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1. Introduction
The agreements in RAN2 #106 meeting were reached about reusing LPP in NR Rel-16, and RAN2 will be waiting for the RAN1 discussion results. There was LS from RAN1#98[1] providing mapping between reference signals and measurements based on the latest status of RAN1 discussion.
· The positioning techniques are indicated for information purpose as examples and do not intend to influence higher layer signalling to be developed by RAN2

· Note: Table will be modified in the future if additional reference signals for UE/gNB measurements are agreed

	DL/UL Reference Signals
	UE Measurements
	To facilitate support of the following positioning techniques

	Rel.16 DL PRS
	DL RSTD
	DL-TDOA

	Rel.16 DL PRS
	DL PRS RSRP
	DL-TDOA, DL-AoD, Multi-RTT

	Rel.16 DL PRS / Rel.16 SRS for positioning 
	UE Rx-Tx time difference
	Multi-RTT

	Rel. 15 SSB / CSI-RS for RRM
	SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), SS-RSRPB (for RRM)
	E-CID


	DL/UL Reference Signals
	gNB Measurements
	To facilitate support of the following positioning techniques

	Rel.16 SRS for positioning
	UL RTOA
	UL-TDOA

	Rel.16 SRS for positioning
	UL SRS-RSRP
	UL-TDOA, UL-AoA, Multi-RTT

	Rel.16 SRS for positioning, Rel.16 DL PRS
	gNB Rx-Tx time difference
	Multi-RTT

	Rel.16 SRS for positioning,
	AoA and ZoA
	UL-AoA, Multi-RTT


This document will discuss the procedures and analyze the impact to RAN2 and RAN3 based on the LS about reference signals and measurements from RAN1. 
2. Discussion
The RAT-dependent positioning methods discussed in Rel-16 WI are: DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID. The procedures of RAN2 can be discussed based on the measurement results from RAN1 and the reference signal required by RAN1.
The table from RAN1 can be updated as below from LMF perspective.
Also RAN2 will discuss the procedures based on the table for each positioning methods:
1. The procedures on how to provide location information (measurement) from UE to LMF,
2. The procedures on how to provide Assistance Data from LMF to UE.
	RAN1:Reference signals and measurements based on the latest status[1]
	Impact Analysis on RAN2 
	Impact Analysis on RAN3

	Positioning method in LMF
	DL/UL Reference Signals 
	UE/gNB Measurements
	Assistance Data from LMF to UE
	Measurement from UE to LMF
	Data requirement between gNB and LMF

	DL-TDOA
	Rel.16 DL PRS
	①DL RSTD (UE)
②DL PRS RSRP (UE)
	reuse LPP in LTE
AD: DL PRS config 
	reuse LPP in LTE for ①②
Challenge: 
Beam related info should be known by LMF
	need NRPPa message (DL PRS info)

	Multi-RTT
	Rel.16 DL PRS
& Rel.16 SRS for positioning

	①UE Rx-Tx time difference
②DL PRS RSRP(UE)
③gNB Rx-Tx time difference
④UL SRS-RSRP(gNB)
⑤AoA and ZoA(gNB)
	Follow the LPP flow
AD: DL PRS config 
Rel.16 SRS for positioning can be config to UE by serving gNB.
	Follow LPP flow to send①② 
Challenge : 
1. Beam related info should be known by LMF 
2. Measurement data①③from gNB and UE should be associated with timestamp.
	Need NRPPa message (DL PRS info and SRS info)
RAN3 should discuss and decide how to support measurement ③④⑤to LMF.

