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[bookmark: _Ref349588338]1. 	Introduction
The positioning architecture applicable to NG-RAN for Release 15 is defined in TS 38.305 [1]. This architecture and its associated high level procedures may be extended in Release 16 to support new position methods and features added in Release 16 (e.g. new NR RAT dependent position methods). 
SA2 studied various enhancements to the 5GC Location Service in TR 23.731 [2]. To support "low latency and high performance LCS" (key issue #3 [2]) NG-RAN may be enhanced with the support of location management functionality to perform UE positioning locally in the NG-RAN, as mentioned in the SA2 LS to RAN [3].  
In an email discussion performed after RAN2#104 most companies seem to support location management functionality in the NG-RAN [4], but the details are left for further study.
In this contribution we propose the overall NG-RAN postioning architecture and summarize the RAN protocol impacts to support new NR positioning methods [5] and location management functionality in the NG-RAN. 

2. 	Extended NG-RAN Positioning Architecture
The extended positioning architecture is shown in Figure 1 which is based on Figure 5.1-1 in TS 38.305 [1] with the additions shown in red.
Additions shown in Figure 1 comprise the following.
-	Allow a gNB to control one or more Transmission Points (TPs), such as broadcast-only TPs for improved support of DL position methods such as OTDOA or ECID.
-	Allow a gNB to control one or more Reception Points (RPs), such as Location Measurement Units (LMUs) for UL measurements for position methods such as UTDOA or ECID.
NOTE:	The TP’s and RP’s may also be combined into a TRP to support combined DL and UL position methods such as multi-RTT [5].
-	Allow a gNB and ng-eNB to include a Location Management Component (LMC) to support positioning of a target UE by a gNB or ng-eNB. 
NOTE:	The term "Location Management Component (LMC)" is used here for the NG-RAN location management functionality. Other terms are also possible, such as for example "Local-LMF" or "NG-RAN LMF", etc.




Figure 1: Extended Positioning Architecture applicable to NG-RAN 
NOTE 1:	The gNBs and ng-eNB may not always both be present.
NOTE 2:	When both the gNBs and ng-eNB are present, the NG-C interface is only present for one of them (FFS).

Proposal 1:		Allow NG-RAN Nodes to optionally include TPs, RPs and an LMC.

3. 	Carryover of Existing Capabilities from Release 15 
In Rel-15, the Location Service feature is restricted to regulatory services. As summarized in TR 23.731 [2] the Rel-15 location service architecture is reused also for commercial use cases. Therefore, the following capabilities from Release 15 can be reused: 
-	UE Positioning Operations to support location of a UE by an LMF (TS 38.305 clause 5.2).
-	Signalling between a UE and LMF (TS 38.305 clause 6.4).
-	Signalling between an LMF and NG-RAN node (TS 38.305 clause 6.5) .

Proposal 2:	Existing NG-RAN capabilities in Release 15 for support of UE location, signalling between a UE and LMF and signalling between an NG-RAN node and LMF should be reused in Release 16.

4. 	LMC Capability 
The location management functionality in the NG-RAN (LMC) should have comparable capability to a 5GCN LMF. In order to support new Rel-16 NR RAT dependent position methods [5], some additional LMC/LMF functionality compared to a Rel-15 5GCN LMF would be required. 
NOTE:	An operator could restrict an LMC to support of e.g. NR RAT dependent positioning if a 5GCN LMF is present that supports other position methods or could support most or all position methods in an LMC if no 5GCN LMF is present.
An LMC may perform the following functions. Note, some of these functions (which are not part of Rel-15) would also be required by a Rel-16 5GCN LMF.
-	Request location measurements from the UE.
-	Manage UL location measurements by the gNB/RP of the UE.
-	Provide cell database assistance data and UL location measurements to a UE for UE-based position methods. 
-	Manage static and dynamic scheduling of PRS broadcast and broadcast of assistance data by the gNB.
-	Interact with other gNBs to coordinate location support (e.g. obtain UL location measurements for a UE or request changes to PRS broadcast).
-	Determine a location estimate for a UE.
-	Provide a location service capability to a serving AMF.
-	Provide a location service capability to other gNBs.
-	Provide a location service capability to a UE.
An LMC could communicate with other gNBs using XnAP or a location specific protocol above XnAP in order to coordinate support of these functions. 
An LMC can support NG-RAN determination of a UE location which can be requested by the UE (e.g. using LPP), by a serving AMF (using NGAP) or by another gNB/ng-eNB (using XnAP). 

