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Introduction
In RAN4#93 meeting, a WF on NR positioning was agreed [1] with the following captured for gNB measurements: 
gNB measurements
· Agreements:
· Option 1: Define gNB measurement accuracy requirements for gNB measurement types in the Perf part
· Rx-Tx timing difference
· UL SRS-RSRP measurements
· Option 2: Define gNB measurement accuracy requirements for gNB measurement types in the Perf part
· Rx-Tx timing difference
· UL SRS-RSRP measurements
· AoA / ZoA measurements 
· UL RTOA measurements
· Option 3: Do not define gNB requirements 


In this paper, we present our views on the options listed above.
Discussion
In [2], we presented our views on the need for gNB Rx-Tx time difference performance requirements particularly for multi-RTT positioning method.
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 1, left). Alternatively, a single gNB RTT measurement can be augmented by another measurement such as AoD to fix the position (Figure 1, right). 
	

	



Figure 1 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 2 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 2 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 3 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 1. 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. 
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. Hence, improving calibration of gNB Rx-Tx group delay helps with other non-positioning features. For other gNB measurements such as UL RTOA or UL AoA/ZoA, there is no synergy or application for other use cases. 
Observation 2. 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 3. For other gNB measurements such as UL RTOA or UL AoA/ZoA, there is no synergy or application for other use cases beyond positioning. 
In RAN4#93 meeting, a majority of companies were in favour of option 1 in [1]. In [3], option 2 was advocated to have gNB measurement performance requirements for all types so as to not unfairly impose performance requirements for a gNB that supports one measurement type but not others. While this is valid argument, in our opinion, RAN4 should also make a realistic goal of being able to finish the positioning WI in time. We are not opposed to option 2 and support it if more companies are aligned to it. In future releases such as R17 NR positioning enhancements, performance requirements for other gNB measurement types not included in option 1 can be specified. However, option 1 is more realistic and doable within the R16 time frame. Option 3 is certainly detrimental to the commercial success of NR positioning as it has been discussed in length in [2]. 
Observation 4. Option 1 is more realistic and doable within R16 time frame. Performance requirements for other measurement types not included in option 1 can be specified in future releases such as R17 NR positioning enhancements. Option 3 is certainly detrimental to the commercial success of NR positioning.
Proposal 1. RAN4 to adopt option 1: Define gNB measurement accuracy requirements for gNB measurement types in the Perf part
· Rx-Tx timing difference
· UL SRS-RSRP measurements
Conclusions
Observation 1. 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 2. 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 3. For other gNB measurements such as UL RTOA or UL AoA/ZoA, there is no synergy or application for other use cases beyond positioning. 
Observation 4. Option 1 is more realistic and doable within R16 time frame. Performance requirements for other measurement types not included in option 1 can be specified in future releases such as R17 NR positioning enhancements. Option 3 is certainly detrimental to the commercial success of NR positioning.
Proposal 1. RAN4 to adopt option 1: Define gNB measurement accuracy requirements for gNB measurement types in the Perf part
· Rx-Tx timing difference
· UL SRS-RSRP measurements
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