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1. Introduction

In RAN4#93, the requirements for gNB positioning measurement were discussed. The following agreements are captured in the WF [1].
	· 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 


Based on the discussions, most companies agreed to introduce measurement accuracy requirements for gNB positioning measurement, but there were different views on the set of gNB measurement types for which the requirements should be defined in Rel-16.

In this paper, we will provide our views on the scope of gNB measurement requirements.
2. Discussion
2.1. Generic principle
gNB measurement types for NR positioning are listed in [2]. 
	DL/UL Reference Signals
	gNB Measurements
	To facilitate support of the following positioning techniques

	Rel.16 SRS for positioning
	UL RTOA
	UL-TDOA

	Rel.16 SRS for positioning
	UL SRS-RSRP
	UL-TDOA, UL-AoA, Multi-RTT

	Rel.16 SRS for positioning, Rel.16 DL PRS
	gNB Rx-Tx time difference
	Multi-RTT

	Rel.16 SRS for positioning,
	AoA and ZoA
	UL-AoA, Multi-RTT


The gNB measurements are used to facilitate
· UL-based positioning techniques: UL-TDOA and UL-AoA
· UL-and-DL-based positioning techniques: multi-RTT
The positioning performance of these techniques depends on the measurement performance of gNB, so in this sense the gNB requirements are as necessary as UE requirements, in order to guarantee the minimum performance when these positioning techniques are deployed.

Observation 1: gNB measurement requirements are as necessary to guarantee the minimum performance of UL-based positioning techniques and UL-and-DL-based positioning techniques.
As different gNBs may implement different positioning techniques, and some gNB may not support positioning, the gNB measurement requirements are optional and the applicability depends on gNB declaration. In this sense, defining requirements for a particular measurement type does not mean every gNB needs to implement the measurement. However, on the contrary, not defining requirements for a measurement type means the performance cannot be tested even it is implemented. For same reason, in gNB demodulation discussions, requirements for a feature are defined if it is requested by some network vendor or some operator. Similar principle should be followed.
Observation 2: Defining requirements for a measurement type does not mandate every gNB to implement the measurement; whereas not defining requirements for a measurement type means the measurement performance cannot be tested even the measurement is implemented.

As the main debates in RAN4#93 were about UL-RTOA and AoA/ZoA measurements, we will discuss more details about the two measurement types below. 
UL-RTOA measurement is used in UL-TDOA, and AoA/ZoA measurement is used in UL-AoA, both are UL-based positioning technique, meaning network can locate the UE without UE positioning measurement. This is useful and beneficial for both network and UE since some UEs in the network may not support positioning measurement, and this UE can still get the location based services, both emergency and commercial. 

Therefore, we see a clear motivation to define performance requirements for UL-RTOA measurement and also AoA/ZoA measurement. It should be noted that neither Rx-Rx time difference or SRS-RSRP can enable UL-based positioning, so only defining performance requirements for these two measurement types means the whole use case of UL-based positioning is not supported by RAN4 requirements.

Observation 3: UL-based positioning is an important use case, and it will not be supported by RAN4 requirements if RAN4 only defines gNB requirements for Rx-Tx time difference and SRS-RSRP.

2.2. UL-RTOA
UL-RTOA measurement is defined in 38.215 as below.

	[The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received in positioning node j, relative to the configurable reference time.]
Multiple SRS resources for positioning can be used to determine the beginning of one subframe containing SRS received at a positioning node.


The definition is same as in LTE, and in LTE the measurement requirements for UL-RTOA measurement are specified, in 36.111. The reason why the requirements are captured in a separate specification than 36.133 was because in LTE the UL-RTOA measurements are assumed to be taken by LMU, which may or may not be a separate node than eNB. In NR there is no such differentiation, and according to 38.215 UL-RTOA is taken by “positioning node” or gNB, which is same as Rx-Tx time difference measurement.

Observation 4: The measurement requirements for UL-RTOA are already defined in LTE.

Observation 5: In NR, UL-ROTA measurement is taken by gNB, same as Rx-Tx time difference measurement.
In RAN4#93 discussion, the main concern to introduce gNB requirements for UL-RTOA was the work load and timeline for completing the WI. However, we do not see any issue here because from gNB measurement performance point of view, UL-RTOA is quite similar as Rx-Tx time difference. 
The definition of Rx-Tx time difference measurement is copied below from 38.215.

	The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX
Where:

TgNB-RX is the positioning node received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.

TgNB-TX is the positioning node transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.

Multiple SRS resources for positioning can be used to determine the start of one subframe containing SRS.


· UL-RTOA is the difference between the measured receive timing and a configured reference time. The reference time is also determined based on gNB’s own timing which may e.g. be from GPS.

