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Introduction
In RAN4#92 meeting, we briefly discussed gNB requirements for NR positioning [1]. In this paper, the necessity of gNB requirements for NR positioning is 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


Discussion
 Lax NW synchronization in TDOA
Network 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 (3 us MRTD in FR1) is significantly larger than what is required for positioning. 
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. 
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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 (0.26 us MRTD in FR2) 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. 
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Figure 2 Impact of NW synchronization error on NR positioning performance – UMi FR2

Proposal 1. RAN4 to discuss gNB synchronization requirements for TDOA positioning technique. 
 Calibration error in multi-RTT
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 3 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 3 Calibration error and group delay variation in RTT
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. Calibration error and group delay variation in both UE and gNB are main sources of impediments in RTT. To meet positioning accuracy requirements in TR38.855, calibration of group delay at both UE and gNB must significantly improve. 
Proposal 2. RAN4 to also discuss gNB Rx-Tx performance requirements in conjunction with UE Rx-Tx requirements for E-CID and 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 synchronization requirements for TDOA positioning technique. 
Observation 3. Calibration error and group delay variation in both UE and gNB are main sources of impediments in RTT. To meet positioning accuracy requirements in TR38.855, calibration of group delay at both UE and gNB must significantly improve. 
[bookmark: _GoBack]Proposal 2. RAN4 to also discuss gNB Rx-Tx performance requirements in conjunction with UE Rx-Tx requirements for E-CID and multi-RTT positioning techniques. 
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