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At RAN1#104-e the following agreement has been made [1]:
Agreement:
· Study specification impact for enabling a reference device with known location to support the following functionalities:
· Measure DL PRS and report associated measurements (e.g., RSTD, Rx-Tx time difference, RSRP) to the LMF;
· Transmit SRS and enable TRPs to measure and report measurements (e.g., RTOA, Rx-Tx time difference, AOA) associated with the reference device to the LMF;
· FFS: The details of the signalling, the measurements, the parameters related to the Rx and Tx timing delays, AoD and AOA enhancements and measurement calibrations;
· FFS: The report of device location coordinate information to the LMF if the LMF does not have the information
· FFS: The device with the known location being a UE and/or a gNB
· FFS: Precision to which location of reference device is known
· Note: RAN1 assumes using these enhancements for the purpose of network synchronization is NOT within the scope of the WI

In this contribution, we study the specification impacts to support Reference Location Devices (RLDs) with known location in a network.
2	Reference Location Devices (RLDs)
A Reference Location Device (RLD) at a known location can perform DL positioning measurements (e.g., RSTD, RSRP, UE Rx-Tx Time Difference measurements, etc.) and report these measurements to a location server. In addition, the RLD can transmit UL-PRS (SRS) to enable TRPs to measure and report UL positioning measurements from devices at known location (e.g., RTOA, UL-AoA, gNB Rx-Tx Time Difference, etc.). The reference device measurements can be compared with the "true" measurements expected at the known device position to determine correction terms for other nearby UEs. The DL- and/or UL location measurements for other UEs can then be corrected based on the previously determined correction terms. This principle is well known from e.g., Differential-GNSS operation. 
The RLDs perform positioning measurements just like a normal UE, but at an a-priori known location. Therefore, the RLD-terminated positioning protocols could be the same protocols as used for normal UE positioning.

Observation 1:	The RLD-terminated positioning protocols could be the same protocols as used for normal UE 				positioning.
3.	UE Positioning Operations
The general UE positioning operation is summarized in clause 5.2 of TS 38.305 [2] and clause 6.11 of TS 23.273 [3] and is shown in Figure 1 below. At Step 1, either some entity in the 5GC (e.g., a GMLC), or the UE, or the AMF itself (e.g. to locate the UE for an emergency call) requests some location services from an AMF. The AMF then transfers the location request to an LMF at Step 2 in Figure 1. The LMF may then invoke one or more LPP and/or NRPPa positioning procedures with the UE and/or NG-RAN at Step 3. Once the LMF has determined the UE location based on the measurement information received in Step 3, the LMF provides the location estimate to the AMF at Step 4, which then provides the UE location to the requesting client at Step 5.
[bookmark: _Hlk66679378]A prerequisite for Step 3 is that a LCS Correlation identifier and the AMF identity has been passed to the LMF by the serving AMF, as described in TS 23.273 [3] (e.g., clause 6.11.1). The LCS Correlation ID and the AMF ID are provided by the AMF to the LMF in the Location Service Request at Step 2 in Figure 1 (Nlmf_Location_DetermineLocationRequest service operation [4] towards the LMF). When the LMF then instigates Step 3 using an (UE associated) Namf_Communication_N1N2MessageTransfer service operation [5] towards the AMF with a LPP or NRPPa PDU included, the LMF also includes the LCS Correlation ID for this location session, together with the AMF ID which indicates the AMF instance serving the UE. 
The LMF uses the AMF instance to forward LPP/NRPPa messages to the UE/NG-RAN.
The LCS Correlation identifier is used to ensure that during a positioning session between the LMF and UE, positioning response messages from the UE are returned by the AMF to the correct LMF and carrying an indication (the LCS Correlation identifier) which can be recognized by the LMF.  



Figure 1: Location Service Support by NG-RAN (according to TS 38.305 [2]).

The RLD location measurements are used by an LMF to correct the measurements for target UEs. That is, the consumer of the RLD location information is an LMF, and therefore, Steps 1 and 2 in Figure 1 would not happen for RLDs.
This essentially means, the LMF becomes a "LCS Client" for RLDs and need to be enabled to instigate location sessions with a RLD in absence of Steps 1/2 in Figure 1.

Observation 2:	For RLDs, an AMF/LMF would not receive a location request from an LCS client. Instead, the 				location client for RLD measurements would be the LMF itself.