[bookmark: _Hlk536582503]Proposal 3:	The location management functionality in the NG-RAN (LMC) should have comparable capability to a 5GCN LMF. In particular, the LMC should be allowed to support the same set of position methods as a 5GCN LMF.

5. 	Signalling between an AMF and NG-RAN Node
[bookmark: _Toc524946406]5.1	Protocol Layering 
Protocol layering between an AMF and serving NG-RAN node can remain as defined in TS 38.300 clause 4.3.1.2 [6] and TS 23.501 clause 8.2.1.2 [7] and can make use of NGAP at the top level as defined in TS 38.413 [8].
5.2	Enhanced Location Reporting Procedure 
The NG-RAN location reporting procedure for Rel-15 is defined in TS 23.502 clause 4.10 [9] and in TS 38.413 clause 8.12 [8] and enables a serving AMF to request a serving NG-RAN node to report the UE location once only, periodically on a change of serving cell or periodically when a UE presence in an area of interest has changed. However, in Rel-15 the location provided by the serving NG-RAN node comprises an NR or E-UTRA CGI and a Tracking Area Identity only.
This procedure requires only minor additions in Rel-16 to enable a serving AMF to request a more accurate location from NG-RAN as described in greater detail in [10]. An AMF may send a Location Reporting Control message to the NG‑RAN to request a target device location. The LMC in the NG-RAN then determines the UE location and provides the location estimate back to the AMF in a Location Report message, as illustrated in Figure 2 below. 
The required modifications of this procedure comprise the following: 
-	Add an optional QoS parameter to a Location Reporting Control message to enable a serving AMF to request a more accurate location than that corresponding to a CGI.
-	Add an optional list of supported GAD shapes in a Location Reporting Control message.
-	Allow the serving NG-RAN node to obtain a more accurate UE location when a QoS is provided (using an LMC).
-	Return a UE location using a GAD shape when requested in a Location Reporting Control message.
The extended Location Reporting procedure can be supported by an LMC in a gNB/ng-eNB. An NG‑RAN node without LMC may forward a location request (with QoS higher than cell ID granularity) to a NG-RAN Node with LMC (by forwarding a Location Reporting Control message using an XnAP transport message) and receive a later response from the LMC (a Location Report message conveyed by an XnAP transport message) (see also section 7 below).


Figure 2: Extended NG-RAN Location Reporting Procedure

Proposal 4:	Extend the Location Reporting procedure to enable a serving AMF to request and obtain a more accurate UE location in the form of a GAD shape rather than a CGI.

5.3	Transport of NAS Location Related Data
To support broadcast of location assistance data by NG-RAN, the procedures for broadcast of location assistance data for E-UTRA connected to EPC as specified in TS 36.305 [11] can be reused, as described in greater detail in [12]. In case broadcast of assistance data is supported by an LMC, the LMC would perform any segmentation and ciphering and provides pre-coded posSIBs for broadcast in SI messages. The ciphering keys would then be provided by an LMC to an AMF for distribution to suitably subscribed UEs using mobility management messages. The LCS-AP Ciphering Key Data message specified in [13] could be reused (or adapted) for this purpose transported inside NGAP non-UE associated UL/DL signalling messages. 

Proposal 5:	Support delivery of ciphering key data from an NG-RAN Node to the AMF to allow support of broadcast assistance data by an LMC.

6. 	Signalling between an LMF and NG-RAN Node
6.1	Protocol Layering 
Protocol layering and message transfer between an LMF and NG-RAN Node can remain as defined in TS 38.305 clause 6.5 which uses NRPPa as defined in TS 38.455 [14] as the top level. New NRPPa message and parameters can be added in Release 16 to support new NR RAT dependent position methods [5] and other new positioning capabilities.
6.2	Location Procedures 
New location procedures between an LMF and NG-RAN Node are required to support one or more of the following functions. 
-	Request cell database information by an LMF from a NG-RAN Node to support NR RAT dependent position methods by the LMF.
-	Request UL measurements by an LMF from a NG-RAN Node for a target UE for NR RAT dependent position methods. This may also include obtaining DL measurements provided by a UE to a serving NG‑RAN Node (e.g., for multi-RTT positioning [5]).
-	Provide location assistance data by an LMF to a NG-RAN Node for broadcast in SI messages [12].
-	Request changes in PRS broadcast (e.g. periodicity, bandwidth) in a coordinated manner by an LMF among multiple NG-RAN Nodes [15].

