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[bookmark: _Ref349588338]1. 	Introduction
A new work item on "NR Positioning Support" has been agreed at RAN#83 [1]. The objectives include:
Resolve open aspects on architecture and proceed with normative work for the following items [RAN2/RAN3]:
[bookmark: _Hlk4572009]○	Location of the transmission measurement function
For LTE positioning [2], a "measurement function" element is specified as a "Location Measurement Unit (LMU)" exclusively for U-TDOA location. Similar, a "transmission function" element is defined as "Transmission Point (TP)", primarily for OTDOA location (or other DL-only methods; e.g., E-CID) which includes PRS-based Terrestrial Beacon Systems (TBS). 
Similar elements may be needed for NR positioning as well (at least logically). However, in addition to LMU-only and TP-only, there is also a need to support a combined measurement and transmission function at least for DL+UL methods (such as multi cell-RTT [1,3]). However, also for UL-only methods (such as U-TDOA) a transmission function may be needed as well for beam alignement, as discussed in [3]. 
In this contribution, we discuss some anticipated capabilities of the "transmission measurement function" and the signalling between an LMF and this function.
We use the following nomenclature in this contribution:
-	Transmission Point (TP); such as PRS-only TPs in LTE;
-	Reception Points (RP); such as LMUs in LTE;
- 	Transmission and Reception Points (TRPs), which combines TPs and RPs into a single element. 


2. 	Extended NG-RAN Positioning Architecture
The extended architecture is shown in Figure 1 below which is based on Figure 5.1-1 in TS 38.305 [6] with the addition of TPs/RPs shown in red. 


Figure 1: Extended Positioning Architecture applicable to NG-RAN. 
Additions shown in Figure 1 comprise the following:
-	Allow a gNB to control one or more DL-PRS Transmission Points (TPs) for support of position methods such as OTDOA (incl. PRS-based TBS), DL-AoD or ECID.
-	Allow a gNB to control one or more UL-PRS Reception Points (RPs) for support of UL position methods such as UTDOA, UL-AoA or ECID.
-	Allow the TP and RP function to be combined into a TRP for support of UL+DL position methods such as multi‑cell RTT or ECID.

Observation 1:	The NG-RAN architecture in Release 15 can be extended in Release 16 to allow optional support of Transmission Points (TPs), Reception Points (RPs) and combined Transmission and Reception Points (TRPs) in gNBs. 

3. 	TRPs versus separate TPs and RPs
There are two main architectural alternatives for support of TRPs:
A.	Logically separate RPs and TPs which can optionally be combined into a TRP;
B.	TRPs which can support functions for a TP, RP or TP and RP.
Alternative A would lead to three new elements within a gNB with three different internal interfaces to a CU. Alternative B requires only one new element in a gNB and one new internal interface. It therefore seems simpler to use alternative B. For example, with alternative B, a single set of IDs can be used to identify all TRPs in a gNB, whereas with alternative A, at least two sets of IDs would be needed with possibly a third set or some special convention needed to identify combined TP/RPs.
It is noted that there need be no functional difference between the two alternatives, and thus preference can be solely based on ease of standardization and implementation.
Observation 2:	It seems simpler to define combined TRPs, which support TP, RP and/or TP and RP functions than to define separate TPs and RPs.


4. 	TRP Capability and Architecture
The NR positioning methods have not yet been defined in detail. However, from the discussions so far [3] and from LTE positioning [2], the main TRP capabilities/function may include the following:
-	Transmission of DL PRS according to a selected configuration (which may be configured on-demand, e.g., based on required QoS).
-	Performing UL PRS signal measurements such as RTOA, Rx-Tx, or AOA, where the UL PRS configuration need to be provided to the RP on-demand.
-	Reporting UL signal measurements (for a particular UE) to the LMF.
For the above functions, the TRPs need to be accessible from an LMF in the 5GC, in order to configure a required/desired DL-PRS configuration, and to provide assistance data to the TRP to enable UL measurements (e.g., UL PRS configuration, start time, search window, etc.). In addition, the UL measurements need to be reported to the LMF for position calculation.
The TRP functionality can be supported by a gNB-DU, similar to "integrated LMUs" for LTE [2]. However, in certain deployment scenarios where sufficient communication coverage exists, but additional positioning coverage is desired (e.g., factory IIoT scenarios, etc.) a physically separate positioning TRP may be more economic, since only a small subset of gNB-DU functionality would be required for positioning purposes. In addition, positioning TRPs may be able to broadcast PRS configurations which cannot be supported by a gNB-DU (e.g., in case of a PRS-only Terrestrial Beacon System (TBS)). 
The TRPs would need to host only PHY layer (given the NR positioning discussions so far [3]). Therefore, they would essentially be a reduced functionality gNB-DU and can be accessed by the gNB-CU via F1 interface. This leads to the extended gNB architecture shown in Figure 2 below in case of TRPs are separated from gNB-DUs. 


Figure 2: Extended gNB Architecture.

NOTE:	Since the CU-TRP signalling can be based on F1AP (as discussed in further detail in section 5 below), TRPs separated from DUs may also be considered as an implementation option (i.e., there may be no additional specification impact for physically separated TRPs; e.g., a range of gNB-DU IDs could be reserved for physically separate TRPs, which may be considered as "positioning-only DUs"). 

Observation 3:	The TRPs ("transmission measurement function") could be connected to the gNB-CU via F1 interface.