4.	RLD Positioning Operations
As a consequence of Observation 2, Steps 1/2 in Figure 1 would have to be replaced by a "RLD Registration" procedure to make an LMF aware of RLDs in a network such that the LMF is enabled to instigate a LPP or NRPPa session with the desired RLD or NG-RAN serving the RLD, respectively, as illustrated in Figure 2.
The "RLD Registration" procedure at Step 1 in Figure 2 should enable an LMF to instigate the positioning procedures at Step 3 in the same way as currently specified for target UEs. 


Figure 2: Location Service Support for RLDs.
As also mentioned in the RAN1 agreement in section 1, there are two principle architecture options for supporting RLDs in a network as shown in Figure 3:
Option 1: The RLD is considered as UE from LMF perspective;
Option 2: The RLD is considered as part of a gNB (e.g., gNB-DU, enhanced TRP, etc.) from LMF perspective.
Both options are discussed and evaluated in the following.
[image: ]
Figure 3: Positioning Architecture with RLDs.

5.	RLD Registration Procedure
5.1	Option 1: RLD operates as a UE from LMF perspective
If the RLD can be regarded as a "UE" from LMF perspective, two general RLD registration procedures seem possible, as described in section 5.1.1 and 5.1.2 below.
5.1.1	Solution 1: RLD Access Registration
In this solution, the RLD registers to the gNB and the 5G Core Network like a normal UE. As part of this registration procedure, the UE provides an indication to the serving AMF whether the device can function as a Reference Location Device. The serving AMF then registers the RLD at an LMF using a new Reference Device Registration Request service operation towards an LMF. The Reference Device Registration operation enables an LMF to exchange LPP and NRPPa messages between LMF and Reference Location Device and NG-RAN, respectively, at a later time when the LMF requires location measurements from a (registered) RLD.
The procedure is shown in Figure 4 below.  Steps 1-11 are the same general procedure as used for UE registration with the gNB and the 5G Core Network with the addition of Steps 4 and 5.


Figure 4: RLD Positioning Operation (Solution 1).

