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1   Introduction
In RAN3#105bis meeting, NRPPa procedures have been discussed and an initial agreement has been made [1]:


A TRP is identified by a {TRP ID, cell ID} pair, where the cell ID is optional. Absence of the cell ID indicates that the TRP is not associated with a cell. 
During the meeting, it also has been raised in [2] that the TRP configurations need to be pre-uploaded to LMF. This paper discuss the general NRPPa procedures in R-16.
Then the contribution propose a LS according to the discussion.

Finally we propose some correction according to the last meeting decision to keep all in single place for BL CR. 
2   Discussion

2.1 Acquiring TRP information 
In [2], it is proposed to upload basic TRP information for all TRPs to the LMF in advance, such as TRP ID and cell ID pair, in order to let LMF select TRP and request information from TRPs. However, there is no necessary to do this. Or, it might be problematic for pre-uploading the TRP information to LMF.
1. Pre-uploading information provide no benefits (latency, accuracy, etc.), but incur extra information exchange procedures. 
2. The number of TRPs can be extremely huge, which requires LMF to maintain a huge database. This would increase the burden of both storage and complexity in LMF.
3. The TRP information might be changing, which would need to frequently update this information to LMF. Considering there are huge number of TRPs, the updating messages from different TRPs may be highly frequent at LMF, ie, signalling storm at LMF.
4. The TRP ID may not be globally unique. Pre-uploading the TRP ID would not helpful for LMF to select TRP.

5. The pos-only TRP cannot be configured by LMF. It is configured by gNB. 

Observation 1: Pre-uploading provide no benefits but incur high storage requirement and complexity at LMF and also has the risk of signalling storm at LMF; TRP ID may not be globally unique and cannot be uniquely identified at LMF; pos-only TRP cannot be configured directly by LMF.
If fact, the LMF can request TRP information from gNBs in the traditional way. For example, for DL positioning methods such as OTDOA/DL-TDOA/DL-AOD:

1. LMF request DL configuration information from gNB. The requesting message would include the cell information and would ask for information including the TRP ID, the DL PRS configurations, and the coordinates of the TRP. 
2. With the cell information, gNB can response to LMF with the DL configurations of the proper TRPs. Also, gNB can configure pos-only TRP to transmit PRS and response to LMF with the information of this pos-only TRP, including TRP ID, DL configurations and its coordinates. 
In the split gNB, gNB-CU can select the proper gNB-DU according to the cell information. gNB-CU would request the listed information from the cell related gNB-DU if gNB-CU does not have all the information. For example, gNB-CU request the DL configurations from gNB-DU. Similarly, gNB-DU response to gNB-CU with the listed information including DL PRS configurations, TRP ID and the coordinates. gNB-DU can also configure pos-only TRPs, and response to gNB-CU with its information.
Observation 2: For downlink positioning methods, with a cell information, gNB-CU can know which gNB-DU it should request DL information from. Also, gNB/gNB-DU can provide DL information of proper TRPs according to the cell information.  
For uplink method such as UL-TDOA, UL-AOA, LMF request UL SRS configurations from the serving gNB and request the serving gNB to configure the UE to send SRS. This message is a UE associated message. Thus gNB-CU would know which gNB-DU it request UL SRS from. 
Observation 3: For uplink positioning methods, the message sent by LMF to serving gNB to request UL SRS configurations is UE associated and gNB-CU would know which gNB-DU to request the SRS configurations.  

When LMF request UL measurements from gNBs, gNB-CU would need to select gNB-DU to request UL measurements. Similar to DL information request, LMF can identify the cell, then gNB-CU can request the gNB-DU according to the cell information. 
Observation 4: For uplink positioning methods, with a cell information, gNB-CU can know which gNB-DU it should request measurements from. Also, gNB/gNB-DU can provide the UL measurements of proper TRPs according to the cell informations. 
Proposal 1: A cell information can be included in the information request message for DL positioning methods and measurement request message for UL positioning methods from LMF to gNB.

2.2 Angle resolution for DL-AOD
In DL-AOD positioning, the UE position is estimated based on multiple Angles of Departure (AoD) of DL PRS from gNBs, along with knowledge of the geographical coordinates of the measured gNBs. Unlikly DL-TDOA, in which the UE location can be derived from the UE measurements, the measurements in DL-AoD should be combined with the gNB DL information in order to derive AoD and further calculate the UE location at LMF. 

There are two main options for the AoD calculations: 


Option 1: RAN node reports the mapping table or fingerprints in the assistant information to LMF. UE reports RSRP measurements to LMF. LMF can calculate the AoD based on the UE measurements and further calculate UE location.

Option 2: UE reports RSRP measurements to LMF. Then, LMF sends an AoD information request message, in which the RSRP measurements are included, to the RAN nodes. The RAN nodes calculate the AOD with the RSRP information and send the AoD information to LMF, who then calculates the UE position. Figure 1 illustrates this procedure. 