	DL-AoD
	Rel.16 DL PRS
	DL PRS RSRP(UE)
	Follow the LPP flow
AD: DL PRS config
	Follow the LPP flow.
Challenge: 
Beam related info should be known by LMF
	Need NRPPa message (DL PRS info)

	E-CID
	Rel. 15 SSB / CSI-RS for RRM
	UE:
SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), SS-RSRPB (for RRM)
	UE will get the Rel. 15 SSB / CSI-RS config from gNB via RRC
Note SS-RSRPB is not RRM measurement quantity yet.
	Message flow: 
Option1: measurement to LMF via LPP.
Option2: measurement to gNB via RRC and to LMF via NRPPa
RAN2 should discuss it.
	Option1: NA
Option2: Need NRPPa


	UL- AoA
	Rel.16 SRS for positioning
	UL SRS-RSRP(gNB)
	no LPP requirement
UE will get SRS config from gNB via RRC
	no LPP requirement
	RAN3 will support measurement report from gNB to LMF.

	UL-TDOA 

	Rel.16 SRS for positioning
	①UL RTOA(gNB)
②UL SRS-RSRP(gNB)
	no LPP requirement
SRS config sent from gNB via RRC

	no LPP requirement 
	RAN3 will support measurement report ①②from gNB to LMF.


The impact analysis on RAN2 and RAN3 will be further discussed below one by one.
2.1. DL-TDOA
1 Assistance Data and Measurement
The assistant data is similar with LTE in DL-TDOA method. Rel.16 DL PRS will be changed or updated for NR compared with LTE. So the IEs in AD message should be redefined based on the finalization of Rel.16 DL PRS in RAN1.
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Figure 1 an Example of message flow in LPP for DL-TDOA
Observation 1: NR can reuse OTDOA LPP procedure to provide assistant and measurement data in NR between UE and LMF in DL-TDOA. 

Proposal 1: Detail AD IEs definition of DL-TDOA should be discussed later once there is a clear DL PRS config info from RAN1.
· Challenge: 

PRS signal will be sent on air with beam sweeping, so the measurement DL RSTD performed by UE also should indicate the beam info (e.g. beam index) to LMF.

LMF is aware of the beam sweeping because LMF will send the PRS AD info to UE, so the beam mapping and selection should be supported by LMF.
Proposal 2: LMF should store the beam related info. And LMF is responsible for picking up the proper RSTD to calculate the location for DL-TDOA.

2 Impact on RAN3

The gNB should provide the required data to LMF for DL-TDOA, following the NRPPa procedure as below [2].
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Figure 2 an Example of message flow in RAN3 for DL-TDOA
DL PRS info should be transferred via NRPPa message for DL-TDOA.

2.2. Multi-RTT
1 Assistance Data and Measurement

The measurement data (UE Rx-Tx time difference and DL PRS RSRP) can be provided by LPP. The assistant data (Rel.16 DL PRS) can be provided by LPP as well.
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Figure 3 an Example of message flow in LPP for Multi-RTT
Proposal 3: The existing LPP message should be updated for multi-RTT in NR, including the AD and measurement data between LMF and UE.
· Challenge: 
1. Measurement data from gNB and UE should be associated with a timestamp. 
Otherwise the positioning accuracy of multi-RTT may be decreased. So the measurement data by gNB and UE should be stamped with time info, e.g. SFN.
2. Beam related info should be known by LMF, the same challenge as in DL-TDOA.
Proposal 4: The UE Rx-Tx time difference and gNB Rx-Tx time difference in multi-RTT should be stamped with time info, so the LMF will pick up the measurement results at the adjacent time to calculate the location.
2 Impact on RAN3
RAN3 should consider how to transmit the measurement report, DL PRS config and SRS config etc. between gNB and LMF.
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Figure 4 an Example of message flow via NRPPa for Multi-RTT
DL PRS and SRS info can be transferred via NRPPa message. 
2.3. DL-AoD
1 Assistance Data and Measurement
The measurement performed by UE can be sent to LMF via LPP. 
The assistant data (Rel.16 DL PRS) can be provided via LPP as well.
There is the same challenge in DL-AoD as in DL-TDOA about beam in LMF.
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 Figure 5 an Example of message flow in LPP for DL-AoD
Proposal 5: LPP message should be updated to support DL-AoD in NR, including the AD and measurement report.
Proposal 6: LMF should store the beam related info. And LMF is responsible for picking up the proper RSTD to calculate the location for DL-AoD.