1.	The RLD and NG-RAN Node perform the 5G-NR RRC Connection Setup procedure (like a normal UE). At the end of this procedure, the RLD sends the RRC Setup Complete message with a "Registration Request" in the dedicatedNAS-Message field to the NG-RAN Node.
	The NAS Registration Request includes the 5GMM Capability IEI, as specified in TS 24.501 [6]. This IE currently includes an indication whether the UE supports LPP and the 5G-LCS notification mechanisms. An additional bit can be allocated to indicate whether the UE can operate as Reference Location Device.
2.	The gNB selects the AMF and allocates a "RAN UE NGAP ID". The AMF will use this ID to address the RLD context on the gNB. 
The gNB then sends the NGAP Initial UE Message to the selected AMF. The message carries the "Registration Request" message that was received from the RLD in the RRC Setup Compete message in Step 1. The "RAN UE NGAP ID" and the "RRC Establishment Cause" are also included in the message.
3.	The RLD and 5GC perform the NAS Authentication and Security procedures.
4.	If the 5GMM Capability IEI received at Step 2 indicates support for "RLD functionality", the AMF invokes a "Reference Device Registration Request" service operation towards the selected LMF to register the RLD at the LMF. The service operation includes a LCS Correlation identifier and the AMF identity, together with the serving cell identity and may also include the SUPI and PEI of the RLD.
5.	If the LMF can handle the RLD Registration Request, the LMF returns an acknowledgement to the AMF in a Reference Device Registration Response service operation towards the AMF including the LCS Correlation identifier received at Step 4.
	The LMF stores the LCS Correlation Identifier and the AMF ID for later use in Steps 13. 
6.	The AMF, NG-RAN, and RLD continue the general registration procedure as for normal UEs. The AMF may initiate a session setup with the gNB. The message typically contains the Registration Accept NAS message. The NAS Registration Accept may include an indication that the RLD registration at an LMF was successful. 
7.	The RLD and gNB perform the AS Security Procedures. 
8.	A RRC Reconfiguration message is typically sent to the RLD for setting up radio bearers, etc. The message includes the 5GS Registration Result received in the Registration Accept message at Step 6. The 5GS Registration Result informs the UE whether the registration at an LMF was successful or not.
9.-11. The remaining steps to complete a normal registration procedure.
12.	At some later time, the LMF determines that location measurements from a RLD previously registered at the LMF are needed and may instigate a LPP and/or NRPPa session with the RLD or the NG-RAN serving the RLD at Steps 13a and 13b, respectively.
13.	The procedures at Step 13a and 13b can now be executed as currently defined for normal UEs and specified in e.g., TS 23.273 [3], clause 6.11.1 and 6.11.2, and TS 38.305 [2], clause 6.4.2 and 6.5.2
	The first step in these procedures comprise a Namf_Communication_N1N2MessageTransfer service operation as specified in TS 29.518 [5] towards the AMF which previously registered the RLD at the LMF for this RLD. This service operation may include a LPP PDU which should be transferred to the RLD, or a NRPPa PDU which should be transferred to the serving NG-RAN Node of the RLD.
	This service operation includes the LCS Correlation ID and the AMF ID provided to the LMF previously at Step 4 and stored at the LMF. The AMF instance belonging to the AMF ID/LCS Correlation ID is used to forward the LPP/NRPPa messages to the RLD/NG-RAN. 
	As part of Step 13a, the RLD provides the requested reference measurements (e.g., RSTD, RSRP, Rx-Tx Time Difference) in a LPP Provide Location Information to the LMF. 
	As part of Step 13b, the NG-RAN Node may provide an UL-PRS (SRS) configuration to the RLD and/or activate a UL-PRS configuration in the RLD. The RLD then transmits the UL-PRS which may be received by multiple gNBs/TRPs which perform UL positioning reference measurements (e.g., UL-AoA, RTOA, gNB Rx-Tx Time Difference measurements). 
14.	The LMF determines correction terms from the received RLD measurements at Step 13 using the known location of the RLD. The LMF stores the correction terms and uses them to correct location measurements for other UEs.
The LMF repeats steps 13-14 whenever new or updated RLD measurements are needed.
For this solution, a new service operation is needed to allow an AMF to register a RLD at the LMF, as shown by Steps 4 and 5 in Figure 4. This operation may be part of the Nlmf_Location service operation specified in TS 29.572 [4], or may be a new e.g. Nlmf_ReferenceDevice service operation. In addition to the RLD Registration, a RLD Deregistration and RLP Registration Update service operation may also be needed. E.g.,
-	Reference Device Registration: It provides Reference Device Information to an LMF, including
-	LCS Correlation ID
-	AMF ID
-	ECGI, NCGI
-	RLD SUPI, PEI
-	Reference Device Registration Update: It provides updated Reference Device Information to an LMF for a previously registered Reference Device.
-	For example, a new ECGI or NCGI in case the serving NG-RAN node changes; or RLD location changes, etc.
-	Reference Device Deregistration: It enables an AMF to deregister a previously registered Reference Device at an LMF.
-	For example, in case the serving AMF for a RLD changes, or RLD is switched-off, etc.

As mentioned above, the location procedures between LMF and RLD can be performed as for normal UEs. 
NRPPa can be used as currently specified for UL- (e.g., UL-AoA, UL-TDOA) and UL+DL (e.g., Multi-RTT) positioning methods in TS 38.305 [2] and no changes to the NRPPa protocol [9] seem required.
Also LPP [10] can be used as currently defined, however, some RLD specific additions seem required/useful.
LPP Capability Transfer:
The positioning method capabilities (e.g., for UL-TDOA, UL-AoA, DL-TDOA, DL-AoD, or Multi-RTT) would equally apply to RLDs. They provide positioning specific capabilities supported by the RLD to the LMF (e.g., supported measurements, etc.). 
The LPP Provide Capabilities message may include in addition the location (latitude/longitude/altitude together with uncertainty shape) of the RLD, and additional attributes such as whether the RLD is static/fixed or mobile, or whether the RLD is battery powered or mains-operated, etc.
LPP Assistance Data Transfer
No RLD specific additions seem required for the assistance data delivery. The normal (UE-assisted) positioning method specific assistance data would equally apply to RLDs. 
Location Information Transfer
The positioning method specific request/provide messages are equally applicable to RLDs for requesting and providing the UE positioning measurements (e.g., NR-Multi-RTT-ProvideLocationInformation, NR-DL-AoD-ProvideLocationInformation, NR-DL-TDOA-ProvideLocationInformation [10]). However, some additions to the CommonIEsRequestLocationInformation seem useful/required.
The CommonIEsRequestLocationInformation carries common IEs for a Request Location Information LPP message Type incl. a (mandatory present) LocationInformationType, which indicates whether the server requires a location estimate or measurements, whether location measurements are preferred but location estimate is also allowed, or whether location estimate is preferred but location measurements are also allowed:
LocationInformationType ::= ENUMERATED {
	locationEstimateRequired,
	locationMeasurementsRequired,
	locationEstimatePreferred,
	locationMeasurementsPreferred,
	...
}