Proposal 6:	Location procedures between an LMF and NG-RAN Node should be added to NRPPa in order to obtain by an LMF UE location measurements or cell database information from an NG-RAN Node, as well as to transfer broadcast assistance data from an LMF to an NG-RAN Node and to coordinate UL location measurements and PRS broadcast among multiple NG-RAN Nodes.


7. 	Signalling between NG-RAN Nodes 
7.1	Protocol Layering 
Protocol layering between a pair of NG-RAN Nodes can remain as defined in TS 38.300 clause 4.3.2.2 [6] which uses XnAP at the top level as defined in TS 38.423 [16]. New messages to support positioning could be added directly into XnAP or could be included in a new location specific protocol which is transported using XnAP.
NOTE:	A new location protocol which is transported in XnAP (and e.g. F1AP (see section 8 below)) which covers the various functionalities and endpoints required for location support in NG-RAN may be preferred. As an alternative, NRPPa may be extended and reused to support the NG-RAN location functionality.
7.2	Location Procedures 
Location procedures between pairs of NG-RAN Nodes are required to support one or more of the following functions. 
-	Request UL measurements for a target UE by one NG-RAN Node (e.g. a serving NG-RAN node with an LMC) from another NG-RAN Node. 
-	Provide assistance data for a target UE by one NG-RAN Node (e.g. a serving NG-RAN node with an LMC) to another NG-RAN Node to assist UL measurements of the target UE by the other NG-RAN Node.
-	Request a change in DL PRS broadcast scheduling and configuration by one NG-RAN Node to a neighbour NG‑RAN Node [15]. 
-	Request a change in scheduling and resources for broadcast of location information by one NG-RAN Node to a neighbour NG-RAN Node [12].
-	Transfer of an LPP container via a serving NG-RAN Node without LMC to a neighbour NG-RAN Node with LMC (see also section 10 below).
The above functionality is similar to that required between an 5GC LMF and NG-RAN Node as described in section 6 above. Therefore, a reuse of (an extended) NRPPa transported via XnAP may be feasible, as mentioned in section 7.1 above.

Proposal 7:	Support location procedures between pairs of NG-RAN Nodes to obtain location measurements, transfer of assistance data, transfer of LPP container, and to coordinate changes in DL PRS broadcast and broadcast of location assistance data. 

8. 	Signalling within an NG-RAN Node 
8.1	Extended gNB Architecture
The extended gNB architecture is shown in Figure 3 which is based on Figure 6.1-1 in TS 38.401 [17] with the additions shown in red.
Additions shown in Figure 3 comprise the following.
-	Allow a gNB-CU to control one or more Transmission- and Reception Points.
-	Allow a LMC being accessable from a gNB-CU via F1 interface.


Figure 3: Extended gNB Architecture.
8.2	Protocol Layering 
Protocol layering between a gNB-CU and TPs/RPs/LMC can be based on F1‑C as defined in TS 38.470 [18] which uses F1AP at the top level as specified in TS 38.473 [19]. New messages to support positioning could be added directly into F1AP or could be introduced in a new location specific protocol which is transported using F1AP.
8.3	Location Procedures 
The location procedures between a gNB-CU and LMC comprise all location related procedures on NG, Xn, and NR-Uu interfaces:
-	location procedures between AMF and NG-RAN Node (using NGAP), as described in section 5; 
-	location procedures between NG-RAN Nodes (using XnAP or a protocol above XnAP such as an extended NRPPa), as described in section 7; 
-	location procedures between NG-RAN Node and UE (using LPP), as described in section 10.
The corresponding messages to support positioning can be carried inside a transparent F1AP message transfer container, for example:
-	Transfer of NGAP Location Reporting Control and NAS Transport messages (section 5); 
-	UL/DL NGAP Message Transfer.
-	Transfer of location related XnAP messages (section 7); 
-	UL/DL XnAP Message Transfer.
-	Transfer of location related RRC(LPP) messages (section 10); 
-	UL/DL RRC(LPP) Message Transfer (which in principle already exist in F1AP [19]).
The above may also be realized with a single F1AP UL/DL LMC Message Transfer container and/or a new location protocol transported using F1AP, as mentioned in section 7.1 above. Essentially, a gNB-CU would forward any location related transfer messages received on NG, Xn and Uu interfaces to the LMC (either within the same gNB (e.g. in case the gNB includes an LMC) or to another gNB (e.g. in case the gNB has no LMC)). 
The location procedures between a LMC and gNB-DU/TP/RP (which may need to be coordinated by the CU-CP) may include 
-	Transfer of UL/DL PRS configuration;
-	Transfer of UL/DL PRS measurement information.
The above functionality is similar to that of E-UTRA LMUs as specified in TS 36.305 [11] and TS 36.459 (SLmAP) [20] and also similar to that required between LMF and NG-RAN Node (see section 6 above). Therefore, NRPPa could be extended to support TRP location measurement/configuration messages which can be carried inside F1AP transport messages.