[image: image1]
Figure 1, procedures in option 2.
In option 2, the following information might be included in the message sent from LMF to NG-RAN to request AoD information:  

· PRS resource set ID,

· PRS resource IDs, 
· PRS-RSRPs associated with the PRS resource IDs. 

And the NG-RAN can then send the following information back to LMF: AoA/ZoA, and quality of AoA/ZoA. 
Option 1 has the minimal impact on the standardization, but it requires RAN nodes to report the mapping table (SCS, BWP, etc.) to LMF. The mapping table can be large, so the message size can be large. Option 2 can reduce the message size compared to option 1, but it needs additional message procedures, which may lead to higher latency. Option 1 and option 2 have its own benefits in terms of trade-off between complexity and the latency. Table 1 compares the benefits between option 1 and option 2. However, option 2 keeps gNB configuration transparent to LMF, which may be the key benefit. Also, the size of the configuration and associated mapping table to the measurement can be huge, which may cause problems for option 1. Thus, option 2 should be prioritized.

Table 1, Comparison between option 1 and option 2

	
	Opt. 1: AOD calculation at LMF
	Opt. 2: AOD calculation at NG-RAN

	Work load
	LMF
	NG-RAN

	Message size
	Large (Mapping table)
	Small

	gNB DoA configuration display
	Yes
	No

	Latency
	Low (Angle resolution locally using preconfigured table)
	High (NRPPa message per angle resolution)


Observation 5: Option 2 keeps gNB configuration transparent to LMF, while the message size containing the mapping table may be too large to be transferred in the NPPa messages in option1.
We have then a slight preference for option 2, thinning also that gNB processing should be performing today.
Proposal 2: Support option 2 for measurement reporting and AOD calculations in DL-AOD positioning method.
We also suggest to LS RAN2 considering the UE measurements report (LPP).

Proposal 3: Send a LS to RAN2 about the DL-AOD positioning procedure.
3   Conclusion of the discussion
Based on the discussion in this paper, we propose:
Observation 1: Pre-uploading provide no benefits but incur high storage requirement and complexity at LMF and also has the risk of signalling storm at LMF; TRP ID may not be globally unique and cannot be uniquely identified at LMF; pos-only TRP cannot be configured directly by LMF.
Observation 2: For downlink positioning methods, with a cell information, gNB-CU can know which gNB-DU it should request DL information from. Also, gNB/gNB-DU can provide DL information of proper TRPs according to the cell information.  
Observation 3: For uplink positioning methods, the message sent by LMF to serving gNB to request UL SRS configurations is UE associated and gNB-CU would know which gNB-DU to request the SRS configurations.
Observation 4: For uplink positioning methods, with a cell information, gNB-CU can know which gNB-DU it should request measurements from. Also, gNB/gNB-DU can provide the UL measurements of proper TRPs according to the cell informations. 
Proposal 1: A cell information can be included in the information request message for DL positioning methods and measurement request message for UL positioning methods from LMF to gNB.

Observation 5: Option 2 keeps gNB configuration transparent to LMF, while the message size containing the mapping table may be too large to be transferred in the NPPa messages in option1.
Proposal 2: Support option 2 for measurement reporting and AOD calculations in DL-AOD positioning method.
Proposal 3: Send a LS to RAN2 about the DL-AOD positioning procedure.
4   LS on DL-AOD procedure 
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1. Overall Description:

In the DL-AoD positioning technique, the UE position is estimated based on multiple Angles of Departure (AoD) of DL PRS from RAN node to UE, along with knowledge of the geographical coordinates of the measured RAN nodes. In DL-AoD procedure, the UE measurements in DL-AoD should be combined with the RAN node information in order to derive AOD and further calculate the UE location at LMF.  
There are two options for the measurements reporting and AOD calculation: 

Option 1: RAN node reports the mapping table or fingerprints in the assistance information to LMF. UE reports RSRP measurements to LMF directly. LMF calculates the AOD based on the UE measurements and RAN node assistance information. LMF then further calculates UE location based on the AODs.

Option 2: UE reports RSRP measurements to LMF directly. Then, LMF sends an AoD information request message, in which the RSRP measurements are included, to the RAN nodes. The RAN nodes calculate the AoD with the RSRP information based on gNB configuration and send the AoD information back to LMF, who then calculates the UE position.  
RAN3 has preference to support option 2 for DL-AOD positioning method in the stage 2 specifications.