A location estimate should not be applicable to RLDs, since the (precise) location of the reference device need to be known and only location measurements should be reported. The Reference Device Location and Reference Device Measurements should be independent; i.e. Reference Device Measurements are not used for determining the Reference Device Location. 
An additional entry in the LocationInformationType could avoid mixing 'location measurements' and 'location estimates' as used for normal UE positioning and would only be applicable to RLDs:
LocationInformationType ::= ENUMERATED {
	locationEstimateRequired,
	locationMeasurementsRequired,
	locationEstimatePreferred,
	locationMeasurementsPreferred,
	...,
	referenceMeasurementsRequired
}

5.1.2	Solution 2: RLD Registration using Supplementary Services
In this solution, the RLD registers with an LMF using a new Supplementary Services message pair. The LMF and RLD can then exchange LPP messages via the serving AMF.  This solution avoids any impacts to an AMF and gNB, and can also avoid any impacts to LPP. The general procedure is shown in Figure 5 below.


Figure 5: RLD Positioning Operation (Solution 2).

1.	The RLD performs a UE triggered service request as defined in clause 4.2.3.2 of TS 23.502 [7] if in CM-IDLE state in order to establish a signalling connection with the AMF.
2.	The RLD sends a Supplementary Services (SS) LCS Reference Location Device Registration Request message inside a UL NAS Transport message as specified in TS 24.501 [6]  to the serving AMF. 
	The RLD sets the Payload Container Type to "Location Services Message Container" [6] and includes a Routing Identifier in the "Additional Information" IE [6].
	The Routing Identifier in the UL NAS Transport message may be preconfigured in the RLD to indicate a specific LMF. 
	The LCS Reference Location Device Registration Request message includes the location of the RLD (latitude, longitude, altitude, together with uncertainty shape), and other RLD capabilities, such as whether the device is fixed or mobile, battery powered, or mains-operated, etc. 

Alternatively, this information may also be provided in an LPP PDU embedded in the LCS Reference Location Device Registration Request message.

However, providing this information as part of the SS LCS Reference Location Device Registration Request message and specified in SS [12] no LPP changes may be required. The RLD and LMF can assume that all LPP messages exchanged during Steps 8 relate to the reference location of the RLD.
3.	The AMF determines the LMF from the Routing Identifier received in the Additional Information IE of the UL NAS Transport message in Step 2 and forwards the LCS Reference Location Device Registration Request message to the LMF via triggering Namf_Communication_N1MessageNotify service operation towards the LMF. The AMF also includes the Payload Container Type and the LCS Correlation Identifier set to the Routing Identifier received at Step 2.
	The AMF includes the UE SUPI or PEI of the RLD in the N1MessageNotification. 

The LMF stores the serving AMF ID included in the N1 Message Container for later use in Steps 8.
4.	The LMF may verify whether the RLD is allowed to act as a reference device in the network from the SUPI or PEI.  The SUPI or PEI of allowed Reference Devices in an LMF may be preconfigured.
5.	The LMF returns a supplementary services acknowledgement message to the RLD via triggering an Namf_Communication_N1N2MessageTransfer service operation to the serving AMF. The acknowledgement indicates to the RLD that it has been successfully registered at the LMF. The LMF also assigns and includes a LCS Correlation Identifier identifying the LMF.
6.	Upon receipt of the acknowledgement message from the LMF, the AMF sets the Payload Container Type in the DL NAS Transport to "Location Services Message Container" [6] and includes a LCS Correlation ID  in the "Additional Information" IE [6].
7.	At some later time, the LMF determines that location measurements from a RLD previously registered at the LMF are needed and may instigate a LPP and/or NRPPa session with the RLD or the NG-RAN serving the RLD at Steps 8a and 8b, respectively. Step 7 may be performed immediately following Registration. For example, the LMF could determine to initiate periodic reporting of location measurements from the RLD.
8.	The procedure at Step 8a and 8b can now be executed as Steps 13a/b in Solution 1 (Figure 4) with the following modifications:
	The LCS Correlation Identifier indicating the LMF and positioning session is assigned by the LMF. The LCS Correlation identifier is used to ensure that during the positioning session between the LMF and RLD, positioning response messages from the RLD are returned by the AMF to the correct LMF and carrying an indication (the LCS Correlation identifier) which can be recognized by the LMF.
	To enable an AMF to distinguish a LCS Correlation identifier assigned by an LMF (used in this procedure) from a LCS Correlation identifier assigned by the AMF, the two types of LCS Correlation identifier could be selected from different ranges.
NOTE:	This is similar as applied in the deferred 5GC-MT-LR for periodic, triggered and UE available location events, as specified in TS 23.273 [3], clause 6.3.1, Note 9.
9.	The LMF determines correction terms from the received RLD measurements using the known location of the RLD. The LMF stores the correction terms and uses them to correct location measurements from other UEs.
The LMF repeats steps 8 whenever new RLD measurements are needed.
If the RLD moves to a new AMF, the RLD can repeat the registration at Step 2.

