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Introduction
In RAN4#92-Bis meeting, there were extensive discussions on the gNB requirements for NR positioning around the Way Forward in [1] which was noted. From chairman’s meeting minutes, the following were agreed:
Agreements
gNB measurement requirements
· Further discuss whether and how to define gNB measurement requirements
· Open questions
· Necessity of requirements 
· Applicability to different BS types
· Requirements types (e.g. UL RTOA, UL SRS-RSRP, gNB Rx-Tx time difference, AoA and ZoA)



In this paper, the necessity of gNB requirements for NR positioning and the requirement types are further discussed. In particular, we elaborate on the impact of lax network synchronization and calibration error on TDOA and multi-RTT positioning techniques, respectively. Both positioning techniques are adopted for Release 16 per NR positioning WID [2].  For reference, the regulatory and commercial requirements for Release 16 NR positioning are reproduced here from TR38.855:
For regulatory use cases, the following requirements are considered as a minimum performance targets for NR positioning: 
-	Horizontal positioning error <= 50m for 80% of UEs
-	Vertical positioning error <5 m for 80% of UEs
-	Note: The regulatory requirements of [36] refer to floor level vertical accuracy
-	End to end latency and TTFF < 30 seconds
As a starting point for commercial use cases, the following requirements are considered as performance targets for RAT dependent solutions, which are subject to further analysis in terms of performance/ complexity tradeoffs of NR positioning radio-layer solutions:
-	Horizontal positioning error < 3m for 80% of UEs in indoor deployment scenarios
-	Vertical positioning error < 3m for 80% of UEs in indoor deployment scenarios
-	Horizontal positioning error < 10m for 80% of UEs in outdoor deployments scenarios 
-	Vertical positioning error < 3m for 80% of UEs in outdoor deployment scenarios
-	End to end latency < 1s


NW phase synchronization
 Impact on TDOA
Network phase synchronization error induces a timing offset in slot boundaries of different TRP’s transmitting DL PRS. UE, unaware of this timing offset, measures and reports RSTDs with cumulative effect of propagation delays and timing offsets. The positioning algorithm, therefore, incurs an estimation error or bias in the positioning fix that grows as the timing synchronization error increases. 
This effect is well known and was even part of the SI in TR38.855. In Table 6.1.1-1 of TR38.855 under the common scenario parameters applicable to all studies scenarios, network synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) RMS values between a gNB 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, i.e., the range of timing errors is [-T2, T2]. The scenarios were studies with two values for T1:
· T1 = 0ns (perfect NW synchronization)
· T1 = 50ns

Summary of evaluation results from all the sources can be found in Section 8.5 of TR38.855. For instance, in scenario 2 (UMi), the following summary is captured:
8.5.1.2  Summary for Scenario 2 – UMi 

For the UMi scenario, channel models and simulation assumptions, the following can be observed for horizontal accuracy as described in section 5 of the TR for regulatory and commercial requirements: 

- For scenario 2 the evaluations from 12 out of 12 sources showed that DL-TDOA can meet the regulatory requirements for FR1 and FR2. 

- For scenario 2, the evaluations from 12, out of 12 sources showed that DL-TDOA can meet the commercial requirement, when no synchronization error is included in the evaluation for FR1 and FR2. 

- When synchronization error is modeled, the DL-TDOA evaluations from 0 out of 6 sources showed the commercial requirements as described in section 5 of the TR can be met for FR1 and FR2.

Hence, while all sourcing companies demonstrated that both regulatory and commercial requirements can be met in UMi scenario in FR1 and FR2 with perfect NW synchronization, none showed a satisfactory outcome with NW synchronization error. 
Here, we provide further system level simulation results evaluating the impact of NW synchronization error in scenario 2 for both FR1 and FR2 from the perspective of regulatory requirements which is even more relaxed compared to commercial requirements. 
Figure 1 plots the distribution of positioning error as a function of T1, NW synchronization error, in Scenario 2 (UMi) for FR1 with comb-2, 2-symbol PRS, 100 MHz bandwidth, and PRS occasion periodicity of 160ms. Most of the assumptions in SI are valid here as well. In FR1, gNB is assumed to have 8 beams for DL PRS transmission and perfect PRS muting is also assumed. 
The plots show that 80-percentile positioning error in scenario 2 are:
· 14 m with T1=0 ns
· 27.5 m with T1=50 ns
· 49.6 m with T1=100 ns
· 70.2 m with T1=150 ns