2. Actions:

To RAN2:

ACTION: 
RAN3 kindly asks RAN2 to take the above information into account and feedback if any.
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6   3
Definitions, symbols and abbreviations

6.1   3.1
Definitions

Editor’s note: This section should be checked / provided by RAN2
For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

As used in this document, the suffixes "-based" and "-assisted" refer respectively to the node that is responsible for making the positioning calculation (and which may also provide measurements) and a node that provides measurements (but which does not make the positioning calculation). Thus, an operation in which measurements are provided by the UE to the LMF to be used in the computation of a position estimate is described as "UE-assisted" (and could also be called "LMF-based"), while one in which the UE computes its own position is described as "UE-based".

Transmission Point (TP): A set of geographically co-located transmit antennas (e.g. antenna array (with one or more antenna elements)) for one cell, part of one cell or one DL PRS-only TP. Transmission Points can include base station (ng-eNB or gNB) antennas, remote radio heads, a remote antenna of a base station, an antenna of a DL PRS-only TP, etc. One cell can be formed by one or multiple transmission points. For a homogeneous deployment, each transmission point may correspond to one cell. 
Reception Point (RP): A set of geographically co-located receive antennas (e.g. antenna array (with one or more antenna elements)) for one cell, part of one cell or one UL PRS-only RP. Reception Points can include base station (ng-eNB or gNB) antennas, remote radio heads, a remote antenna of a base station, an antenna of a UL PRS-only RP, etc. One cell can be supported by one or multiple reception points. For a homogeneous deployment, each reception point may correspond to one cell.
PRS-only TP: A TP which only transmits PRS signals for PRS-based TBS positioning and is not associated with a cell. 
Transmission-Reception Point (TRP): A set of geographically co-located antennas (e.g. antenna array (with one or more antenna elements)) supporting TP and/or RP functionality. 
6.2   3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

5GC
5G Core Network

5GS
5G System

ADR
Accumulated Delta Range

AoA
Angle of Arrival

AP
Access Point

ARP
Antenna Reference Point

BDS
BeiDou Navigation Satellite System

BSSID
Basic Service Set Identifier

CID
Cell-ID (positioning method)

E-SMLC
Enhanced Serving Mobile Location Centre

E-CID
Enhanced Cell-ID (positioning method)

ECEF
Earth-Centered, Earth-Fixed

ECI
Earth-Centered-Inertial

EGNOS
European Geostationary Navigation Overlay Service

E-UTRAN
Evolved Universal Terrestrial Radio Access Network

FDMA
Frequency Division Multiple Access

FKP
Flächenkorrekturparameter (Engl: Area Correction Parameters)

GAGAN
GPS Aided Geo Augmented Navigation

GLONASS
GLObal'naya NAvigatsionnaya Sputnikovaya Sistema (Engl.: Global Navigation Satellite System)

GMLC
Gateway Mobile Location Center

GNSS
Global Navigation Satellite System

GPS
Global Positioning System

GRS80
Geodetic Reference System 1980

HESSID
Homogeneous Extended Service Set Identifier

LCS
LoCation Services

LMF
Location Management Function

LPP
LTE Positioning Protocol

MAC
Master Auxiliary Concept

MBS
Metropolitan Beacon System

MO-LR
Mobile Originated Location Request

MT-LR
Mobile Terminated Location Request

NG-C
NG Control plane

NG-AP
NG Application Protocol

NI-LR
Network Induced Location Request

N-RTK
Network – Real-Time Kinematic

NRPPa
NR Positioning Protocol A

OTDOA
Observed Time Difference Of Arrival
PDU
Protocol Data Unit

PPP
Precise Point Positioning

PRS
Positioning Reference Signal (for E-UTRA)

QZSS
Quasi-Zenith Satellite System 
RP
Reception Point
RRM
Radio Resource Management

RSSI
Received Signal Strength Indicator

RTK
Real-Time Kinematic

SBAS
Space Based Augmentation System

SET
SUPL Enabled Terminal

SLP
SUPL Location Platform

SSID
Service Set Identifier

SSR
State Space Representation

SUPL
Secure User Plane Location

TADV
Timing Advance

TBS
Terrestrial Beacon System

TP
Transmission Point 
TRP
Transmission-Reception Point
UE
User Equipment

WAAS
Wide Area Augmentation System

WGS-84
World Geodetic System 1984

WLAN
Wireless Local Area Network

7   5
NG-RAN UE Positioning Architecture

7.1   5.1
Architecture

Editor’s note: Details related to TP/RP/TRP including architecture figure need to be checked with RAN2
Figure 5.1-1 shows the architecture in 5GS applicable to positioning of a UE with NG-RAN or E-UTRAN access, the NG-RAN architecture to support positioning is described in TS 38.401 [xx].

