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Introduction
The SI phase has studied the positioning enhancement solutions in terms of accuracy and latency, such as the enhancement of angle based positioning, information reporting, and etc. In RAN#91e, the new WI on positioning enhancement was approved, which has the following objectives [1]:
	· 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 procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.



An RAN1 LS on positioning reference units has been received [2]. In the LS, the following RAN1 agreements are included:
	Agreement:
Send an LS to RAN2/RAN3 (cc SA2), including the following content:
1. RAN1 has evaluated the use of positioning reference units (PRUs) with known locations for positioning and observes improvements in using PRUs for enhancing the positioning performance. But, RAN1 has not identified specification enhancements needed in RAN1 specifications. RAN1 kindly requests RAN2/RAN3 (cc SA2) to determine if and what specification enhancements are adopted for PRUs for positioning.
1. Notes: 
1. The term “positioning reference unit (PRU)” is only used as a terminology in this discussion.  PRU does not necessarily mean an introduction of a new network node.
1. PRU may support, at least, some of the Rel-16 positioning functionalities of UE, if agreed, which is up to RAN2.  The positioning functionalities may include, but not limited to, the following:
1. Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences)
1. Transmit the UL SRS signals for positioning
1. PRU may be requested by the LMF to provide its own known location coordinate information to the LMF. If the antenna orientation information of the PRU is known, the information may also be requested by the LMF.


The LS asks for determining whether RAN2 specification enhancements are needed.
In this paper, the potential RAN2 impacts of the PURs are discussed. Other positioning enhancement techniques are also discussed.
[bookmark: OLE_LINK462][bookmark: OLE_LINK463]Discussion
2.1 Support of PRUs
Background
In the previous RAN1 meeting, the idea of introducing a reference device for mitigating the timing error, more specifically, the Tx/Rx timing errors between TRPs have been introduced. The benefits of PRU as a reference device UE has been summarized as follows: [3]
· The location of the device can change
· easy to deploy for the adjustment of timing errors of different TRPs
· easy to deploy for ensuring LOS environment between the device and the TRPs
· There is little specification impact
Impacts to RAN2 spec
From the agreements in the LS it is known that the PRU may need to transmit UL SRS signals, which is the functionality of a UE. The PRU may also support some other functionalities of a UE, e.g. the protocol layering with the core network. Thus, it should be easier to treat a PRU to be a UE-like network device, which has a known location, rather than a new network node or a RAN-like node. 
Observation 1: A PRU is likely to be a UE-like network node, rather than a new network node or a RAN-like node.
According to the agreements in the LS, the main information exchanged between the UE and LMF includes the positioning measurements, the location coordinates, and the antenna orientation information. 
From the stage3 perspective, for a UE-like PRU, the information exchange with the LMF is via LPP procedures. Current LPP procedures have already support the report of positioning measurements and the location coordinates. To enable the above functionalities, the current LPP specification may need the following change:
· For UE capability, there are two possibilities for defining the UE capability for PRU: (a) defining it as LPP capability included in the LPP signalling; (b) defining it as LCS capability included in the NAS message and AMF/LMF service APIs. We think it is more suitable to be under NAS signalling since in this way, the UE capability can be UE context
· For request location information
· LMF needs to indicate that the measurement, location estimate needs to be reported. Since this only applies for timing-based positoning methods, the request is only needed for DL-TDOA, and multi-RTT. The current request define the request as { locationEstimateRequired, locationMeasurementsRequired, locationEstimatePreferred, locationMeasurementsPreferred}, which may not be suitable for PRU. 
· LMF can also indicate the antenna configuration of the UE. This request applies for DL-TDOA, DL-AOD, UL-TDOA, UL-AOA and multi-RTT [4].
· For provide location information
· locationSource in CommonIEProvideLocationInformation may need to include the case that the location of the UE is not based on any listed methods, but rather via an unspecified source e.g., by manual configuration. Of course it should not preclude the case that the PRU location is based on e.g. A-GNSS, which is already supported.
· Antenna orientation of the PRUs should also be included in the CommonIEProvideLocationInformation IE.

