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1. Introduction
In RAN#90-e the Rel-17 WID “Positioning enhancements for NR” was approved in [1]. And the WID was revised at RAN#91-e to further elaborate the objectives [2].
The objective of this work item is to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning enhancements for improving positioning accuracy, latency, network and/or device efficiency. The objective of this work item also includes the support of GNSS enhancements [2]. 
The objectives which include RAN4 are:
· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1, RAN2, RAN3, RAN4]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions
· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]
· [bookmark: _Hlk67643273]Specify methods, measurements, signalling and procedures to support positioning for UEs in RRC_ INACTIVE state, for UE-based and UE-assisted positioning solutions, including [RAN2, RAN1, RAN3, RAN4]:
· DL NR positioning methods and RAT-independent positioning methods 
· Support of UE positioning measurements for UEs in RRC_INACTIVE state
· Reporting of positioning measurement or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state
Note: this work will be coordinated with the SDT WI. 
· As 2nd priority:
· UL and DL+UL NR positioning methods
· Support of gNB positioning measurements for UEs in RRC_INACTIVE state
· Support the following enhancements of A-GNSS positioning [RAN2, RAN3, RAN4]
· Specify support for BDS B2a signal
· Specify support for BDS B3I signal
· Specify support for NavIC to NR
Note: This objective is applicable to NR and E-UTRA.
· Discuss and specify new as well as the impact on the existing RAN4 requirements for positioning and other RRM measurements and corresponding procedures [RAN4]
· Define corresponding performance requirements and test cases for NR positioning enhancements [RAN4]
In this paper, we give our initial analysis and proposals on the possible RRM core requirements based on each objective above. 
2. Discussion
2.1 Improving positioning accuracy
This objective is intended to specify some methods to improve the positioning accuracy by mitigating the timing delay between UE/TRP baseband and antenna. It has been discussed in RAN1 and some conclusions were reached. After last meeting, a LS was sent from RAN1 to ask for the feedback from RAN4 on the agreements on the UE/TRP Rx/Tx timing error. RAN4 need some feasibility study on the method provided by RAN1 and may provide some possible solutions to improve the positioning accuracy. The issue can be discussed based on the LS and our views are provided in our companion paper [3]. 
Observation 1: RAN4 need some feasibility study on the method of mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays provided by RAN1, and provide some possible solutions on accuracy improving if the method is not feasible. 
2.2 Improving positioning latency
This objective is intended to specify some methods to improve the positioning latency, in which the method about measurement and measurement gap is related to RAN4. In R16 positioning, the measurement requirements are defined as below (taking RSTD as example):

Where 
 ,
 = 

From the measurement period defined above, maybe we can find some possible latency reduction method. For example, in R16 positioning measurement simulation, one sample is enough to meet the accuracy requirements for most of the PRS configurations. But the number of samples (Nsample) in the requirements is defined as 4. Even if this value includes the margin for AGC, the value can be kind of large, and may be possible to be restricted to reduce the measurement latency. Also the CSSF is related to the gap sharing between PRS and other RRM requirements and the sharing rule can be improved to reduce the positioning measurement latency. 
For the measurement gap related method, we think the gap enhancements (multiple gap patterns, pre-configured gap etc.) which are discussing in R17 can be used to reduce the measurement latency. 
Observation 2: Some methods related to measurement and MG for reducing positioning measurement latency can be discussed and defined in RAN4 (e.g. CSSF improving, gap enhancement etc.). Details can be FFS. 
2.3 Positioning for UEs in RRC_ INACTIVE state
This objective is intended to support the positioning for UEs in RRC_INACTIVE state and is focused on the DL NR positioning in the 1st stage. So RAN4 should focus on the DL positioning first until RAN1/2 start the discussing on UL and UL+DL positioning. 
Proposal 1: RAN4 should focus on the DL NR positioning first for the support of positioning in RRC_INACTIVE state. 
In our understanding, to support this objective, some UE behaviours (e.g. the receiving of PRS and transmission of SRS) in RRC_INACTIVE state are needed to be specified and is in RAN2 scope. The discussion and decision will be made in RAN2. 
In RAN4, the UE measurement requirements and accuracy requirements need to be specified like the positioning in RRC_CONNECTED state after the UE behaviour is specified in RAN2. And the measurement requirements can be different since there is no data scheduling in RRC_INACTIVE state. 
Observation 3: UE behaviour (e.g. the receiving of PRS and transmission of SRS) to support positioning in RRC_INACTIVE state is in RAN2 scope.
Proposal 2: RAN4 need to specify the measurement requirements and accuracy requirements for positioning in RRC_INACTIVE state after the UE behaviour is specified in RAN2. 
2.4 Support the enhancements of A-GNSS positioning
A-GNSS positioning requirements and test are defined in 36.171 and 38.171. In this objective, more reference signals need to be supported for NR and E-UTRAN. The impact on RAN4 is to update the specification 36.171 and 38.171 to add the signal configurations to test parameters. 
Proposal 3: RAN4 need to specify the performance requirements and conformance test for the supported signals in A-GNSS positioning for NR and E-UTRAN. 
3. Conclusion
This document discusses the possible RRM core requirements for R17 positioning enhancement, and the following observations and proposals are given: 
Observation 1: RAN4 need some feasibility study on the method of mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays provided by RAN1, and provide some possible solutions on accuracy improving if the method is not feasible. 
Observation 2: Some methods related to measurement and MG for reducing positioning measurement latency can be discussed and defined in RAN4 (e.g. CSSF improving, gap enhancement etc.). Details can be FFS. 
Observation 3: UE behaviour (e.g. the receiving of PRS and transmission of SRS) to support positioning in RRC_INACTIVE state is in RAN2 scope.
Proposal 1: RAN4 should focus on the DL NR positioning first for the support of positioning in RRC_INACTIVE state. 
Proposal 2: RAN4 need to specify the measurement requirements and accuracy requirements for positioning in RRC_INACTIVE state after the behaviour is specified in RAN2. 
[bookmark: _GoBack]Proposal 3: RAN4 need to specify the performance requirements and conformance test for the supported signals in A-GNSS positioning for NR and E-UTRAN. 
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