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1 Introduction

WI NR Positioning Support has been agreed in [1]. One of objective is to support NR dependent positioning methods as below:

· Define functional interfaces, signaling and procedures including UE reporting, to support NR RAT-dependent positioning for the NR positioning techniques listed in RAN1 objectives [RAN2]
In this contribution, we discuss the impact on NR. 

2 Discussion
Based on [1], DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID will be supported in Rel-16 as NR RAT dependent positoning techniques. , 
· Specify NR DL and UL reference signals to facilitate support of NR positioning techniques (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID) [RAN1]

· Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15
· Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques
· Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT

· Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA

. 

2.1 Architecture impact

Compared with LTE, the main differences are RTT, UL TDOA, UL AoA measured by multiple nodes. In LTE, we only have UTDOA. 

As mentioned in [2]:

· For UL TDOA, at least two or more neighboring gNBs/TRPs are used for measurement;

· For RTT and UL AoA, one or more neighboring gNBs/TRPs is used for measurement;
To support NR dependent positioning methods, the impact to architecture is:

· to support multple node based RTT, UL TDOA and UL AoA, LMU (Location Measurement Unit) has to be introduced in positioning architecture. 

· For DL-TDOA, DL-AoD and E-CID, no architecture impact is foreseen; The changes due to CU-DU to be discusssed in RAN3;

The updated architecture is shown as below:
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Figure 1: UE Positioning Architecture applicable to NG-RAN

Same as LTE, the LMU measures the timing of the received signals using assistance data received from the positioning server, and the resulting measurements are used to estimate the location of the UE.

The interface between LMU and LMF, to be discussed in RAN3 and CT4. 

Proposal 1. LMU is introduced to support NR RTT, UL TDOA and UL AoA; FFS on the interface between LMU and LMF;
2.2 Protocol/procedure impact

Regarding protocol, as agreed in RAN2 during SI:
-
LPP is reused and will be extended to support the NR RAT dependent positioning methods;

So far, LPP supports following procedures which applicable for both LTE and NR Rel-15:

-
Exchange of positioning capabilities;

-
Transfer of assistance data;

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

-
Error handling;

-
Abort.

We do not see the problem to reuse them for NR dependent positioning (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID) in Rel-16. 

Proposal 2. Ask RAN2 to confirm, following LPP procedures are also applicable for NR dependent positioning methods in Rel-16

-
Exchange of positioning capabilities;

-
Transfer of assistance data;

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

-
Error handling;

-
Abort.
Following messages are defined in LPP specifiction [6]:

· requestCapabilities

RequestCapabilities,

· provideCapabilities

ProvideCapabilities,

· requestAssistanceData

RequestAssistanceData,

· provideAssistanceData

ProvideAssistanceData,

· requestLocationInformation
RequestLocationInformation,

· provideLocationInformation
ProvideLocationInformation,

· abort



Abort,

· error



Error,

The question is whether these messages can be reused to support NR dependent positioning methods, i.e. the extension is from the message level or inside the message?
Let’s use requestCapaiblity as example:

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


]]
}

So far, it contains RAT independent capaiblities,e.g. GNSS, WLAN, BT, etc, and also LTE RAT depdentent capabilities, i.e. OTDOA, ECID; To support NR dependent positioning methods, we could just add new fields for correpsonding positioning techniques (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID) in RequestCapabilities message. 

If we introduce new message for NR dependent positioning methods, we have to repeat the fields of RAT independent again in the new message. This should be avoided. 

Proposal 3. To support NR dependent positioning methods, LPP messages are reused, i.e. extension is done within the message. 
As decribed in the WI, 

· Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT

· Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA

. 

For DL based positioning techniques, DL positioning reference signals is used as reference signalling. The UE should get it via LPP message as what we did in LTE. 
For UL based positioning techniques, UL SRS is used as reference signaling. The UE should get it via RRC message. 

Proposal 4. Introduce asssistance data for DL positioning reference signals in LPP message via extension of -
provideAssistanceData;. 

Proposal 5. Reuse RRC signalling to configure UL SRS to the UE, no change is needed; 

Regarding how to handle the measurement results for DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID, and what additional information is needed, we can discuss it later once RAN1 has agreements. 
3 Conclusion

The followings are proposed:
Proposal 1.
LMU is introduced to support NR RTT, UL TDOA and UL AoA; FFS on the interface between LMU and LMF;
Proposal 2.
Ask RAN2 to confirm, following LPP procedures are also applicable for NR dependent positioning methods in Rel-16
Proposal 3.
To support NR dependent positioning methods, LPP messages are reused, i.e. extension is done within the message.
As decribed in the WI,
Proposal 4.
Introduce asssistance data for DL positioning reference signals in LPP message via extension of - provideAssistanceData;.
Proposal 5.
Reuse RRC signalling to configure UL SRS to the UE, no change is needed;
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