Proposal1a: For the stage3 aspects of spec impacts from PRU:
· For UE capability, define the UE’s PRU capability in NAS MM capability
· For requestLocationInformation, define the network request for location estimate, measurement and antenna configuration
· For provideLocationInformation, define the request for antenna configuration, Enhance the LPP to support the report of additional source of location and antenna orientation information of the PRUs.
From the stage2 point of view, since the use of PRU for timing error mitigation is a new concept introduced in R17, the stage2 spec may need to be updated from the following aspects:
· In Clause 5.2 for UE positioning Operations, the overall positioning procedure needs to be updated for PUR
· In Clause 5.4.1 for the functional description for User Equipment, the description of the UE as the role of PRU needs to be added
· In Clause 5.4.4 for functional description for LMF, the description of LMF for using a certain UE as PRU for timing error mitigation should be added
· In Clause 6.2.1 for LPP, the description for the support of PRU needs to be added
· In Clause 7.1 for the General LPP procedures for UE positioning, description for PRU
[bookmark: _GoBack]Proposal1b: Enhance the stage-2 spec from the following aspects for the general description of PRU:
· In Clause 5.2 for UE positioning Operations, the overall positioning procedure needs to be updated for PUR
· In Clause 5.4.1 for the functional description for User Equipment, the description of the UE as the role of PRU needs to be added
· In Clause 5.4.4 for functional description for LMF, the description of LMF for using a certain UE as PRU for timing error mitigation should be added
· In Clause 6.2.1 for LPP, the description for the support of PRU needs to be added
· In Clause 7.1 for the General LPP procedures for UE positioning, description for the procedure for PRU
A PRU could be a UE-like device, but the location is already known by itself, which means that there may be no LCS request for the UE to trigger the LMF to instigate the LCS procedure for the PRU, including any LPP/NRPPa messages for the PRU, i.e., MO-LR is not needed for this type of UE. Also, since the location of the UE is known to the UE and while for the network side, the request of the UE’s location, antenna orientation, and measurement are from LMF, rather than an external LCS client, for the maintenance of the Location Service in the network, it should be further investigated how this can be modelled under the current positioning framework. We think this falls within the expertise of SA2.
Proposal 2: RAN should first work on the stage2 and then send the baseline of general procedure for the support of PRU to SA2. 
2.2 Positioning Assistance Data
Currently the LMF select neighbouring cells for positioning, for which the assistance data is sent to UE based on the serving cell information of the UE. That is to say, LMF knows the location of the TRPs apriori and select those TRPs that close to the serving TRP. From 29.572, according to the current spec, the AMF is above to provision the NCGI/ECGI of the PCell and PSCell of the UE. 
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However, the UE only includes the serving cell information when send the Request Assistance Data message to the LMF, who then selects the assistance data according to the serving cell and sends back to the UE.
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Since LMF does not have exact neighbouring information of the UE, it may send PRS information at as many TRPs as possible when send the assistance data to the UE. This can lead to the high signalling overhead and waste of resources. In order to enable the LMF to select the assistance data at appropriate neighbouring cells, it is proposed to let the UE to include neighbouring cell information when send the Request Assistance Data message to the LMF.  UE can include the SCell or PSCell identityin the message sent to LMF for requesting assistance data.
Proposal 3: Support UE to include cell information (e.g., SCell and PSCell information) when requesting assistance data from LMF.
2.3	NR E-CID enhancement
NR E-CID does not support RTT measurements for the serving cell in Rel-16. This makes NR E-CID  solely based on RSRP finger-printing. Therefore, NR E-CID in Rel-16 may have a worse accuracy than LTE E-CID. In order to increase the accuracy of NR E-CID, it is proposed to incorporate the RTT measurements based on the serving gNBs for NR E-CID.
Proposal 4: Incorporate RTT measurement for NR E-CID.
Conclusion
[bookmark: OLE_LINK3]Based on the discussion above, we have the following proposals:
Observation 1: A PRU is likely to be a UE-like network node, rather than a new network node or a RAN-like node
Support for PRU
Proposal1a: For the stage3 aspects of spec impacts from PRU:
· For UE capability, define the UE’s PRU capability in NAS MM capability
· For requestLocationInformation, define the network request for location estimate, measurement and antenna configuration
· For provideLocationInformation, define the request for antenna configuration, Enhance the LPP to support the report of additional source of location and antenna orientation information of the PRUs.