· Rx-Tx time difference is the difference between the measured receive timing and the transmit timing. The transmit timing is also based on gNB’s own timing which may e.g. be from GPS.
Therefore, the fundamental measurement in both UL-RTOA and Rx-Tx time difference is the receive timing measurement based on UE SRS transmission. The RAN4 work for this part, e.g. determining the SRS configurations and the SINR side conditions, running the simulations, can be used for both requirements. We do not see any major extra work for RAN4 to introduce requirements for UL-RTOA if requirements are anyway introduced for Rx-Tx time difference.
Observation 6: From gNB measurement performance point of view, UL-RTOA is quite similar as Rx-Tx time difference, so RAN4 effort to introduce requirements for UL-RTOA is not an issue.
Based on above observations, we propose
Proposal 1: RAN4 to define gNB measurement accuracy requirements for UL-RTOA in the Perf part of the WI. 
2.3. AoA/ZoA
The definition of Rx-Tx time difference measurement is copied below from 38.215.

	UL Angle of Arrival (UL AoA) is defined as the estimated azimuth angle and vertical angle of a UE with respect to a reference direction, wherein the reference direction is defined:

· In the global coordinate system (GCS), wherein estimated azimuth angle is measured relative to geographical North and is positive in a counter-clockwise direction and estimated vertical angle is measured relative to zenith and positive to horizontal direction
· In the local coordinate system (LCS), wherein estimated azimuth angle is measured relative to x-axis of LCS and positive in a counter-clockwise direction and estimated vertical angle is measured relatize to z-axis of LCS and positive to x-y plane direction. The bearing, downtilt and slant angles of LCS are defined according to 3GPP TS 38.901 [15].



First, same as UL-RTOA, AoA/ZoA measurement is also used to enable UL-based positioning (with UL-AoA technique). It enables the same use case as UL-RTOA, i.e. to locate UEs not supporting positioning measurement. An additional benefit of UL-AoA from deployment point of view is that it does not require network synchronization, which has been proven to be a major obstacle in deploying TDOA based positioning techniques (both DL-TDOA and UL-TDOA). 
Observation 7: AoA/ZoA measurement can enable UL-based positioning without requiring network synchronization.

In RAN4#93 discussion, the main concern to introduce requirements for AoA/ZoA was that the performance is not testable. However, we understand it should not be an issue. From the measurement definition, it is the measurement of UE azimuth and vertical angles relative to a reference direction, so the ideal values are well known by the test system. On the other hand, gNB will report the measured angles which can be compared to the ideal values to verify the accuracy performance. How to derive the angles from UE SRS transmission is fully up to gNB implementation.

Observation 8: The performance of AoA/ZoA measurement can be tested by comparing the gNB reported azimuth/vertical angles to the ideal angles. How to derive the angles from the UE SRS transmission is up to gNB implementation.
Based on above, we see clear necessity and feasibility to introduce requirements for AoA/ZoA measurements, and we propose

Proposal 2: RAN4 to define gNB measurement accuracy requirements for AoA/ZoA in the Perf part of the WI. 
3. Conclusions

In this paper we provided our views on the scope of gNB positioning measurement requirements.
Generic principles

Observation 1: gNB measurement requirements are as necessary to guarantee the minimum performance of UL-based positioning techniques and UL-and-DL-based positioning techniques.

Observation 2: Defining requirements for a measurement type does not mandate every gNB to implement the measurement; whereas not defining requirements for a measurement type means the measurement performance cannot be tested even the measurement is implemented.

Observation 3: UL-based positioning is an important use case, and it will not be supported by RAN4 requirements if RAN4 only defines gNB requirements for Rx-Tx time difference and SRS-RSRP.
UL-RTOA related

Observation 4: The measurement requirements for UL-RTOA are already defined in LTE.

Observation 5: In NR, UL-ROTA measurement is taken by gNB, same as Rx-Tx time difference measurement.
Observation 6: From gNB measurement performance point of view, UL-RTOA is quite similar as Rx-Tx time difference, so RAN4 effort to introduce requirements for UL-RTOA is not an issue.
Proposal 1: RAN4 to define gNB measurement accuracy requirements for UL-RTOA in the Perf part of the WI.
AoA/ZoA related

Observation 7: AoA/ZoA measurement can enable UL-based positioning without requiring network synchronization.

Observation 8: The performance of AoA/ZoA measurement can be tested by comparing the gNB reported azimuth/vertical angles to the ideal angles. How to derive the angles from the UE SRS transmission is up to gNB implementation.
Proposal 2: RAN4 to define gNB measurement accuracy requirements for AoA/ZoA in the Perf part of the WI. 
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