Observation 3:	In the case the RLD is considered as a "UE" from LMF perspective, an "RLD Registration" 					procedure can enable an LMF to instigate the needed positioning procedures with an RLD in a 				similar way as currently specified for target UEs. 
5.2	Option 2: RLD operates as part of a gNB from LMF perspective
If the RLD can be regarded as part of a gNB from LMF perspective (e.g., part of a gNB-DU, TRP), a RLD Registration Procedure as shown in Step 1 of Figure 2 is not strictly necessary. The "RLD Registration" would be performed by a deployment/operator, similar to the provisioning of gNB information to an LMF (typically via some Operation&Maintenance functionality). The RLDs could be part of the normal gNB/TRP data base in an LMF. Specific RLD information could be requested by an LMF using the Rel-16 TRP Information Exchange procedure [9] as for normal gNBs/TRPs.
The RLD could be defined as an "Enhanced TRP" (eTRP) which may be part of a gNB-DU or separate,  as shown in Figure 3. The eTRP has essentially inverse functions compared to a Rel-16 TRP: The eTRP transmits UL-PRS (a Rel-16 TRP transmits DL-PRS), and receives DL-PRS (a Rel-16 TRP would receive UL-PRS). 
One benefit of this solution is that Non UE associated NRPPa procedures can be used, which avoids the RLD Registration as mentioned above.
5.2.1	Solution 3: LPP transported inside NRPPa messages
Since LPP provides all the functionality for positioning capability transfer, assistance data delivery, and location information transfer, LPP can also be used if the RLD is part of a gNB. The LPP PDU could be transported inside a NRPPa message container. NRPPa would then enable the gNB-CU to perform message routing in agreement with Rel-16 gNB-LMF signalling principles. However, the actual positioning message payload can be a LPP PDU, as illustrated in Figure 6.
[image: ]
Figure 6: Protocol stack for the support of LPP for eTRPs.

The procedure for RLD capability exchange, assistance data delivery, and location information transfer via LPP is shown in Figure 7.


Figure 7: RLD Positioning Operation (Solution 3).

