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A new work item on "NR Positioning Support" has been agreed at RAN#83 [1], and further updated at RAN#84 [2]. The objectives include:
RAN3 centric objectives
Define extensions of NRPPa protocol for NR positioning [RAN3]
RAN2 + RAN3 centric objectives
Resolve open aspects on architecture and proceed with normative work for the following items [RAN2/RAN3]:
· Location of the transmission measurement function 

In addition, and although not explicitly mentioned in the objectives, RAN3 is also expecting to work on the impacts of the above (and all other objectives) on the internal RAN architecture and protocols (e.g. F1AP). Impacted specifications include TS 38.401 [3] and TS 38.473 [4].
As of RAN3#104, there were some basic agreements on architecture including the positioning architecture in the case of split gNB. There was some discussion but no agreements on the F1 protocol impacts. One aspect of concern is that requirements and details on F1 should only be considered either after the overall NRPPa functionality is established, or at least in conjunction with this funtionality – as opposed to extrapolation based on the reduced NRPPa functionality of release 15.
This document reviews some of the general aspects of positioning support in the RAN, and derives requirements for F1 based on the expected overall positioning functionality including that in NRPPa.
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 [5] 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 positioning 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 positioning 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.
As discussed in [6], it is convenient to define a TRP as a generic entity (which may host transmitting or receiver functionality or both).
Observation 1:	The NG-RAN architecture in Release 15 can be extended in Release 16 to allow optional support of Transmission and Reception Points (TRPs) in gNBs.
For a split gNB, it was also agreed that the gNB-CU terminates the NRPPa protocol, and gNB-DU may include positioning measurement functionality. In addition, it has already been noted [6] that, 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. The TRPs would need to host only PHY layer and would have no need for F1-u termination. Therefore, they would essentially be a reduced functionality gNB-DU, which can be referred to as gNB-DUp (see [7] for resulting architecture).
Observation 2:	F1-c supports connectivity towards TRPs in the gNB-DU. An F1-c instance may support cell services, positioning services, or both. 
3. 	LMF functionality towards TRPs
From NRPPa point of view, the messages and functionality should not depend on the specific architecture deployed (e.g. whether the TRPs are reached via F1, or whether a TRP is co-located with a gNB-DU offering cell services). In general, and regardless of deployment scenario, the LMF will need to address TRPs in NRPPa messages. For example:
· An LMF needs to be able to control UL measurements on a per TRP basis, and to receive UL measurements that relate to a specific TRP.
· An LMF needs to be able to control DL PRS transmission on a per TRP basis.
· Further to the above, an LMF needs to be able to control individual resources within a TRP [8]; individual resources may be e.g. specific antennas or beams. 
· The assistance data proposed for DL UE based mode [9] is organized around TRPs, and respective resources in order to provide an association with separate assistance data for DL PRS measurements (e.g. which would be in a different posSIB when broadcast is used). 
In any case, the LMF needs to have effective control and visibility of individual TRPs for OTDOA, UTDOA multi-cell RTT. Blanket commands to a gNB (gNB-CU) to measure UL PRS or transmit DL PRS could not work effectively as the gNB-CU would not know which TRPs should be invoked. Furthermore, granular control of resources for a TRP is not possible without addressing a specific TRP.
Observation 3:		The LMF needs to have control and visibility of individual TRPs in at least some NRPPa positioning procedures.
4.	NRPPa and F1AP requirements
4.1	Message structure
Based on the above, we expect to have NRPPa messages that will 
· Specifically address a TRP to request specific measurements (possibly indicating TRP resources to be used).
· Specifically address a TRP to request specific transmissions (possibly indicating TRP resources to be used).
· Specifically address a TRP/resource to request it to transmit a given assistance data set.
Corresponding response messages will also be structured per TRP (e.g. measurement results, OTDOA information, etc).
This implies that many NRPPa messages will include a list of TRPs and for each TRP, one or more resource sets (with associated requests or responses). In the case of a split gNB, the gNB-CU will essentially route these requests to the gNB-DU hosting the TRP(s) – so potentially the structure of the F1AP message could be very similar to that in NRPPa.
Observation 4:		A number of NRPPa messages will include a list of TRPs / resources with associated requests or responses, and the resulting F1 messages will have the same structure.
It would make sense to construct such messages (NRPPa and/or F1AP) in a modular fashion that could be easily expanded as necessary without impacting the main structure. For example, the below Figure 2 shows such a possible generic structure for NRPPa. Note that in some cases either CU- or the TRP-level information might not be required.
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Figure 2: Generic NRPPa message structure. 