In other words, with NW synchronization error greater than T1=100 ns, even regulatory requirements (<50 m) cannot be met. The existing synchronization requirements is significantly larger than what is required for positioning. 
Observation 1. With no synchronization error, 80-percentile 2D positioning accuracy requirement for the simulated UMi scenario in FR1 is 14m. With NW synchronization error greater than T1=100 ns, even regulatory requirements (<50 m) cannot be met for UMi scenario in FR1. 
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Figure 1 Impact of NW synchronization error on NR positioning performance – UMi FR1
Figure 2 plots the distribution of positioning error as a function of T1, NW synchronization error, in Scenario 2 (UMi) for FR2 with comb-2, 2-symbol PRS, 400 MHz bandwidth, and PRS occasion periodicity of 160ms. Most of the assumptions in SI are valid here as well. In FR2, gNB is assumed to have 64 beams for DL PRS transmission and perfect PRS muting is also assumed. 
The plots show that 80-percentile positioning error in scenario 2 are:
· 13 m with T1=0 ns
· 30.6 m with T1=50 ns
· 51.5 m with T1=100 ns
· 69 m with T1=150 ns

This is a similar outcome as in FR1 despite 400MHz PRS BW. With NW synchronization error greater than T1=100 ns, even regulatory requirements (<50 m) cannot be met. The existing synchronization requirements is significantly larger than what is required for positioning. 
Observation 2. With no synchronization error, 80-percentile 2D positioning accuracy requirement for the simulated UMi scenario in FR2 is 13m. With NW synchronization error greater than T1=100 ns, even regulatory requirements (<50 m) cannot be met for UMi scenario in FR2. 
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Figure 2 Impact of NW synchronization error on NR positioning performance – UMi FR2
 Further discussion
In [3], some observations were list to counter-argue the need for gNB requirements. It was mentioned that NW is homogenous compared to UE population and will exhibit a similar receiver performance and thus specification of minim performance requirements has not the same relevance as for DL. We disagree with this point and believe a homogenous NW can still exhibit a consistently poor performance in NR positioning due to large NW phase sync error and thus a minimum performance requirement is needed to prevent it. Furthermore, it was mentioned that NW may apply a combination of positioning technologies to satisfy positioning performance requirements and thus setting requirements for one positioning technique is not an objective. We also disagree with this point; combination of positioning technologies typically yields more measurements (RAT dependent and independent) by UE. This effectively means imposing more complexity and power consumption on UE to alleviate shortcomings of the NW. 
[3] also cites LTE precedent for not having defined any eNB requirements in OTDOA positioning. We point out that NR positioning performance requirements are more stringent compared to LTE. Moreover, the lack of any eNB requirements in LTE positioning has resulted in very limited deployment of this once-promising technology across the world. By taking a similar path in NR and not defining any gNB requirements, the faith of TDOA in NR will not be any brighter.  
Nevertheless, it is understood that NW phase synchronization was also discussed in R15 timeframe and it was concluded that significant tightening of MRTD compared to earlier releases in LTE (i.e., 3 us) has challenges. In our view, RAN4 should discuss what can realistically be achieved for improving MRTD requirements as it directly impacts the DL-TDOA performance. If gNB phase synchronization requirements remain at R15 level, RAN4 work on DL-TDOA requirements should be deprioritized compared to other positioning techniques. For instance, multi-RTT positioning technique does not require tight synchronization among cells and can be pursued with higher priority in RAN4. We will discuss this in the next section.
Proposal 1. RAN4 to discuss gNB phase synchronization error requirements for TDOA positioning technique. If gNB phase synchronization requirements remain at R15 level, RAN4 work on DL-TDOA requirements should be deprioritized compared to other positioning techniques.
 Calibration error in multi-RTT
RTT relies on UE Rx-Tx and gNB Rx-Tx measurements to estimate the distance of UE from each gNB. More precisely, the distance  can be estimated as:

where  is the speed of light. RTT measurements from multiple cells can be used in triangulation to estimate the UE position (Figure 3, left). Alternatively, a single gNB RTT measurement can be augmented by another measurement such as AoD to fix the position (Figure 3, right). 
	

