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Introduction
In the RAN plenary #80 meeting, a new RAN1 SI on “Study on NR positioning support” was approved [1]. The objectives of the SI for RAN2 and RAN3 are reported as follows:
	· [bookmark: OLE_LINK9]Study of positioning architecture for location services, functional interfaces, protocol, and procedures for supporting NR dependent positioning technologies (if needed; otherwise, need to be confirmed) [RAN2, RAN3]
· Rel-15 NR positioning architecture/protocol is a starting point of the discussion while the Release 16 LCS architecture enhancement study in TSG SA side is taken into account.
· Common architecture with IoT and hybrid positioning.
· The positioning architectures should support standalone NR for both voice and data including IoT service.
· IoT use cases, including potential LPP evolution, and efficient/low-complexity signaling are considered while striving for a common architecture.
· End-to-end latency is considered to developing positioning architecture.


During the last RAN1 meeting, the following agreement has been made:
	Agreement
For regulatory use cases, the following requirements are considered as a minimum performance targets for NR positioning
0. Horizontal positioning error < 50m for 80% of UEs
0. Vertical positioning error [< 5 m] for [80%] of UEs
0. 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
0. Horizontal positioning error < [3]m for [80]% of UEs in indoor deployment scenarios
0. Horizontal positioning error < [10]m for [80]% of UEs in outdoor deployments scenarios
0. Vertical positioning error < [3]m for [80]% of UEs in indoor deployment scenarios
0. Vertical positioning error < [3]m for [80]% of UEs in outdoor deployment scenarios
0. End to end latency < [1]s
Note: This does not eliminate more or less demanding commercial use cases.



In this contribution, we provide our consideration on NR positioning architecture for LCS. 
Discussion
SA1 has performed studies documented in TR 22.872 [1], TR 22.804 [2] and TS 22.261 [3] of many user cases reliant on positioning support that demonstrate the need for high location accuracy, high availability and low latency. For example: 
· In clause 7.3 of TS 22.261 [3] for user cases related to vehicular positioning and positioning of objects in a factory, the performance requirement is 0.5 meters error or less with an acquisition time of 500 ms and an availability of 99.99%. 
· In clause 8.2 of TR 22.872 [1], the performance requirements for a wide range of positioning user cases span an accuracy range of less than 10 meters error to less than 0.3 meters error and a corresponding availability of more than 95% to more than 99%. The Time to First Fix requirement for these user cases is less than 30 seconds for some user cases to less than 10 seconds for others. 
· In clause 8.1.7 of TR 22.804 [1] for user cases related to automation, the location performance requirements include a required accuracy in the range of 20 centimeters to 5 meters, an availability of 90% to 99.9% and a latency of less than 10 ms to less than 5 seconds.
Also, according to SA1 study, positioning use cases involve device type UEs which typically require periodic or event triggered location reports. The UE density may go up to 100,000 per km2[1]. The large number of devices potentially generate massive number of LCS requests. Besides the high-accuracy and high availability requirement, the latency requirement in NR is strict since the new use cases (e.g., vehicular positioning, automation) are introduced.
Observation 1: NR positioning aims to support large number of devices for commercial use cases.
Observation 2: NR positioning aims to support for different levels of latency besides accuracy and availability.


Figure 1 Architecture for Location Services in R15
In the R15 positioning architecture, as shown in Fig.1, the LCS server (LMF) is deployed in 5GC. For RAT-dependent positioning based on LTE (e.g., OTDOA, E-CID), LMF obtains downlink or uplink location measurements as well as non-UE associated assistance data from NG-RAN and determines UE’s location [4]. As the number of LCS requests increases, the signalling overhead for LMF to collect location measurements over N1 and N2 interface grows correspondingly. Assume an AMF/LMF is deployed in a large region (e.g., 300 km * 300 km), the aforementioned UE density results in significant LCS request load.
Proposal 1: RAN2 should consider signalling efficiency over the air interface and in the core network for the study of NR positioning architecture.
A large part of latency concerns the delay in obtaining location information for a target UE (e.g. a location estimate), and can be further analysed under two cases: (a) location request from UE and (b) location request from the external clients. For location request from the external clients, the delay in the core network signalling is not so significant.  However, for a mobile-originated location request, the positioning (or location) latency would comprise the time between UE sending a request for location to the 5GC and receiving a location response from the 5GC. The location request from UE to LMF needs to pass by RAN node and AMF. In this way, the latency will include Uu delay, Ng delay and some processing delay in 5GC. For Ng delay, take one example from LTE, according to a latency analysis provided in TR25.912 [5], the one direction transfer delay of the corresponding LTE interface S1-C is given by 2ms-15ms. This is mainly due to the propagation delay between the eNB and MME. In practice, the delay also depends on the deployment, traffic load, network congestion etc. For services with latency requirement below 100ms, the LMF-based location calculation could become problematic. Hence, RAN2 should consider how to reduce E2E latency in NR positioning architecture.
Proposal 2: RAN2 should consider how to reduce E2E latency in NR positioning architecture.
According to the SA2 specification TR 23.731[6], some solutions has been introduced to enhance LCS architecture for NR positioning. Some solutions, e.g. Solution 1, 2, 3, and 14, prefer to reuse R15 existing LCS architecture just with a little change. Solution 1 clarifies the function entity in NR by taking LTE as a baseline and considers AMF implementing some LCS related function. In solution 3, it is proposed that LMF can be flexibly deployed, e.g. near UEs, the positioning signalling can be efficiently transferred to reduce latency and avoid overload on UE and network. In solution 12, the LCS architecture is enhanced by considering LCS support for non-3GPP access. A RAN-based LCS architecture is introduced by offloading part of location function to RAN node in solution 15. Solution 20 focuses on LMF selection in GMLC based on positioning QoS, client type, serving cell ID and S-NSSAI. Similar to Solution 15, a local LCS architecture is introduced by enabling local LMF in NG RAN in Solution 26. Obviously, some of those solutions may have large impact on RAN. Therefore, RAN2 should study them from the RAN’s perspective with signalling efficiency and E2E latency.
[bookmark: OLE_LINK1]Proposal 3: RAN2 should study the solutions provided in the SA2 TR 23.731 from the RAN’s perspective with signalling efficiency and E2E latency as the metric for assessment. 
Conclusion
In this contribution, we considered NR positioning architecture for LCS, and we get the following observation and proposals:
Observation 1: NR positioning aims to support large number of devices for commercial use cases.
Observation 2: NR positioning aims to support for range of latency levels besides accuracy and availability.
Proposal 1: RAN2 should consider signalling efficiency over the air interface and in the network for the study of NR positioning architecture.
Proposal 2: RAN2 should consider how to reduce E2E latency in NR positioning architecture.
Proposal 3: RAN2 should study the solutions provided in the SA2 TR 23.731 from the RAN’s perspective with signalling efficiency and E2E latency as the metric for assessment. 
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