2.4. E-CID
1 Assistance Data and Measurement
The assistant data of Rel. 15 SSB/CSI-RS for RRM can be provided by gNB. So there is no LPP message requirement for AD in E-CID. But it should note that SS-RSRPB is not RRM yet, so the UE could not report it to network for RRM so far. We can wait for RAN1’s further clarification on this.
There are two options to report measurement results to LMF.
Option1: measurement report to LMF via LPP message.
Option2: measurement report to gNB via RRC signaling and forward to LMF via NRPPa.
RAN2 can discuss which option is adopted.
Observation 3: There is no LPP message for AD in E-CID.
Proposal 7: RAN2 should discuss how to send the measurement report to LMF, via LPP or via RRC and NRPPa.
2.5. UL-AoA
1 Assistance Data and Measurement
There can be no LPP message between LMF and UE, because UE can get SRS config from gNB via RRC, and there is no measurement report from UE for UL-AoA.
2 Impact on RAN3
RAN3 should take into account the measurement report of UL SRS-RSRP (gNB) to LMF.
2.6. UL-TDOA
1 Assistance Data and Measurement
There can be no LPP message between LMF and UE for UL-TDOA, because UE can get SRS config from gNB via RRC, and there is no measurement report from UE.
2 Impact on RAN3
RAN3 should take into account the measurement report of UL SRS-RSRP (gNB) and UL RTOA to LMF.
Observation 4: There is no LPP impact for supporting both UL-AoA and UL-TDOA.
2.7. Discussion on the table 4.3.1-1 in 38.305
These positioning methods may be supported in UE-based, UE-assisted/LMF-based, and NG-RAN node assisted versions. Table 4.3.1-1 indicates which of these versions are supported in this version of the specification for the standardized positioning methods [3].
Here are the proposals on updating the table 4.3.1-1 with new RAT-dependent positioning methods in NR. SUPL supporting for NR is FFS.
Note: The UL-AoA and UL-TDOA won’t be put in the table because the table 4.3.1-1 is just talking about UE positioning methods.
Proposal 8: Table 4.3.1-1: Supported versions of UE positioning methods in TS 38.305 can be updated as below.
Table 4.3.1-1: Supported versions of UE positioning methods

	Method
	UE-based
	UE-assisted, LMF-based
	NG-RAN node assisted
	SUPL

	A-GNSS
	Yes
	Yes
	No
	Yes (UE-based and UE-assisted)

	DL-TDOA Note1, Note 2
	FFS
	Yes
	No
	Yes (UE-assisted)

	E-CID Note 3, Note 4 
	No
	Yes
	Yes for E-UTRA
	Yes for E-UTRA (UE-assisted)
FFS for NR

	Multi-RTT
	No
	Yes
	Yes
	FFS

	DL-AoD
	FFS
	Yes
	No
	FFS

	UL-AoA
	No
	No
	Yes
	FFS

	UL-TDOA
	No
	No
	Yes
	FFS

	Sensor
	Yes
	Yes
	No
	No

	WLAN
	Yes
	Yes
	No
	Yes 

	Bluetooth
	No
	Yes
	No
	No

	TBS Note 5
	Yes
	Yes
	No
	Yes (MBS)

	NOTE 1:
This includes TBS positioning based on PRS signals.

NOTE 2:
In this version of the specification OTDOA based on LTE signals and DL-TDOA based on NR signals are supported.

NOTE 3:
In this version of the specification E-CID based on LTE signals and based on NR signals are supported.

NOTE 4:
This includes Cell-ID for NR method.

NOTE 5:
In this version of the specification only for TBS positioning based on MBS signals.