The AMF receives a request for some location service associated with a particular target UE from another entity (e.g., GMLC) or the AMF itself decides to initiate some location service on behalf of a particular target UE (e.g., for an IMS emergency call from the UE) as described in TS 23.502 [26]. The AMF then sends a location services request to an LMF. The LMF processes the location services request which may include transferring assistance data to the target UE to assist with UE-based and/or UE-assisted positioning and/or may include positioning of the target UE. The LMF then returns the result of the location service back to the AMF (e.g., a position estimate for the UE. In the case of a location service requested by an entity other than the AMF (e.g., a GMLC), the AMF returns the location service result to this entity.

An NG-RAN node may control several TRPs, such as remote radio heads, or DL PRS-only TPs for support of PRS-based TBS.

An LMF may have a signalling connection to an E-SMLC which may enable an LMF to access information from E‑UTRAN (e.g. to support the OTDOA for E-UTRA positioning method using downlink measurements obtained by a target UE of signals from eNBs and/or PRS-only TPs in E-UTRAN). Details of the signalling interaction between an LMF and E-SMLC are outside the scope of this specification.

An LMF may have a signalling connection to an SLP. The SLP is the SUPL entity responsible for positioning over the user plane. Further details of user-plane positioning are provided in [15][16].
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Figure 5.1-1: UE Positioning Architecture applicable to NG-RAN

NOTE 1:
The gNB and ng-eNB may not always both be present.

NOTE 2:
When both the gNB and ng-eNB are present, the NG-C interface is only present for one of them (FFS).

7.1.1   5.1.1
TRP in gNB-CU/gNB-DU Architecture

Editor’s note: This section contains material related to positioning impacts on split architecture and F1 Some of the material in this section may move to TS38.401. Material that is likely to move to TS 38.401 should be indicated.

*** Start of possible TS 38.401 text ***
Figure 5.1.1-1 shows the gNB architecture applicable to positioning of a UE in case of a split gNB.
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Figure 5.1.1-1: gNB Positioning Architecture
The gNB-CU terminates the NRPPa protocol.
A gNB-DU may include TRP functionality. A TRP can support functions for a TP, RP or both TP and RP
A gNB-DU which includes TRP functionality does not need to offer cell services. 

Editor’s note: further details are FFS.
*** End of possible TS 38.401 text ***
8   6
Signalling protocols and interfaces

8.1   6.1
Network interfaces supporting positioning operations

8.1.1   6.1.1
General LCS control plane architecture

The general LCS control plane architecture in the 5GS applicable to a target UE with NG-RAN access is defined in TS 23.501 [2].

8.1.2   6.1.2
NR-Uu interface

The NR-Uu interface, connecting the UE to the gNB over the air, is used as one of several transport links for the NR positioning protocol(s) for a target UE with NR access to NG-RAN.

8.1.3   6.1.3
LTE-Uu interface

The LTE-Uu interface, connecting the UE to the ng-eNB over the air, is used as one of several transport links for the LTE positioning protocol(s) for a target UE with LTE access to NG-RAN.

8.1.4   6.1.4
NG-C interface

The NG-C interface between the gNB and the AMF and between the ng-eNB and the AMF is transparent to all UE-positioning-related procedures. It is involved in these procedures only as a transport link for the NR positioning protocol(s).

For gNB related positioning procedures, the NG-C interface transparently transports both positioning requests from the LMF to the gNB and positioning results from the gNB to the LMF.

For ng-eNB related positioning procedures, the NG-C interface transparently transports both positioning requests from the LMF to the ng-eNB and positioning results from the ng-eNB to the LMF.

8.1.5   6.1.5
NLs interface

The NLs interface, between the LMF and the AMF, is transparent to all UE related, gNB related and ng-eNB related positioning procedures. It is used only as a transport link for the LTE Positioning Protocols LPP and NRPPa. 
8.1.6   6.1.6
F1 interface

The F1 interface is used to support the exchange of positioning information between the gNB-DU and the gNB-CU; it is also used as a transport link for the NR Positioning Protocol LPP.
8.2   6.2
UE-terminated protocols

8.2.1   6.2.1
LTE Positioning Protocol (LPP)

The LTE Positioning Protocol (LPP) is terminated between a target device (the UE in the control-plane case or SET in the user-plane case) and a positioning server (the LMF in the control-plane case or SLP in the user-plane case). It may use either the control- or user-plane protocols as underlying transport. In this specification, only control plane use of LPP is defined. User plane support of LPP is defined in [15] and [16].

LPP messages are carried as transparent PDUs across intermediate network interfaces using the appropriate protocols (e.g., NGAP over the NG-C interface, NAS/RRC over the LTE-Uu and NR-Uu interfaces). The LPP protocol is intended to enable positioning for NR and LTE using a multiplicity of different position methods, while isolating the details of any particular positioning method and the specifics of the underlying transport from one another.