	



Figure 3 Multi-RTT (left) and single-RTT (right) positioning

In contrast to TDOA-based methods, RTT-based positioning does not require very tight synchronization among cells. However, calibration error and group delay variation in both UE and gNB are main sources of impediments. Figure 4 illustrates the group delay terms on the Rx and Tx path of both UE and gNB that contribute to RTT measurement inaccuracy.
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Figure 4 Calibration error and group delay variation in RTT
The accuracy of an RTT measurement is impacted by calibration errors in gNB Rx and Tx paths ( and ) and calibration errors in UE Rx and Tx path ( and ). In multi-RTT, a main part of the UE group delay can be cancelled through differential computation. Figure 5 illustrates this concept wherein  is the real RTT with respect to i-th gNB, is the group delay component common to all RTTs,  is the group delay error term specific to i-th RTT, and  is the group delay error for i-th gNB. In differential computation, the term can be eliminated leaving more budget for other terms. 
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Figure 5 Differential RTT and group delay
We present a preliminary analysis on the calibration level required to meet the accuracy requirements set forth in TR38.855. With 10-meter horizontal positioning error for outdoor deployment scenarios, the total error budget of the system is approximately 33ns. Assuming PRS BW of 100 MHz in DL, the baseband TOA estimation in the UE yields an error approximately equal to 1/BW or 10ns. Similarly, assuming SRS BW of 100 MHz in UL, the baseband TOA estimation in the gNB leads to another 10ns of error. This leaves only 13ns budget for total calibration error of UE and gNB.  As a refence, current requirements for time alignment error (TAE) at gNB between different branches of MIMO transmission is 65ns (clause 6.5.3.2 of TS 38.104).
Observation 3. In contrast to TDOA-based methods, RTT-based positioning does not require very tight synchronization among cells. Calibration error and group delay variation in both UE and gNB are main sources of impediments in RTT. In multi-RTT, the common part of UE group delay can be cancelled in differential computation. To meet positioning accuracy requirements in TR38.855, calibration of group delay at both UE and gNB must significantly improve. 
Moreover, features aside from NR positioning also require tight calibration of gNB Rx-Tx group delay. For instance, reciprocity-based multi-user MIMO (MU-MIMO) beamforming in the DL relies on gNB being able to receive the SRS from multiple UEs to estimate the proper precoder to maintain DL orthogonality among coupled UEs. To accomplish this, the Tx (DL) path needs to be well calibrated with the Rx (UL) path at gNB. 
Observation 4. Features aside from NR positioning also require tight calibration of gNB Rx-Tx group delay. For instance, reciprocity-based multi-user MIMO (MU-MIMO) beamforming in the DL relies on gNB being able to receive the SRS from multiple UEs to estimate the proper precoder to maintain DL orthogonality among coupled UEs. To accomplish this, the Tx (DL) path needs to be well calibrated with the Rx (UL) path at gNB. 
Proposal 2. RAN4 to also discuss gNB Rx-Tx performance requirements in conjunction with UE Rx-Tx requirements for multi-RTT positioning techniques. 
Conclusions
Observation 1. With NW synchronization error greater than T1=100 ns, even regulatory requirements (<50 m) cannot be met for UMi scenario in FR1. The existing synchronization requirements (3 us MRTD in FR1) is significantly larger than what is required for positioning. 
Observation 2. With NW synchronization error greater than T1=100 ns, even regulatory requirements (<50 m) cannot be met for UMi scenario in FR2. The existing synchronization requirements (0.26 us MRTD in FR2) is significantly larger than what is required for positioning. 
Proposal 1. RAN4 to discuss gNB phase synchronization error requirements for TDOA positioning technique. If gNB phase synchronization requirements remain at R15 level, RAN4 work on DL-TDOA requirements should be deprioritized compared to other positioning techniques.
Observation 3. In contrast to TDOA-based methods, RTT-based positioning does not require very tight synchronization among cells. Calibration error and group delay variation in both UE and gNB are main sources of impediments in RTT. In multi-RTT, the common part of UE group delay can be cancelled in differential computation. To meet positioning accuracy requirements in TR38.855, calibration of group delay at both UE and gNB must significantly improve. 
Observation 4. Features aside from NR positioning also require tight calibration of gNB Rx-Tx group delay. For instance, reciprocity-based multi-user MIMO (MU-MIMO) beamforming in the DL relies on gNB being able to receive the SRS from multiple UEs to estimate the proper precoder to maintain DL orthogonality among coupled UEs. To accomplish this, the Tx (DL) path needs to be well calibrated with the Rx (UL) path at gNB. 
Proposal 2. RAN4 to also discuss gNB Rx-Tx performance requirements in conjunction with UE Rx-Tx requirements for multi-RTT positioning techniques. 
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