5. 	Signaling between an LMF and TRP
For some of the TRP functions listed in section 4 above, a separate interface and protocol was defined for LTE (i.e., SLmAP [4]). For NR however, it appears sensible to add the LMF-TRP signalling to NRPPa [5], since the principle NRPPa procedures (i.e., Location Information Transfer Procedures and Management Procedures) would apply also to TRPs. 
Observation 4:	NRPPa could be used for the signalling between an LMF and TRP/gNB-DU.
NRPPa supports non-UE associated and UE-associated signalling. The former is primarily for providing RAN information to an LMF (e.g., SFN-Initialization Time, Access Point Location, etc.). UE-associated signalling is currently used for UL E-CID, where UE measurements are configured using RRC [6]. 
The signalling between an LMF and TRP may be non-UE associated signalling. E.g., UL/DL PRS configuration information has to be provided to the TRP, and TRP measurements have to be reported to an LMF. Therefore, for this function, it seems NRPPa could be terminated at the TRP (or gNB-DU). 
However, since the gNB-CU hosts RRC, it seems that for UE-associated signalling NRPPa need to be terminated at the gNB-CU. The gNB-CU would have to decode the NRPPa message in order to determine any required RRC configurations for a particular UE. 
[bookmark: _Hlk4714128]The NRPPa termination point was discussed at RAN3#103bis and it was agreed that in case of split gNB, the gNB-CU terminates NRPPa [7]. 
The signalling between a gNB-CU and TRP can be based on F1AP as specified in TS 38.473 [8]. However, as discussed above, it may in general not be possible to forward an NRPPa PDU transparently to a TRP (or gNB-DU which hosts TRP functionality). This in turn would mean that positioning messages and procedures would need to be defined in F1-AP. At least for some NRPPa messages (e.g., non-UE associated TRP configuration and measurement messages) this may likely mean defining an almost exact copy of NRPPa messages in F1-AP. 
In order to avoid duplicated positioning message definition (which increases specification maintenance effort and could increase implementation), it would be desirable to collect all positioning related messages and procedures in a single protocol (i.e., in NRPPa). This will be straightforward if NRPPa messages can be relayed through a gNB-CU without change between an LMF and a TRP/gNB-DU. However, if this proves not to be possible, an F1 specific message definition can still be defined in NRPPa as a "standalone ASN.1" element (basic production) which can be transported as a transparent container inside an F1-AP transport message between a gNB-CU and a TRP/gNB-DU. The same principle was used for the positioning SIB definition for broadcast of assistance data in E‑UTRAN [2]. I.e., the details of the positioning SIBs are defined exclusively in LPP [9] and the positioning SIB in RRC is only an OCTET STRING container. This avoids updating RRC whenever some changes or additions to the positioning SIB content are made. The same principle could be applied for the NRPPa and F1-AP signalling, which would allow consolidating all positioning related messages in a single protocol (NRPPa).
Observation 5:	A generic F1-AP UL/DL Transport Message could be defined, which carries an OCTET STRING container. The message definition required for gNB-CU and TRP/gNB-DU signalling can be defined in NRPPa.
The discussion above leads to the signalling between an LMF and TRP/gNB-DU as shown in Figure 3 below.



Figure 3: NRPPa PDU Transfer between an LMF and TRP/gNB-DU.
Since NRPPa is terminated at the gNB-CU, the gNB-CU would have to decode at least part of the NRPPa message and determine any follow-up action (e.g., configure TRPs/gNB-DUs, or configure RRC for a UE, etc.). The "Positioning PDU" in F1-AP could be defined as an OCTET STRING with the detailed message definition specified in NRPPa. The Positioning PDU might be included also as an OCTET STRING in the NRPPa messages for steps 1-2 and 5-6, which would minimize gNB-CU decoding and coding impact. However, the Positioning PDU could also be included at steps 1-2 and 5-6 as a more integrated part of the NRPPa messages (and not as an OCTET STRING), which would increase gNB-CU coding and decoding impact (in order to code or decode the Positioning PDU), but might reduce the message size and increase the flexibility of NRPPa signaling.


6. 	Summary 
In this contribution we discussed the "location of the transmission measurement function" and the signalling between an LMF and this function. The following Observations were made:
Observation 1:	The NG-RAN architecture in Release 15 can be extended in Release 16 to allow optional support of Transmission Points (TPs), Reception Points (RPs) and combined Transmission and Reception Points (TRPs) in gNBs. 
Observation 2:	It seems simpler to define combined TRPs, which support TP, RP and/or TP and RP functions than to define separate TPs and RPs.
Observation 3:	The TRPs ("transmission measurement function") could be connected to the gNB-CU via F1 interface.
Observation 4:	NRPPa could be used for the signalling between an LMF and TRP/gNB-DU.
Observation 5:	A generic F1-AP UL/DL Transport Message could be defined, which carries an OCTET STRING container. The message definition required for gNB-CU and TRP/gNB-DU signalling can be defined in NRPPa.
Based on these observations, the following is proposed:
Proposal 1:	The TRP ("transmission measurement function") should be included in the gNB and should support TP, RP and/or TP and RP functions. 
Proposal 2:	Allow a TRP being separate from a gNB-DU and connected to a gNB-CU via F1 interface.
Proposal 3:	Define the LMF-TRP/DU signalling and procedures in NRPPa [5].
Proposal 4:	Define a generic F1-AP [8] UL/DL Transport Message which carries an OCTET STRING container whose content can be a Location Information Transfer or Management Procedure specified in NRPPa.
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