The protocol operates on a transaction basis between a target device and a server, with each transaction taking place as an independent procedure. More than one such procedure may be in progress at any given moment. An LPP procedure may involve a request/response pairing of messages or one or more "unsolicited" messages. Each procedure has a single objective (e.g., transfer of assistance data, exchange of LPP related capabilities, or positioning of a target device according to some QoS and use of one or more positioning methods). Multiple procedures, in series and/or in parallel, can be used to achieve more complex objectives (e.g., positioning of a target device in association with transfer of assistance data and exchange of LPP related capabilities). Multiple procedures also enable more than one positioning attempt to be ongoing at the same time (e.g., to obtain a coarse location estimate with low delay while a more accurate location estimate is being obtained with higher delay).

An LPP session is defined between a positioning server and the target device, the details of its relation with transactions are described in clause 4.1.2 of TS 36.355 [19].

For the 3GPP 5GS Control Plane solution defined in TS 23.501 [2] and TS 23.502 [26], the UE is the target device and the LMF is the server. For SUPL 2.0 support, the SUPL Enabled Terminal (SET) is the target device and the SUPL Location Platform (SLP) is the server. The operations controlled through LPP are described further in clause 7.1.

8.2.2   6.2.2
Radio Resource Control (RRC) for NR

The RRC protocol for NR is terminated between the gNB and the UE. It provides transport for LPP messages over the NR-Uu interface.

8.2.3   6.2.3
Radio Resource Control (RRC) for LTE

The RRC protocol for LTE is terminated between the ng-eNB and the UE. In addition to providing transport for LPP messages over the LTE-Uu interface, it supports transfer of measurements that may be used for positioning purposes through the existing measurement systems specified in TS 36.331 [13].

8.3   6.3
NG-RAN Node terminated protocols

8.3.1   6.3.1
NR Positioning Protocol A (NRPPa)

The NR Positioning Protocol A (NRPPa) carries information between the NG-RAN Node and the LMF. It is used to support the following positioning functions:

-
E-CID for E-UTRA where measurements are transferred from the ng-eNB to the LMF.

-
Data collection from ng-eNB's for support of OTDOA positioning for E-UTRA.

-
Cell-ID and Cell Portion ID retrieval from gNB's for support of NR Cell ID positioning method.

The NRPPa protocol is transparent to the AMF. The AMF routes the NRPPa PDUs transparently based on a Routing ID corresponding to the involved LMF over NG-C interface without knowledge of the involved NRPPa transaction. It carries the NRPPa PDUs over NG-C interface either in UE associated mode or non-UE associated mode.

8.3.2   6.3.2
NG Application Protocol (NGAP)

The NGAP protocol, terminated between the AMF and the NG-RAN Node, is used as transport for LPP and NRPPa messages over the NG-C interface. The NGAP protocol is also used to instigate and terminate NG-RAN Node related positioning procedures.
6.3.x


 F1 Application Protocol (F1AP)

The F1AP protocol, terminated between the gNB-CU and the gNB-DU, is used to support the following positioning functions:

· Downlink positioning information transfer between gNB-CU and gNB-DU for DL-TDOA, DL-AOA, multi-RTT positioning methods.
· Uplink positioning information transfer between gNB-CU and gNB-DU for UL-TDOA, UL-AOA and multi-RTT positioning methods.
· Positioning measurement transfer between gNB-CU and gNB-DU for UL-TDOA, UL-AOA, multi-RTT and NR E-CID positioning methods. 
· Terminating/updating the postioning measruements from gNB-CU to gNB-DU for UL-TDOA, UL-AOA, multi-RTT and NR E-CID positioning methods.
The F1AP messages are transported over F1-C interface. The F1AP protocol is also used to update/terminate 
8.4   6.4
Signalling between an LMF and UE

8.4.1   6.4.1
Protocol Layering

Figure 6.4.1-1 shows the protocol layering used to support transfer of LPP messages between an LMF and UE. The LPP PDU is carried in NAS PDU between the AMF and the UE.
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Figure 6.4.1-1: Protocol Layering for LMF to UE Signalling

8.4.2   6.4.2
LPP PDU Transfer

Figure 6.4.2-1 shows the transfer of an LPP PDU between an LMF and UE, in the network- and UE-triggered cases. These two cases may occur separately or as parts of a single more complex operation.
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Figure 6.4.2-1: LPP PDU transfer between LMF and UE (network- and UE-triggered cases)

1.
Steps 1 to 4 may occur before, after, or at the same time as steps 5 to 8. Steps 1 to 4 and steps 5 to 8 may also be repeated. Steps 1 to 4 are triggered when the LMF needs to send an LPP message to the UE as part of some LPP positioning activity. The LMF then invokes the Namf_Communication _N1N2MessageTransfer service operation towards the AMF to request the transfer of a LPP PDU to the UE. The service operation includes the LPP PDU together with the LCS Correlation ID in the N1 Message Container as defined in TS 29.518 [29].