In case of aggregated architecture, the gNB processes this information and controls TRPs based on implementation. In the case of the split architecture, the gNB-CU also processes information as needed, but regarding F1 it may simply group the TRP elements for TRPs hosted by a target gNB-DU, and create one or several messages as per Figure 3 below:
[image: ]

Figure 3: Generic F1AP message structure. 

This structure logically separates information needed at the two levels, and should also simplify the functionality of the gNB-CU.
Proposal 1:	Structure NRPPa / F1AP messages to allow separation of CU and TRP level information, as well as LMF addressing of specific TRPs / TRP resources.
4.2	TRP-level IE handing at gNB-CU
The TRP-level information will likely be defined in the NRPPa specification, i.e. in terms of tabular presentation and associated ASN.1. There are then at least two ways for handling in F1AP (which is related to handling in the gNB-CU):
(a) Defining the TRP-level information explicitly in F1AP 
(b) Defining a per-TRP list in F1AP, where the TRP information is included by reference to NRPPa, i.e. as an octet string
Option (a) could be supported by defining NRPPa and F1AP messages as single blocks of ASN.1. Even though the TRP-level information may still be structured per TRP (e.g. using an ASN.1 SEQUENCE OF data type), there would be no way to extract or insert this information without a complete decoding or a complete encoding, respectively, of the entire message. Option (b) allows an approach in which TRP-level information is included in both NRPPa and F1AP messages as octet strings relative to the top level message structure (e.g., in the form {TRP ID, TRP-level IE}), whose internal coding is defined by separate ASN.1 data types in NRPPa. This would enable simple copy/paste without interpretation, when transferring TRP-level information from an NRPPa message to an F1AP message or the reverse. However, interpretation could still take place in the gNB-CU, if required (just as RRC messages conveyed in XnAP can be optionally interpreted in some cases), but both types of implementations would be enabled.
With both Options (a) and (b), a gNB-CU would receive an NRPPa message from an LMF, convert the message into one or more equivalent per-gNB-DU F1AP messages and send these to the one or more gNB-DUs. But the message conversion would be simple for Option (b) and more complex for Option (a). Similar conversion would apply in the reverse direction with a gNB-CU needing to decide whether to aggregate the responses from all gNB-DUs before returning these to the LMF in a single NRPPa response or to return the response from each gNB-DU in a separate NRPPa message. Options (a) and (b) allow both alternatives, but it is simpler with Option (b).
Note that with Option (b), implementations that do not interpret the per-TRP information would have a reduced impact to upgrade to new functionality or a new release in the gNB-CU. 
From a standards development perspective, option (a) requires mirroring every single NRPPa change in F1AP. This is a rather cumbersome process which may also lead to errors (either in the specs or implementation). Option (b) would significantly limit the maintenance and development of positioning functionality in RAN3 specifications.
Proposal 2:	Structure TRP-level information in NRPPa in such a way that allows referencing to a per-TRP Information Element, as an octet string, when constructing the equivalent F1AP message.
4.3	Message examples
In the following we consider how some procedure types could be supported using the above framework. For simplicity, the examples are developed using known LTE messages (LPPa and SLmAP). 
UTDOA Measurement Request / Response
Taking a direct example from SLmAP, the NRPPa UTDOA MEASUREMENT REQUEST could have a structure as follows:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Message Type
	M
	
	
	

	NRPPa Transaction ID
	M
	
	
	

	LMF Measurement ID
	M
	
	
	

	TRP Measurement Configuration
	M
	<1..
maxTRPs>
	
	

	>TRP ID
	
	
	
	

	>UL RTOA Measurement Configuration
	M
	
	OCTET STRING embedding a separate ASN.1 data type in NRPPa
	



While the resulting F1AP UTDOA MEASUREMENT REQUEST could be structured as follows:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Message Type
	M
	