1. 	The LMF invokes the Namf_Communication_NonUeN2MessageTransfer service operation towards the AMF to request the transfer of a NRPPa PDU to a NG-RAN node (gNB-CU). The NRPPa message includes an embedded LPP PDU. The LPP PDU may request location information from the RLD, provide assistance data to the RLD or query for the RLD capabilities.
The service operation includes the target NG-RAN node identity. 
2. 	The AMF forwards the NRPPa PDU (which includes an embedded LPP PDU) to the identified gNB-CU in an NGAP Downlink Non UE Associated NRPPa Transport message [8] and includes a Routing ID identifying the LMF. 
3. 	The gNB-CU extracts the LPP PDU from the received NRPPa message and forwards the LPP PDU to the identified eTRP in a F1AP DL Transport container [13].
4.	The target eTRP (RLD) extracts the LPP PDU and decodes the LPP message. If the LPP message is of type Request Location Information, the eTRP obtains the requested location measurements (e.g., RSTD, RSRP, Rx-Tx Time Difference measurement).
5.	The target eTRP (RLD) returns the location information obtained in step 4 to the gNB-CU in an F1AP UL Transport container. The F1AP UL Transport container includes the LPP PDU.
6.	The target gNB-CU extracts the LPP PDU from the F1AP message and includes the LPP PDU in a NRPPa message. The gNB-CU then provides the NRPPa PDU (which includes the LPP PDU) to the AMF in a NGAP UL Non UE Associated NRPPa Transport message. The gNB-CU also includes the Routing identifier in the NGAP UL Non UE Associated NRPPa Transport message received in step 2.
7.	The AMF invokes the Namf_Communication_NonUeN2InfoNotify service operation towards the LMF indicated by the Routing Identifier received in step 6. The service operation includes the NRPPa PDU with the embedded LPP PDU received in step 6 in the N2 Info Container as defined in TS 29.518 [5]. 
8.	The LMF determines correction terms from the received RLD measurements using the known location of the RLD. The LMF stores the correction terms and uses them to correct location measurements from other UEs.
The LMF repeats steps 1-7 whenever new Reference Device Measurements are needed. 
This solution has minimal impact to the Rel-16 positioning procedures and signalling. The only additional impact would be to define a new NRPPa and F1AP message which can carry an embedded LPP PDU container.
For the transmission of UL-PRS (SRS), the Rel-16 NRPPa and F1AP procedures can also be reused. However, for the PDU transport between LMF and gNB, the corresponding messages would also be Non UE Associated, similar to Figure 7.
A procedure to request an SRS configuration/SRS Transmission from the eTRP reference device to support UL positioning reference measurements is shown in Figure 8. 




Figure 8: RLD SRS Configuration (Solution 3).

1. 	The LMF invokes the Namf_Communication_NonUeN2MessageTransfer service operation towards the AMF to request the transfer of a NRPPa PDU. The NRPPa PDU includes a Positioning Information Request message [9] to request eTRP (RLD) SRS configuration information. The message may include the Requested UL-SRS Transmission Characteristics as specified in TS 38.455 [9], which provides recommended SRS configuration parameter for the eTRP (RLD) .
The service operation includes the target NG-RAN node identity. 
2. 	The AMF forwards the NRPPa PDU to the identified gNB-CU in an NGAP Downlink Non UE Associated NRPPa Transport message [8] and includes a Routing ID identifying the LMF. 
3. 	Since the NRPPa PDU is received in a Non UE-Associated NRPPa Transport message by the gNB-CU, the gNB-CU realizes that the NRPPa Positioning Information Request message is intended for a target eTRP/RLD, and not for a normal UE. The NRPPa Positioning Information Request message includes the eTRP ID(s) for the target eTRP(s)/RLD(s).
	The gNB-CU sends a F1AP Positioning Information Request message [13] to the eTRP(s)/RLD(s) (as indicated in the NRPPa message received in Step 2) to indicate to the eTRP(s)/RLD(s) the need to transmit SRS signals and to retrieve the SRS configuration from the eTRP/RLD(s). 
4.	The eTRP/RLD takes the Requested SRS Transmission Characteristics information included in the F1AP Positioning Information Request message into account when determining the SRS configuration. 
If the Requested SRS Transmission Characteristics indicates a periodic SRS, the eTRP/RLD starts transmitting the SRS. Otherwise (e.g., in case of semi-persistent SRS), the eTRP/RLD waits with the transmission of the SRS until a F1AP Positioning Activation Request message is received.
5.	The target eTRP(s) (RLD(s)) return a F1AP Positioning Information Response message including the configured SRS configuration information to the gNB-CU.
6.	The target gNB-CU encodes the information received at Step 5 into a NRPPa Positioning Information Response message and provides the NRPPa PDU (including the NRPPa Positioning Information Response message) to the AMF in a NGAP UL Non UE Associated NRPPa Transport message. The gNB-CU also includes the Routing identifier in the NGAP UL Non UE Associated NRPPa Transport message received in step 2.
7.	The AMF invokes the Namf_Communication_NonUeN2InfoNotify service operation towards the LMF indicated by the Routing Identifier received in step 6. The service operation includes the NRPPa PDU with the NRPPa Positioning Information Response message received in step 6 in the N2 Info Container as defined in TS 29.518 [5]. 
The same procedure as above can be used for other NRPPa/F1AP messages, such as Positioning Activation Request/Response to activate semi-persistent or trigger aperiodic UL SRS transmission by the eTRP/RLD.
Therefore, the Rel-16 NRPPa and F1AP positioning messages can be reused for RLDs in the case the RLD is considered part of a gNB (gNB-DU/eTRP). Instead of using UE associated transport procedures for these messages, the Non UE associated transport mechanism would be used in this solution, which requires only small changes to the NRPPa/F1AP messages to include the identities of the target gNB-DU/eTRP. 