2.
If the UE is in CM-IDLE state (e.g. if the NG connection was previously released due to data and signalling inactivity), the AMF initiates a network triggered service request as defined in TS 23.502 [26] in order to establish a signalling connection with the UE and assign a serving NG-RAN node.

3.
The AMF includes the LPP PDU in the payload container of a DL NAS Transport message, and a Routing Identifier identifying the LMF in the Additional Information of the DL NAS Transport message defined in TS 24.501 [29]. The AMF then sends the DL NAS Transport message to the serving NG-RAN Node in an NGAP Downlink NAS Transport message defined in TS 38.413 [30]. The AMF need not retain state information for this transfer; it can treat any response in step 7 as a separate non-associated transfer.

4.
The NG-RAN Node forwards the DL NAS Transport message to the UE in an RRC DL Information Transfer message.

5.
Steps 5 to 8 are triggered when the UE needs to send an LPP PDU to the LMF as part of some LPP positioning activity. If the UE is in CM-IDLE state, the UE instigates a UE triggered service request as defined in TS 23.502 [26] in order to establish a signalling connection with the AMF and assign a serving NG-RAN node.

6.
The UE includes the LPP PDU in the payload container of an UL NAS Transport message, and the Routing Identifier, which has been received in step 4, in the Additional Information of the UL NAS Transport message defined in TS 24.501 [29]. The UE then sends the UL NAS Transport message to the serving NG-RAN node in an RRC UL Information Transfer message.

7.
The NG-RAN node forwards the UL NAS Transport Message to the AMF in an NGAP Uplink NAS Transport message.

8.
The AMF invokes the Namf_Communication_N1MessageNotify service operation towards the LMF indicated by the Routing Identifier received in step 7. The service operation includes the LPP PDU received in step 7 together with the LCS Correlation ID in the N1 Message Container as defined in TS 29.518 [28].

8.5   6.5
Signalling between an LMF and NG-RAN node

8.5.1   6.5.1
Protocol Layering

Figure 6.5.1-1 shows the protocol layering used to support transfer of NRPPa PDUs between an LMF and NG-RAN Node.

The NRPPa protocol is transparent to the AMF. The AMF routes the NRPPa PDUs transparently based on a Routing ID which corresponds to the involved LMF node over the NG interface without knowledge of the involved NRPPa transaction. It carries the NRPPa PDUs over NG interface either in UE associated mode or non-UE associated mode.
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Figure 6.5.1-1: Protocol Layering for LMF to NG-RAN Signalling

8.5.2   6.5.2
NRPPa PDU Transfer for UE Positioning

Figure 6.5.2-1 shows NRPPa PDU transfer between an LMF and NG-RAN Node to support positioning of a particular UE.
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Figure 6.5.2-1: NRPPa PDU Transfer between an LMF and NG-RAN node for UE Positioning

1.
Steps 1 to 3 are triggered when the LMF needs to send an NRPPa message to the serving NG-RAN Node for a target UE as part of a NRPPa positioning activity. The LMF then invokes the Namf_Communication_N1N2MessageTransfer service operation towards the AMF to request the transfer of a NRPPa PDU to the serving NG-RAN Node for the UE. The service operation includes the NRPPa PDU together with the LCS Correlation ID in the N2 Message Container as defined in TS 29.518 [28].

 2.
If the UE is in CM-IDLE state (e.g. if the NG connection was previously released due to data and signalling inactivity), the AMF performs a network triggered service request as defined in TS 23.502 [26] in order to establish a signalling connection with the UE and assign a serving NG-RAN Node.

3.
The AMF forwards the NRPPa PDU to the serving NG-RAN Node in an NGAP Downlink UE Associated NRPPa Transport message over the NG signalling connection corresponding to the UE and includes the Routing ID related to the LMF. The AMF need not retain state information for this transfer – e.g. can treat any response in step 4 as a separate non-associated transfer.

4.
Steps 4 and 5 are triggered when a serving NG-RAN Node needs to send an NRPPa message to the LMF for a target UE as part of an NRPPa positioning activity. The NG-RAN Node then sends an NRPPa PDU to the AMF in an NGAP Uplink UE Associated NRPPa Transport message and includes the Routing ID received in step 3.

5.
The AMF invokes the Namf_Communication_N2InfoNotify service operation towards the LMF indicated by the Routing ID received in step 4. The service operation includes the NRPPa PDU received in step 4 together with the LCS Correlation ID in the N2 Info Container as defined in TS 29.518 [28]. Steps 1 to 5 may be repeated.