Proposal 8:	Support signaling and location procedures between a gNB-CU and LMC based on F1AP to support the same location procedures as supported on NG, Xn, and NR-Uu interfaces and, in addition, support transfer of a UL/DL PRS configuration and measurements information to/from a gNB-DU/TRP from/to the LMC. 

As can be seen from the discussions in sections 5, 7, and 8 the NG-RAN location functionality (LMC) could be realized using existing interfaces and protocols. However, given that there are common location procedures on Xn, NG and F1, it appears sensible to define a new generic RAN location protocol which could be transported by Xn-C or F1-C (and probably NG-C) transfer messages. Given that most functionality would also be required between LMF and NG-RAN Node (i.e., to support new Rel-16 location methods and features by a 5GC LMF), it may also be possible to extend NRPPa to support the additional RAN location messages.

Proposal 9:	Specify the various functionalities and endpoints required to support NG-RAN location (LMC) in a separate generic location protocol, that could be transported in Xn-C, NG-C, and F1-C messages.  Study further whether NRPPa (with appropriate extensions) is suitable for such a generic location protocol. 

9. 	Signalling between an LMF and UE
9.1	Protocol Layering 
Protocol layering and message transfer between an LMF and UE can remain as defined in TS 38.305 clause 6.4 which uses LPP as defined in TS 36.355 [21] as the top level, as agreed at RAN2#104 [22]. However, LPP needs to be extended to support the new or modified NR positioning methods [5]. 
9.2	Location Procedures 
New or modified location procedures between an LMF and UE need to be defined to support new NR RAT dependent position methods. So far, the new NR RAT dependent position methods comprise [5]: 
-	downlink based solutions: DL Time Difference of Arrival (DL-TDOA), DL Angle of Departure (DL AoD); 
-	uplink based solutions: UL Time Difference of Arrival (UL-TDOA), UL Angle of Arrival (UL AoA);
-	downlink and uplink based solutions: Round-trip time (RTT) with one or more neighbouring gNBs/TRPs.
Not all of the above listed position methods may have LPP impacts. The specific LPP impacts would have to be studied once additional details of the new NR position methods were defined.
Some of the above listed position methods may also be integrated into existing LPP positioning methods (e.g., OTDOA) whereas others may require the definition of new LPP position methods (e.g., RTT).

Proposal 10:		Study detailed LPP impacts to support new NR position methods during the Work Item phase.