Proposal1b: Enhance the stage-2 spec from the following aspects for the general description of PRU:
· In Clause 5.2 for UE positioning Operations, the overall positioning procedure needs to be updated for PUR
· In Clause 5.4.1 for the functional description for User Equipment, the description of the UE as the role of PRU needs to be added
· In Clause 5.4.4 for functional description for LMF, the description of LMF for using a certain UE as PRU for timing error mitigation should be added
· In Clause 6.2.1 for LPP, the description for the support of PRU needs to be added
· In Clause 7.1 for the General LPP procedures for UE positioning, description for the procedure for PRU
Proposal 2: RAN should first work on the stage2 and then send the baseline of general procedure for the support of PRU to SA2. 
Positioning assistance data
Proposal 3: Support UE to include cell information (e.g., SCell and PSCell information) when requesting assistance data from LMF.
E-CID enhancement
Proposal 4: Incorporate RTT measurement for NR E-CID.
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Attribute name- Datatype P [Cardinality- Description- |-
externalClientType- ExlemalClientType: | O« [0-1+ When present, this IE shallcarry the external |-
client type of the-requester.
correlationD- CorrelationlD- 0. (0. 1= Whenpresent, this |E shall carry the correlation |-
ID of the request.~
amid- Nfinstanceld- 0. (0. 1= Indicates the-AMF Instance serving the UE. LMF |-
shall-use the AMF Instance to forward LCS:
related N1/N2 messages to the-UE/RAN.
TocationQoS: LocafionQos: 0. (0. 1= When present, this IE shallcarry the QoS of the |-
location request.
SupporedGADShapes- |array(SUpportedGADS | O+ |1-N- When present, this £ shall carry the GAD o
hapes)- shapes supported by the requester.

supi- Supi- 0-[0-1> Indicates the-SUPT of the target UE.-

el Pei- 001> Indicates the PEI of the target UE -

apsi Gpsi- 0-10.1- Indicates the GPSI of the target UE.~

[ecai- Ecai- 0. (0. 1= When present, this IE shallindicate-the identifier
of the-E-UTRAN cell serving the-UE or the
serving cell identifier of the-Primary-Cell in the
Master RAN-Node that is-an E-UTRAN node-on
Dual-Connectivity-scenarios.

(NOTE 2)

[ecgiOnSecondNode |Ecai 0. [0.1- When present, the serving cellidentifier of the- |-
Primary-Cell-in the Secondary RAN Node-that is
an E-UTRAN node when available-on-Dual
Connectivity scenarios.

(NOTE 3)-(NOTE 4).

(ea- Nea- 0. [0.1- When present, this E shallindicate-the identifier |-
of the-NR cell-serving the UE or the-serving-cell
identifier-of the Primary-Cell in the-Master RAN
Node that is-a-NR-node on-Dual-Connectivity
scenarios.

(NOTE 2)

[ncgiOnSecondNode  [Negi 0. [0.1- When present, the serving cellidentifier of the- |-
Primary-Cell-in the Secondary RAN Node-that is
a NR node when-available on Dual-Connectivity
scenarios.

(NOTE 3)-(NOTE 4)-

priority- LesPriorty- 0 (0.1~ When present, this IE shallindicate the priority
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