8.5.3   6.5.3
NRPPa PDU Transfer for Positioning Support

Figure 6.5.3-1 shows NRPPa PDU transfer between an LMF and NG-RAN Node when related to gathering data from the NG-RAN Node for positioning support for all UEs.
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Figure 6.5.3-1: NRPPa PDU Transfer between an LMF and NG-RAN for obtaining NG-RAN Data

0.
An ng-eNB in the NG-RAN may communicate with several TPs (including PRS-only TPs in case of PRS-based TBS is supported) to configure TPs, obtain TP configuration information, etc.

NOTE:
ng-eNB–TP signalling and configuration is outside the scope of this specification.

1.
Steps 1 and 2 are triggered when the LMF needs to send an NRPPa message to an NG-RAN Node to obtain data related to the NG-RAN Node, and possibly associated TPs. The LMF invokes the Namf_Communication_N1N2MessageTransfer service operation towards the AMF to request the transfer of a NRPPa PDU to a NG-RAN node (gNB or ng-eNB) in the NG-RAN. The service operation includes the target NG-RAN node identity and the NRPPa PDU in the N2 Information Container as defined in TS 29.518 [28].

2.
The AMF forwards the NRPPa PDU to the identified NG-RAN Node in an NGAP Downlink Non UE Associated NRPPa Transport message and includes a Routing ID identifying the LMF. The AMF need not retain state information for this transfer – e.g. can treat any response in step 3 as a separate non-associated transfer.

3.
Steps 3 and 4 are triggered when an NG-RAN Node needs to send an NRPPa PDU to an LMF containing data applicable to the NG-RAN Node, and possibly associated TPs. The NG-RAN Node then sends an NRPPa PDU to the AMF in an NGAP Uplink Non UE Associated NRPPa Transport message and includes the Routing ID received in step 2.

4.
The AMF invokes the Namf_Communication_N2InfoNotify service operation towards the LMF indicated by the Routing Identifier received in step 3. The service operation includes the NRPPa PDU received in step 3 in the N2 Info Container as defined in TS 29.518 [28]. Steps 1 to 4 may be repeated.
8.6   6.6
Void
8.7   6.7
Signalling between gNB-CU and gNB-DU

6.7.1

Protocol Layering
Figure 6.7.1-1 shows the protocol layering used to support transfer of F1AP message between a gNB-CU and gNB-DU.
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Figure 6.7.1-1: Protocol Layering between gNB-CU to NG-RAN Signalling

6.7.2

F1AP Signalling for UE Positioning
Figure 6.7.2-1 shows F1AP message transfer between a gNB-CU and gNB-DU to support positioning of a particular UE.
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Figure 6.7.2-1: F1AP message Transfer between a gNB-CU and gNB-DU for UE Positioning

1.
If the UE is in INACTIVE state (e.g. if the RRC connection was previously released due to data and signalling inactivity), the gNB-CU performs a RAN based paging procedures as defined in TS 38.401 [xx] in order to establish a signalling connection with the UE.

2.
The gNB-CU transports the F1AP message to the serving gNB-DU in UL Positioning Information Request message over F1-C corresponding to the UE. 

3.
The serving gNB-DU sends an UL Positioning Information Response message over F1-C to gNB-CU to report the UL configurations corresponding to the UE.

6.7.3

F1AP Signalling for Positioning Support

6.7.3.1

F1AP Singlling for DL Positioning Support
Figure 6.7.3.1-1 shows F1AP message transfer between a gNB-CU and gNB-DU when related to gathering DL configurations from the gNB-DU for positioning support for all UEs.
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Figure 6.7.3.1-1: F1AP Signalling between a gNB-CU and gNB-DU for obtaining gNB-DU Data

0.
An gNB-DU may communicate with several TRPs/TPs (including PRS-only TPs in case of PRS-based TBS is supported) to configure TRPs/TPs, obtain TRP/TP configuration information, etc.

NOTE:
gNB-DU–TRP/TP signalling and configuration is outside the scope of this specification.

1.
The gNB-CU transports the F1AP message to the gNB-DU in a DL Positioning Information Request message over F1-C to obtain configurations related to the gNB-DU, and possibly associated TRPs/TPs. 

2.
gNB-DU sends an DL Positioning Information Response message over F1-C to gNB-CU to report the requested configurations.
6.7.3.2

F1AP Singlling for UL Positioning Support

Figure 6.7.3.2-1 shows F1AP message transfer between a gNB-CU and gNB-DU when related to gathering UL measurements from the gNB-DU for positioning support for all UEs.
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Figure 6.7.3.2-1: F1AP Signalling between a gNB-CU and gNB-DU for obtaining gNB-DU measurements
1. The gNB-CU transports the F1AP message to the gNB-DU in a Positioning Measurement Request message over F1-C to obtain measurements related to the gNB-DU, and possibly associated TRPs/RPs. 
1.a  An gNB-DU may communicate with several TRPs/RPs to obtain TRP/RP measurements.