10. 	Signalling between an NG-RAN Node and UE
10.1	Protocol Layering 
Protocol layering between a NG-RAN Node and UE can remain as defined in TS 38.300 clause 4.4.2 [6] which uses RRC as defined in TS 38.331 [23] and TS 36.331 [24] at the top level. 
10.2	Location Procedures 
The handling of positioning procedures between NG-RAN and UE has been discussed in an email discussion after RAN2#104 [4]. Various options for NG-RAN to UE signalling are listed in [4] together with some pros and cons.  Most companies seem to support the reuse of LPP also between NG-RAN Node and UE. The reuse of LPP seems the lowest impact and simplest solution, which also makes UE positioning procedures agnostic to regarding where the LMF is located (i.e., 5GCN LMF or NG-RAN LMC).  
LPP messages and procedures can be enabled in RRC via additional UL/DL RAN Information Transfer Container messages (similar to UL/DL Information Transfer for NAS messages), which would have minimal RRC impacts. 
The RRC signalling to request measurement gaps (e.g., Location Measurement Indication [24]) can be reused and extended in Rel-16. 
The RRC signalling for broadcast of assistance data can make use of existing System Information broadcast in NG‑RAN, similar as specified for LTE Rel-15 [12].
New RRC signalling may be needed to deliver UL location measurements to the UE; e.g., in order to support UE‑centric RTT positioning [25] and efficient hybrid positioning [26]. However, this may also be realized via the LPP DL Information Transfer container (e.g., as additional assistance data).
Therefore, the location procedures between a serving NG-RAN Node and UE need to support one or more of the following functions. 
-	All elementary LPP procedures defined in [21], where the individual LPP messages for a procedure are transported in (transparent) RRC UL/DL Information Transfer Container messages. 
-	Request assistance data by a target UE from a serving NG-RAN Node to assist location measurements by the target UE. (NOTE 1)
-	Request UL location measurements by a target UE from a serving NG-RAN Node. (NOTE 1)
-	Broadcast of assistance data by NG-RAN Nodes in System Information messages.
-	Request a change in DL PRS broadcast scheduling and configuration by a UE to a serving NG-RAN Node.
-	Request for broadcast of location information by a UE to a serving NG-RAN Node.
NOTE 1:	These functions could be supported at the LPP level and not at the RRC level. A determination is FFS.


Proposal 11:	Enhance RRC signalling in order to
-	support LPP elementary procedures between an NG-RAN Node (LMC) and UE via transparent RRC UL/DL Information Transfer Container messages;
-	support broadcast of assistance data via System Information messages;
-	support on-demand request by a target UE from a serving NG-RAN Node for DL PRS scheduling and broadcast assistance data. 


11. 	Summary 
In this contribution we proposed the overall NG-RAN postioning architecture and summarized the RAN protocol impacts to support new NR positioning methods and location management functionality in the NG-RAN. The discussions in this contribution led to the following proposals:
Proposal 1:		Allow NG-RAN Nodes to optionally include TPs, RPs and an LMC.
Proposal 2:	Existing NG-RAN capabilities in Release 15 for support of UE location, signalling between a UE and LMF and signalling between an NG-RAN node and LMF should be reused in Release 16.
Proposal 3:	The location management functionality in the NG-RAN (LMC) should have comparable capability to a 5GCN LMF. In particular, the LMC should be allowed to support the same set of position methods as a 5GCN LMF.
Proposal 4:	Extend the Location Reporting procedure to enable a serving AMF to request and obtain a more accurate UE location in the form of a GAD shape rather than a CGI.
Proposal 5:	Support delivery of ciphering key data from an NG-RAN Node to the AMF to allow support of broadcast assistance data by an LMC.
Proposal 6:	Location procedures between an LMF and NG-RAN Node should be added to NRPPa in order to obtain by an LMF UE location measurements or cell database information from an NG-RAN Node, as well as to transfer broadcast assistance data from an LMF to an NG-RAN Node and to coordinate UL location measurements and PRS broadcast among multiple NG-RAN Nodes.
Proposal 7:	Support location procedures between pairs of NG-RAN Nodes to obtain location measurements, transfer of assistance data, transfer of LPP container, and to coordinate changes in DL PRS broadcast and broadcast of location assistance data. 
Proposal 8:	Support signaling and location procedures between a gNB-CU and LMC based on F1AP to support the same location procedures as supported on NG, Xn, and NR-Uu interfaces and, in addition, support transfer of a UL/DL PRS configuration and measurements information to/from a gNB-DU/TRP from/to the LMC. 
Proposal 9:	Specify the various functionalities and endpoints required to support NG-RAN location (LMC) in a separate generic location protocol, that could be transported in Xn-C, NG-C, and F1-C messages.  Study further whether NRPPa (with appropriate extensions) is suitable for such a generic location protocol. 
Proposal 10:		Study detailed LPP impacts to support new NR position methods during the Work Item phase.
Proposal 11:		Enhance RRC signalling in order to
-	support LPP elementary procedures between an NG-RAN Node (LMC) and UE via transparent RRC UL/DL Information Transfer Container messages;
-	support broadcast of assistance data via System Information messages;
-	support on-demand request by a target UE from a serving NG-RAN Node for DL PRS scheduling and broadcast assistance data.
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