	
	

	Transaction ID
	M
	
	Note: this is the F1AP Transaction ID
	

	NRPPa Transaction ID
	M
	
	
	

	LMF Measurement ID
	M
	
	
	

	TRP Measurement Configuration
	M
	<1..
maxTRPs>
	
	

	>TRP ID
	
	
	
	

	>UL RTOA Measurement Configuration
	M
	
	OCTET STRING
	References the separate ASN.1 data type in NRPPa



Note that the transaction IDs are protocol specific but enable the response messages to be linked and correctly processed. The response messages would have basically the same structure, with replacement of Measurement Configuration by Measurement Results. The NRPPa Transaction ID and LMF Measurement ID are included in the F1AP message to avoid the need for state information in a gNB-CU and/or a need to map an NRPPa Transaction ID and LMF Measurement ID to and from an F1AP Transaction ID.
OTDOA Information Request/Response
The NRPPa OTDOA MEASUREMENT REQUEST could have a structure as follows:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Message Type
	M
	
	
	

	NRPPa Transaction ID
	M
	
	
	

	TRP Information Request List
	M
	<1..
maxTRPs>
	
	

	>TRP ID
	
	
	
	

	>TRP OTDOA Information Request Type
	M
	
	OCTET STRING embedding a separate ASN.1 data type in NRPPa
	



While the resulting F1AP OTDOA MEASUREMENT REQUEST could be structured as follows:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Message Type
	M
	
	
	

	Transaction ID
	M
	
	Note: this is the F1AP Transaction ID
	

	NRPPa Transaction ID
	M
	
	
	

	TRP Information Request List
	M
	<1..
maxTRPs>
	
	

	>TRP ID
	
	
	
	

	>TRP OTDOA Information Request Type
	M
	
	OCTET STRING
	Includes the TRP OTDOA Information Request Type IE as defined in TS 38.455.



Assistance Information Broadcast
The NRPPa ASSISTANCE INFORMATION CONTROL could have a structure as follows:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Message Type
	M
	
	
	

	NRPPa Transaction ID
	M
	
	
	

	TRP Assistance Information List
	M
	<1..
maxTRPs>
	
	

	>TRP ID
	
	
	
	

	>TRP Assistance Information Control
	M
	
	
	



[bookmark: _GoBack]Where the TRP Assistance Information Control IE could e.g. include both the Assistance Information, and the Start/Stop control. Since assistance information is normally broadcast with cell ID granularity, the list of TRPs might be replaced by a list of cells, with a gNB-CU mapping each cell to a TRP or gNB-DU.
The resulting F1AP ASSISTANCE INFORMATION CONTROL could be structured as follows:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Message Type
	M
	
	
	

	Transaction ID
	M
	
	Note: this is the F1AP Transaction ID
	

	NRPPa Transaction ID
	M
	
	
	

	TRP Assistance Information List
	M
	<1..
maxTRPs>
	
	

	>TRP ID
	
	
	
	

	> TRP Assistance Information Control
	M
	
	OCTET STRING
	Includes the TRP Assistance Information Control IE as defined in TS 38.455.




5. 	Summary and Conclusions
In this contribution we discussed several aspects related to how F1AP shall support positioning functionality and TRP functionality in particular. The following observations have been made:
Observation 1:	The NG-RAN architecture in Release 15 can be extended in Release 16 to allow optional support of Transmission and Reception Points (TRPs) in gNBs.
Observation 2:	F1-c supports connectivity towards TRPs in the gNB-DU. An F1-c instance may support cell services, positioning services, or both.
Observation 3:		The LMF needs to have control and visibility of individual TRPs in at least some NRPPa positioning procedures.
Observation 4:		A number of NRPPa messages will include a list of TRPs / resources with associated requests or responses, and the resulting F1 messages will have the same structure.
Consequently, it is proposed to handle protocol design as follows:
Proposal 1:	Structure NRPPa / F1AP messages to allow separation of CU and TRP level information, as well as LMF addressing of specific TRPs / TRP resources.
Proposal 2:	Structure TRP-level information in NRPPa in such a way that allows referencing to a per-TRP Information Element, as an octet string, when constructing the equivalent F1AP message.
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