NOTE:
gNB-DU–TRP/RP signalling and configuration is outside the scope of this specification.
2.
gNB-DU sends a Positioning Measurements Response message over F1-C to gNB-CU to report the requested measurements.
END OF CHANGES
9   Reference

[1] Chairman notes, RAN3#105bis
[2] R3-195508, NRPPa functionality and procedures.
LMF





NG-RAN





Request location information


(RSRP)





Provide location information


(Angle)





UE





5. LPP procedure





6. UE position calc.








NG-RAN
UE
AMF
LMF
NLs
gNB (Note 1)
ng-eNB
(Note 1)
NG-C
(Note 2)
Xn-C
LTE-Uu
TRP
TRP
E-SMLC
SLP
SET

gNB-CU
gNB-DU
TRP
TRP
F1
NG-C
(Note 2)
NR-Uu



_1634672413.vsd
NG RAN


IP


L2


L1


L1


NGAP


NRPPa


HTTP/2


L2


IP


SCTP


NGAP


NRPPa


AMF


NG-C


SCTP


L1


NLs


L2


L1


L2


IP


TCP


TLS


HTTP/2


LMF


IP


TCP


TLS



_1634672415.vsd
TP


AMF


LMF


NG-RAN Node


1. Namf_Communication_N1N2MessageTransfer (NRPPa PDU)


TP


2. NGAP Downlink Non UE Associated NRPPa Transport (NRPPa PDU)


4. Namf_Communication_N2InfoNotify (NRPPa PDU)


3. NGAP Uplink Non UE Associated NRPPa Transport (NRPPa PDU)


0. ng-eNB – TP signalling/configuration



_1634672417.vsd
UE


gNB-CU


gNB-DU


1. RAN Triggered Service Request


2. UL Positioning Information Request


3. UL Positioning Information Response



_1634672418.vsd
TRP/TP


gNB-CU


gNB-DU


1. DL Positioning Information Request


2. DL Positioning Information Response


0. gNB-DU – TRP/TP signalling/configuration


TRP/TP



_1634672419.vsd
TRP/RP


gNB-CU


gNB-DU


1. Positioning Measurement Request


2. Positioning Measurement Response


1.a. gNB-DU – TRP/RP signalling/measurement


TRP/RP



_1634672416.vsd
gNB-CU


IP


L2


L1


F1AP


F1-C


SCTP


L1


L2


IP


F1AP


gNB-DU


SCTP



_1634672414.vsd
UE


AMF


LMF


NG-RAN Node


1. Namf_Communication_N1N2MessageTransfer (NRPPa PDU)


2. Network Triggered Service Request


3. NGAP Downlink UE Associated NRPPa Transport (NRPPa PDU)


5. Namf_Communication_N2InfoNotify (NRPPa PDU)


4. NGAP Uplink UE Associated NRPPa Transport (NRPPa PDU)



_1634672411.vsd
UE


AMF


LMF


NG-RAN Node


1. Namf_Communication_N1N2MessageTransfer (LPP PDU)


2. Network Triggered Service Request


3. NGAP Downlink NAS Transport (LPP PDU)


4. RRC DL Information Transfer (LPP PDU)



_1634672412.vsd
UE


AMF


LMF


NG-RAN Node


6. RRC UL Information Transfer (LPP PDU)


5. UE Triggered Service Request


7. NGAP Uplink NAS Transport (LPP PDU)


8. Namf_Communication_N1MessageNotify (LPP PDU)



_1634672410.vsd
NG RAN


IP


L2


L1


L1


NGAP


L2


IP


SCTP


NGAP


PDCP


AMF


RLC


MAC


L1


RRC


NG-C


Relay


SCTP


L1


L1


MAC


RLC


PDCP


RRC


NAS


NR-Uu LTE-Uu


UE


LPP


NLs


L2


L1


L2


IP


TCP


TLS


HTTP/2


LPP


Relay


NAS


LMF


IP


TCP


TLS


HTTP/2



_1634672407.vsd
UE


ng-eNB
(Note 1)


AMF


LMF


NR-Uu


NG-C
(Note 2)


NLs


NG-C
(Note 2)


Xn


LTE-Uu


NG-RAN


gNB
(Note 1)


TP


TP


E-SMLC


SLP


SET



_1634672408.vsd
gNB-CU


gNB-DU



gNB-DU



F1-C


F1-C


gNB


TP


NR-Uu


NR-Uu


RP


TRP


NG-C


TP


RP


TRP


Xn-C



_1634672406.vsd
UE


ng-eNB
(Note 1)


AMF


LMF


NR-Uu


NG-C
(Note 2)


NLs


NG-C
(Note 2)


Xn


LTE-Uu


NG-RAN


gNB
(Note 1)


TP


TP


E-SMLC


SLP


SET


TRP


TRP



