems, including suitable frequencies and signals.
0.1. Downlink evaluations
0.1.1. System simulations for Uma scenario
Table 3 OTDOA 80percentile system simulation result in Uma, horizontal positioning
	Uma
	80%, FR1

	Company A
	

	Company B
	



Similar tables to be added for DAOD methods, vertical positioning, or other downlink methods. 
[image: ]
0.1.2. System simulations for Umi scenario
Table 3 80percentile system simulation result in Uma
	Umi
	80%, FR1
	80%, FR2

	Company A
	
	

	Company B
	
	



Similar tables to be added for DAOD methods, vertical positioning, or other downlink methods. 
0.1.3. System simulations for Indoor office scenario
Similar structure as 8.1.2
0.2. Uplink evaluations
Similar structure as 8.1
0.3. Downlink+uplink evaluations
Similar structure as 8.2
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