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Introduction
In RAN#83, it has been decided to study on UE based positioning method [1]
Study and, if agreed, specify system level aspects of the DL-only UE based positioning [RAN2]
In this discussion paper, we detailed our view on UE based Positioning method.
[bookmark: _Ref178064866]Discussion
UE Based DL OTDOA
The use case where DL OTDOA can be seen beneficial are:
a) Verifying that UE based GNSS location results are accurate
b) Pedestrian or low-mobility Navigations in urban canyon 
c) Hybrid Solution combining GNSS results and NR RAT dependent results (less than 3 satellites available but dense NR deployment)

In LTE and NR, A-GNSS based positioning method has been already defined as UE based and standalone [2]. Vehicular outdoor navigation is one of the important use cases requiring high accuracy positioning. The cars are inbuilt with multiple sensors and have very high processing capacity. They are equipped with GPS systems and would be able to further receive RTK Assistance Data (AD) from the Network. It is very relevant that for these use cases and for this sort of devices (cars) a UE based, or standalone positioning method is realized.
Further RAT dependent UE based positioning method can augment the GNSS based solution
[bookmark: _Toc4093077][bookmark: _Toc4141041][bookmark: _Toc4683131][bookmark: _Toc4683222][bookmark: _Toc4683335][bookmark: _Toc4683501][bookmark: _Toc4683518][bookmark: _Toc4714649][bookmark: _Toc7249553][bookmark: _Toc7249663][bookmark: _Toc7713429][bookmark: _Toc7713487][bookmark: _Toc7739049][bookmark: _Toc8840271]Outdoor Vehicular Navigation where cars are the location consumer is a valid use case for UE based Positioning methods. GNSS based solution and DL OTDOA UE based solution could work in tandem.
Supporting DL OTDOA Positioning Method
In order to support UE based positioning method, the NW needs to provide at least the below information
a) Co-ordinates of cells (Antenna/TPs)
b) Real Time difference between cells

The first part is static information, while the second may drift over time and needs to be regularly updated. The UE based DL OTDOA positioning method would require the network to provide the TP co-ordinates which can be sensitive information in some region or by some operators. Considering below aspects we think DL OTDOA is suitable for unicast rather than broadcast.
a) Broadcast is always re-occurring static overhead. Even with on-demand, to provide support to one UE the broadcast needs to be enabled.
b) Unicast already provides integrity protection and security mechanisms
c) Expensive Broadcast ciphering-based solution can be avoided if the information is unicast
d) Network can authenticate the UE and check its subscription and provide the Assistance data needed accordingly. So, NW has more visibility as who gets the sensitive information.
e) Moreover, DL OTDOA UE based Assistance data is static or slowly varying and to save NW energy and resources a unicast approach is more suitable.

[bookmark: _Toc7249554][bookmark: _Toc7249664][bookmark: _Toc7713430][bookmark: _Toc7713488][bookmark: _Toc7739050][bookmark: _Toc8840272]DL OTDOA UE based Assistance Data are static and suitable for unicast rather than broadcast. Further, NW can have better visibility who obtains the sensitive information.
[bookmark: _Toc7249559][bookmark: _Toc7249660][bookmark: _Toc7713200][bookmark: _Toc7713432][bookmark: _Toc7713483][bookmark: _Toc7739051][bookmark: _Toc7741509][bookmark: _Toc7741578][bookmark: _Toc7741638][bookmark: _Toc8840273]In Rel-16 UE-based DL OTDOA is supported via unicast-only. 
Framework to support DL OTDOA Positioning Method
A simple framework to support unicast based solution is depicted below.


UE uses MO-LR to initiate the UE-based DL OTDOA. AMF authenticates and verifies the subscription and accordingly request the LMF to prepare the AD. LMF prepares and provides the AD to the UE.
SA2 needs to decide the detailed framework to support the UE-based DL OTDOA Positioning method. RAN2 may need to consult SA2 when RAN2 progress further.
[bookmark: _Toc7249560][bookmark: _Toc7249661][bookmark: _Toc7713201][bookmark: _Toc7713433][bookmark: _Toc7713484][bookmark: _Toc7739052][bookmark: _Toc7741510][bookmark: _Toc7741579][bookmark: _Toc7741639][bookmark: _Toc8840274]RAN2 to further consult SA2 if any component to solve UE-based DL OTDOA is found missing or needs to be updated. 
Providing Measurements to NW in UE based Mode
Currently, there is provision in LPP (36.355) to provide periodical reports. However, this requires the UE to be in connected mode. The use cases where UE based positioning method is found useful is mainly for navigation purpose where UE would also be using GNSS for positioning. UE can obtain DL OTDOA and some other A-GNSS like Almanac information via unicast as they are more suitable for unicast as mentioned above. These data are valid for longer period of time. The UE after obtaining the necessary unicast data can go to idle mode and can obtain PPP-RTK related information via broadcast. Thus, in idle mode it may not have the means to provide periodical reports. In such cases, UE is required to store the measurement results offline and report to the NW when NW requests. It should also be possible that UE can go to connected mode to ask NW to verify that the results it obtained are correct. Therefore, the idle mode logging and UE to request to verify the result should be supported for UE based positioning method.
[bookmark: _Toc7713434][bookmark: _Toc7713485][bookmark: _Toc7739053][bookmark: _Toc7741511][bookmark: _Toc7741580][bookmark: _Toc7741640][bookmark: _Toc8840275][bookmark: _Toc7249561][bookmark: _Toc7249662][bookmark: _Toc7713202]For UE based mode, UE shall report the measurements performed for location estimation to the NW. 
[bookmark: _Toc7713435][bookmark: _Toc7713486][bookmark: _Toc7739054][bookmark: _Toc7741512][bookmark: _Toc7741581][bookmark: _Toc7741641][bookmark: _Toc8840276]RAN2 to further study on how to configure and support Measurement reporting for UE based modes especially in RRC Inactive and Idle mode. 

