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Discussion and decision
1 Introduction

At the RAN#80 WG meeting, the study item on NR positioning was approved [1] and slightly revised at RAN#81 [2]. In [2], the RAN2 related objective are:
· Study of positioning architecture for location services, functional interfaces, protocol, and procedures for supporting NR dependent positioning technologies (if needed; otherwise, need to be confirmed) [RAN2 primary, RAN3 checks, according to current practices for positioning architecture]
· Rel-15 NR positioning architecture/protocol is a starting point of the discussion while the Release 16 LCS architecture enhancement study in TSG SA side is taken into account.

· Common architecture with IoT and hybrid positioning.

· The positioning architectures should support standalone NR for both voice and data including IoT service.

· IoT use cases, including potential LPP evolution, and efficient/low-complexity signaling are considered while striving for a common architecture.

· End-to-end latency is considered to developing positioning architecture.
In this contribution, we analyze whether Rel-15 positioning architecture, LPP, NPPa and corresponding procedure can be reused in Rel-16, taking into account SA2/RAN1 discussion on architecture and requirement, etc. 
2 Discussion
The main factors which impact architecture and protocol/procedures are (we only listed the things related to RAN):

· Requirements, e.g. E2E latency;

· Supported positioning methods;

· Use cases, regular/commercial use cases;

The Rel-15 positioning architecture is shown as below [3]
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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).

When SA2 discussed the positioning architecture solution 1 and 14, they already considered following key issues:
Solution 1: 5GS LCS Functionality and Allocation to 5GS elements
-
Key issue 1: Enhancement to LCS Architecture;
-
Key Issue 3: Support of low latency LCS;
-
Key Issue 6: Scalability;
-
Key Issue 16: Distribution Positioning Assistance Data.

Solution 14: Reuse R15 existing location service architecture for commercial use cases

-
Key Issue 1 (Enhancement to LCS Architecture) 
-
Key Issue 7 (Location service exposure). 
-
Key Issue 3: Support of low latency LCS.

-
Key Issue 6: Scalability.

-
Key Issue 8: Support of IoT UEs.

-
Key Issue 15: Location continuity support.
The interim conclusion in SA2 on solution 1/14 are:

	For complete end to end support, Solution 14 is to be used as the baseline for the development of Rel-16 normative work.

Editor's note: Solution 14 may be updated. Solutions selected for individual key issues will be aligned and made compatible with Solution 14.
1.
Key issue 1 has the following interim conclusions:Rel‑16 LCS architecture includes following NFs:


AMF, V-LMF, V-GMLC, H-GMLC, UDM, NEF and external LCS client.

2.
LRF is part of the rel-16 eLCS architecture, of which the functionality is not enhanced from rel-15.

Solution 1 (Option A) is seen to provide useful support in terms of functional assignment for system handling functions and positioning functions. The detailed functional assignments will be dependent on the specific selected solutions for other key issues


Observation 1: SA2 concluded that Rel-15 positioning is reused for Rel-16, taking into account following key issues:

-
Key issue 1: Enhancement to LCS Architecture;
-
Key Issue 3: Support of low latency LCS;
-
Key Issue 6: Scalability;
-
Key Issue 7 (Location service exposure). 
-
Key Issue 8: Support of IoT UEs.

-
Key Issue 15: Location continuity support.
-
Key Issue 16: Distribution Positioning Assistance Data.

 In RAN1, they discussed the requirements and concluded that for E2E latency:

· Regular use case: End to end latency and TTFF < 30 seconds

· Commercial use case: End to end latency < [1]s

We do not see any problem to support E2E latency requirement agreed in RAN1 based on existing Rel-15 architecture. 
Proposal 1: To confirm Rel-15 positioning architecture is reused in Rel-16, and capture the figure 5.1-1 [3] into TR 38.855;

Based on the SID scope “This study item will study both NR-based RAT-dependent as well as RAT-independent and hybrid positioning methods to address regulatory as well as commercial use cases.”. Positioning protocol/procedure shall support both NR based RAT dependent and RAT independent positioning methods.

As agreed in RAN1, for NR based RAT dependent positioning methods, Downlink based solutions (OTDOA), Downlink and uplink based solutions (E-CID) and Uplink based solutions (UTDOA) are considered for study in Rel-16, maybe with further enhancement, e.g. to consider beam forming. 

For RAT independent positioning methods, we believe the supported methods should be same as what we have so far.
-
network-assisted GNSS methods;

-
barometric pressure sensor method;

-
WLAN method;

-
Bluetooth method;

-
Terrestrial Beacon System method.

Proposal 2: RAT independent positioning methods supported in Rel-15 shall be also supported in NR Rel-16;
Regarding protocol, for Rel-15 NR positioning RAN2 agreed:
	· 1 The full scope of LPP shall be supported by NR System Architecture and NR devices.