Observation 4:	In the case the RLD is considered as part of a gNB from LMF perspective, explicit "RLD 					Registration" would not be needed and LPP could still be used for requesting/providing the 					reference location measurements.

6.	Comparison of Solutions
The main impacts of the three solutions discussed above is summarized in Table 1 below. More favourable characteristics in Table 1 are shown in green highlight.

Table 1: Comparison of Solutions.
	
	Solution 1
	Solution 2
	Solution 3

	Device impact
	Small.
Any MT (e.g., UE) which supports positioning and LPP can function as RLD with some small changes to the protocols.
	Small.
Any MT (e.g., UE) which supports positioning and LPP can function as RLD.
Additional SS procedure need to be supported, but no changes to existing protocols.
	Smallest.
Any MT (e.g., UE) which supports positioning and LPP can function as RLD but no registration procedure need to be supported.

	NG-RAN Node Impacts
	None.
	None.
	Small.
Additional "TRP Type" needs to be supported, but with similar functionality as existing TRPs.

	AMF Impacts
	High.
A new service operation with associated functionality need to be supported.
	None.
Same as other LCS SS.
	None.

	LMF Impacts
	Medium.
RLD context need to be stored and location requests for RLDs need to be initiated, etc.
	Medium.
RLD context need to be stored and location requests for RLDs need to be initiated, etc.
	Small.
The RLD functionality need to be supported (e.g., determination of correction terms, etc.), but RLDs are handled like normal (existing) TRPs.

	LPP Impacts
	Small.
Some RLD specific clarifications and additions are needed.
	None.
All RLD specific information can be specified in SS messages.
	None.
All RLD specific information can be specified in an NRPPa message header (if needed).

	NRPPa Impacts
	None
	None.
	Small.
New NRPPa message pair, which however, need to include primarily an LPP container.

	F1AP Impacts
	None
	None.
	Small.
New F1AP message pair, which however, need to include primarily an LPP container.




Observation 5:	If the RLD is considered as a "UE" from LMF perspective, Solution 2 (using a new Supplementary 			Services message pair) has less overall impact compared to Solution 1 (using UE access 						registration procedures).
Observation 6:	With Solution 2 (using a new Supplementary Services message pair) and Solution 3 (RLD is 				considered as part of a gNB), RLD-specific changes to RAN2 Stage 3 specifications (e.g., LPP) 			would not necessarily be required.

7.	Summary
[bookmark: _Hlk67874044]In this contribution, we discussed the signalling and procedures for supporting Reference Location Devices (RLDs) in a network. The following was observed:
Observation 1:	The RLD-terminated positioning protocols could be the same protocols as used for normal UE 				positioning.
Observation 2:	For RLDs, an AMF/LMF would not receive a location request from an LCS client. Instead, the 				location client for RLD measurements would be the LMF itself.
Observation 3:	In the case the RLD is considered as a "UE" from LMF perspective, an "RLD Registration" 					procedure can enable an LMF to instigate the needed positioning procedures with an RLD in a 				similar way as currently specified for target UEs. 
Observation 4:	In the case the RLD is considered as part of a gNB from LMF perspective, explicit "RLD 					Registration" would not be needed and LPP could still be used for requesting/providing the 					reference location measurements.
Observation 5:	If the RLD is considered as a "UE" from LMF perspective, Solution 2 (using a new Supplementary 			Services message pair) has less overall impact compared to Solution 1 (using UE access 						registration procedures).
Observation 6:	With Solution 2 (using a new Supplementary Services message pair) and Solution 3 (RLD is 				considered as part of a gNB), RLD-specific changes to RAN2 Stage 3 specifications (e.g., LPP) 			would not necessarily be required.
Therefore, the following proposals are made:
Proposal 1:	Add support for "Reference Location Devices" in a network to improve positioning accuracy.
Proposal 2:	Continue evaluation and decide on the solution for the signalling and procedures for supporting 			"Reference Location Devices" in a network and liase with SA2 and RAN3 as needed.
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