Conditioned support for UE-based positioning
If supporting UE-based positioning, there are some aspects that are important to also consider, as discussed in the next subsections. It is important to give the operator the tools to efficiently manage both UE-based positioning as well as the network.
UE-based positioning and subscriptions
Rel 15 introduced support for UE-based precise positioning based on periodic assistance data for GNS RTK. The access to the UE-based positioning where the AD is broadcasted can be user differentiated via subscription configurations. The subscription impacts what ciphering keys that are made available to the UE, which in turns impacts which broadcasted AD the UE can retrieve. It is reasonable to have the same ability to control access to AD for UE-based positioning via subscriptions
[bookmark: _Toc8838770][bookmark: _Toc8840277]Condition the support for UE-based NR RAT dependent positioning in Rel 16 on subscription data 
UE-based positioning and capabilities
The capabilities for different positioning components are quite detailed in the previous specification versions, and are not separated in UE-based or UE-assisted. Therefore, it is important to introduce UE-based without dedicated capabilities. That means a UE indicating support for OTDOA, supports both UE-based and UE-assisted OTDOA.
[bookmark: _Toc8838771][bookmark: _Toc8840278]Condition the support for UE-based NR RAT dependent positioning in Rel 16 on capabilities for positioning features agnostic to UE-based or UE-assisted
In case there are concerns about the agnostic support for positioning features, there should be mandatory support for UE-assisted positioning features associated to a set of specific and listed causes in case UE-based positioning is supported. With devices effectively only supporting UE-assisted positioning for emergency calls, the operator gets very limited possibilities to monitor the network performance and to establish coverage maps. Therefore, it is suggested that the support for UE-assisted positioning together with UE-based is associated to a set of network management causes.
[bookmark: _Toc8838772][bookmark: _Toc8840279]Condition the support for UE-based NR RAT dependent positioning in Rel 16 on capabilities for positioning features agnostic to UE-based or UE-assisted, where the support for UE-assisted is at least associated to a defined set of causes including network management
UE-based positioning and MDT
In logged MDT, the UE will monitor the network performance while in idle mode, and in immediate MDT, the UE will report network performance in connected mode. Currently, the UE can also provide GNSS location information is available. A UE configured for UE-based positioning will have location information available. Therefore, a UE configured with UE-based positioning will per definition have location information available. Therefore, it shall be mandatory for a UE configured for UE-based positioning to provide location info together with logged or immediate MDT.
[bookmark: _Toc8838773][bookmark: _Toc8840280]Condition the support for UE-based NR RAT dependent positioning in Rel 16 on mandatory inclusion of location information in logged and immediate MDT reports
Conclusion
In section 2 we made the following observations:
Observation 1	Outdoor Vehicular Navigation where cars are the location consumer is a valid use case for UE based Positioning methods. GNSS based solution and DL OTDOA UE based solution could work in tandem.
Observation 2	DL OTDOA UE based Assistance Data are static and suitable for unicast rather than broadcast. Further, NW can have better visibility who obtains the sensitive information.

Based on the discussion in section 2 we propose the following:
Proposal 1	In Rel-16 UE-based DL OTDOA is supported via unicast-only.
Proposal 2	RAN2 to further consult SA2 if any component to solve UE-based DL OTDOA is found missing or needs to be updated.
Proposal 3	For UE based mode, UE shall report the measurements performed for location estimation to the NW.
Proposal 4	RAN2 to further study on how to configure and support Measurement reporting for UE based modes especially in RRC Inactive and Idle mode.
Proposal 5	Condition the support for UE-based NR RAT dependent positioning in Rel 16 on subscription data
Proposal 6	Condition the support for UE-based NR RAT dependent positioning in Rel 16 on capabilities for positioning features agnostic to UE-based or UE-assisted
Proposal 7	Condition the support for UE-based NR RAT dependent positioning in Rel 16 on capabilities for positioning features agnostic to UE-based or UE-assisted, where the support for UE-assisted is at least associated to a defined set of causes including network management
Proposal 8	Condition the support for UE-based NR RAT dependent positioning in Rel 16 on mandatory inclusion of location information in logged and immediate MDT reports


[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]RP-190752, New WID: NR Positioning Support, RAN#83
TS 36.305 V15.2.0, stage2 functional specification of UE and EUTRAN
R2-1907239 UE-based Positioning Method

	1/2	
image1.emf
NG-RAN AMF

LMF

4. LPP Provide AD

UE

1. MO-LR Request AD

2. Authorization & Subscription 

Validity

3. Relay Request


Microsoft_Visio_Drawing.vsdx




NG-RAN



AMF



LMF
4. LPP Provide AD



UE
1. MO-LR Request AD
2. Authorization & Subscription Validity
3. Relay Request