· 2 LPP messages are transported in NAS messages which [are transported] in NR RRC (similar to LTE RRC).

· 3 Stage 3 positioning specification (LPP) 36.355 is used for NR positioning (at least for Rel-15).

· 4 To support measurement gap request in NR RRC procedure and in the Stage 2 specification.


LPP protocol is reused for Rel-15 NR positioning, and 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).  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).  
To support Rel-16 NR RAT dependent positioning methods, we can either reuse LPP protocol or create a new protocol dedicated for this.
Option 1: reuse LPP for Rel-16 NR positioning with necessary update;

Option 2: create new NR positioning protocol for Rel-16 NR positioning (e.g. an NRPP);

We list pros/cons of each option in below table:
	Comparison Metrics
	Reuse LPP
	NRPP

	Clean specifications
	LTE and NR RAT dependent positioning methods are mixed in the same spec; 
	LTE only RAT dependent positioning methods are not contained in the new spec;
RAT independent methods are duplication in 2 specs.

	RAN2 specification efforts
	Low:

RAT independent positioning methods can be reused without change;

Only need to introduce NR RAT dependent methods in the spec;
	High

Need to duplicate the RAT independent methods in the new spec.

Need to introduce NR RAT dependent methods in the new spec;

	Other group specification impacts
	No: LPP is transparent to CN, and has been supported in Rel-15 NR positioning architecture; 
	High:

NAS: needs to introduce new container for NRPP;

NGAP: Needs to introduce new container for NRPP;



	Implementation impact
	UE/LMF: additionally support updated LPP for NR based RAT dependent positioning methods
	UE/LMF: needs to support both LPP and NRPP; To enable backward compatibility the UE would have to be able to receive and handle RAT independent positioning requests via LPP or NPP. Possible complications for UE to handle conflicting or overlapping requests via both protocols.
AMF: needs to support new container for NRPP

	Support of SUPL
	Low: same protocol is reused for SUPL,
	High:

Both LPP and NRPP have to be supported for SUPL. 


Based on above table, we can see the only benefit to have new positioning protocol is, the new specification can only contain NR RAT dependent and RAT independent positioning methods, and does not contain E-UTRA based RAT dependent positioning methods. However, lots of additional efforts are needed, involving different groups, different nodes and different specifications. 

To reduce unnecessary work from both specification perspective and UE/CN/LMF perspective, we should reuse LPP for Rel-16 NR positioning. 

Proposal 3: LPP is reused and extended to support NR RAT dependent positioning methods, e.g. NR E-CID, NR OTDOA and NR UTDOA;

Currently, LPP defined general messages/procedures as:
-
Exchange of positioning capabilities;

-
Transfer of assistance data;

-
Transfer of location information (positioning measurements and/or position estimate);

-
Error handling;

-
Abort.

Abort and Error handling are general procedure/messages, which are unrelated to whether it is RAT dependent or RAT independent. We can reuse them for NR based RAT dependent positioning methods. 

For Exchange of positioning capabilities, Transfer of assistance data and Transfer of location information (positioning measurements and/or position estimate), the changes are needed for NR based RAT dependent positioning methods. We can still reuse general messages for these procedures and non-critically extend the high level IEs under these messages, or use critical extension in message level. 
Option 1: IE based non-critical extension:

–
RequestCapabilities
The RequestCapabilities message body in a LPP message is used by the location server to request the target device capability information for LPP and the supported individual positioning methods.

-- ASN1START

RequestCapabilities ::= SEQUENCE {


criticalExtensions

CHOICE {



c1





CHOICE {




requestCapabilities-r9

RequestCapabilities-r9-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture
SEQUENCE {}


}

}

RequestCapabilities-r9-IEs ::= SEQUENCE {


commonIEsRequestCapabilities

CommonIEsRequestCapabilities

OPTIONAL,
-- Need ON


a-gnss-RequestCapabilities


A-GNSS-RequestCapabilities


OPTIONAL,
-- Need ON


otdoa-RequestCapabilities


OTDOA-RequestCapabilities


OPTIONAL,
-- Need ON


ecid-RequestCapabilities


ECID-RequestCapabilities


OPTIONAL,
-- Need ON


epdu-RequestCapabilities


EPDU-Sequence





OPTIONAL,
-- Need ON


...,


[[
sensor-RequestCapabilities-r13
Sensor-RequestCapabilities-r13

OPTIONAL,
-- Need ON



tbs-RequestCapabilities-r13

TBS-RequestCapabilities-r13


OPTIONAL,
-- Need ON



wlan-RequestCapabilities-r13
WLAN-RequestCapabilities-r13

OPTIONAL,
-- Need ON



bt-RequestCapabilities-r13

BT-RequestCapabilities-r13


OPTIONAL
-- Need ON


]],


[[
nr-RequestCapabilities-r16
NR-RequestCapabilities-r16

OPTIONAL
-- Need ON


]]
}

-- ASN1STOP

Option 2: CE in message level:

-- ASN1START

RequestCapabilities ::= SEQUENCE {


criticalExtensions

CHOICE {



c1





CHOICE {




requestCapabilities-r9

RequestCapabilities-r9-IEs,




requestCapabilitiesNR-r16

RequestCapabilitiesNR-r16-IEs

,
 


spare2 NULL, spare1 NULL



},



criticalExtensionsFuture
SEQUENCE {}


}

}

RequestCapabilities-r9-IEs ::= SEQUENCE {


commonIEsRequestCapabilities

CommonIEsRequestCapabilities

OPTIONAL,
-- Need ON


a-gnss-RequestCapabilities


A-GNSS-RequestCapabilities


OPTIONAL,
-- Need ON


otdoa-RequestCapabilities


OTDOA-RequestCapabilities


OPTIONAL,
-- Need ON


ecid-RequestCapabilities


ECID-RequestCapabilities


OPTIONAL,
-- Need ON


epdu-RequestCapabilities


EPDU-Sequence





OPTIONAL,
-- Need ON


...,


[[
sensor-RequestCapabilities-r13
Sensor-RequestCapabilities-r13

OPTIONAL,
-- Need ON



tbs-RequestCapabilities-r13

TBS-RequestCapabilities-r13


OPTIONAL,
-- Need ON



wlan-RequestCapabilities-r13
WLAN-RequestCapabilities-r13

OPTIONAL,
-- Need ON



bt-RequestCapabilities-r13

BT-RequestCapabilities-r13


OPTIONAL
-- Need ON


]]
}
RequestCapabilitiesNR-r16-IEs ::= SEQUENCE {


nr-OTDOA-RequestCapabilities

NR-OTDOA-RequestCapabilities


OPTIONAL,
-- Need ON


nr-ECID-RequestCapabilities


NR-ECID-RequestCapabilities


OPTIONAL,
-- Need ON


...

}

-- ASN1STOP

Proposal 4: The details on how to extend LPP (NCE in IE level or CE in message level) to support NR RAT dependent positioning methods can be discussed in WI stage;

In addition, in RAN3, a new protocol 3GPP TS 38.455: "NG-RAN; NR Positioning Protocol A (NRPPa)" has been introduced to replace LPPa, as the protocol between NG-RAN to LMF. 
As described in [3], 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.

To support NR RAT dependent positioning methods, the extension is needed to NRPPa ,e.g. new messages/procedures dedicated for NR E-CID, NR OTDOA, NR UTDOA, but we do not see the point to create a new protocol between NG-RAN and LMF for this purpose. 
Proposal 5: NRPPa is reused with necessary extension (e.g. new message/procedures) to support NR RAT dependent positioning methods, NR E-CID, NR OTDOA and NR UTDOA;
Proposal 6: Send LS to SA2/RAN1 and RAN3 to inform RAN2 agreements on architecture and protocols. 
3 Conclusion

In this contribution, we discuss architecture, protocols for NR Rel-16 positioning and have following observations and proposals:
Observation 1: SA2 concluded that Rel-15 positioning is reused for Rel-16, taking into account following key issues:

-
Key issue 1: Enhancement to LCS Architecture;
-
Key Issue 3: Support of low latency LCS;
-
Key Issue 6: Scalability;
-
Key Issue 7 (Location service exposure). 
-
Key Issue 8: Support of IoT UEs.

-
Key Issue 15: Location continuity support.
-
Key Issue 16: Distribution Positioning Assistance Data.

Proposal 1: To confirm Rel-15 positioning architecture is reused in Rel-16, and capture the figure 5.1-1 [3] into TR 38.855;

Proposal 2: RAT independent positioning methods supported in Rel-15 shall be also supported in NR Rel-16;
Proposal 4: LPP is reused and extended to support NR RAT dependent positioning methods, e.g. NR E-CID, NR OTDOA and NR UTDOA;
Proposal 4: The details on how to extend LPP (NCE in IE level or CE in message level) to support NR RAT dependent positioning methods can be discussed in WI stage;
Proposal 5: NRPPa is reused with necessary extension (e.g. new message/procedures) to support NR RAT dependent positioning methods, NR E-CID, NR OTDOA and NR UTDOA;
Proposal 6: Send LS to SA2/RAN1 and RAN3 to inform RAN2 agreements on architecture and protocols. 
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