NOTE 6:
Void


2.8. Summary of impact to RAN3
According to above analysis, RAN3 should discuss the message flow supporting assistance data and measurement report between gNB and LMF in detail.
Here is the summary of impact to RAN3. RAN2 can send a LS to RAN3 if needed.
	RAN1:Reference signals and measurements based on the latest status[1]
	Impact Analysis on RAN3

	Positioning method in LMF
	DL/UL Reference Signals 
	gNB Measurements
	Data between gNB and LMF

	DL-TDOA
	Rel.16 DL PRS
	
	Need NRPPa message (DL PRS info)

	Multi-RTT
	Rel.16 DL PRS
& Rel.16 SRS for positioning

	③gNB Rx-Tx time difference
④UL SRS-RSRP(gNB)
⑤AoA and ZoA(gNB)
	Need NRPPa message (DL PRS info and SRS info)
RAN3 should discuss and decide how to support measurement ③④⑤to LMF.

	DL-AoD
	Rel.16 DL PRS
	
	Need NRPPa message (DL PRS info)

	E-CID
	Rel. 15 SSB / CSI-RS for RRM
	
	Option1 (if report via LPP):NA
Option2 (if report via RRC): Need NRPPa

	UL- AoA
	Rel.16 SRS for positioning
	UL SRS-RSRP(gNB)
	RAN3 will support measurement report from gNB to LMF.

	UL-TDOA 

	Rel.16 SRS for positioning
	①UL RTOA(gNB)
②UL SRS-RSRP(gNB)
	RAN3 will support measurement report from gNB to LMF.


3. Conclusion

In this contribution, we analysed the impact on RAN2 and requirement to RAN3. The proposals for each positioning method are list below one by one:
· For DL-TDOA method:
Observation 1: NR can reuse OTDOA LPP procedure to provide assistant and measurement data in NR between UE and LMF in DL-TDOA. 

Proposal 1: Detail AD IEs definition of DL-TDOA should be discussed later once there is a clear DL PRS config info from RAN1.
Proposal 2: LMF should store the beam related info. And LMF is responsible for picking up the proper RSTD to calculate the location for DL-TDOA.

· For Multi-RTT method
Proposal 3: The existing LPP message should be updated for multi-RTT in NR, including the AD and measurement data between LMF and UE.
Proposal 4: The UE Rx-Tx time difference and gNB Rx-Tx time difference in multi-RTT should be stamped with time info, so the LMF will pick up the measurement results at the adjacent time to calculate the location.
· For DL-AoD method
Proposal 5: LPP message should be updated to support DL-AoD in NR, including the AD and measurement report.
Proposal 6: LMF should store the beam related info. And LMF is responsible for picking up the proper RSTD to calculate the location for DL-AoD.
· For E-CID method
Observation 3: There is no LPP message for AD in E-CID.
Proposal 7: RAN2 should discuss how to send the measurement report to LMF, via LPP or via RRC and NRPPa.
· For UL-AoA and UL-TDOA method
Observation 4: There is no LPP impact for supporting both UL-AoA and UL-TDOA.
· TP to table 4.3.1-1 in 38.305
Proposal 8: Table 4.3.1-1: Supported versions of UE positioning methods in TS 38.305 can be updated as below.
Table 4.3.1-1: Supported versions of UE positioning methods

	Method
	UE-based
	UE-assisted, LMF-based
	NG-RAN node assisted
	SUPL

	A-GNSS
	Yes
	Yes
	No
	Yes (UE-based and UE-assisted)

	DL-TDOA Note1, Note 2
	FFS
	Yes
	No
	Yes (UE-assisted)

	E-CID Note 3, Note 4 
	No
	Yes
	Yes for E-UTRA
	Yes for E-UTRA (UE-assisted)
FFS for NR

	Multi-RTT
	No
	Yes
	Yes
	FFS

	DL-AoD
	FFS
	Yes
	No
	FFS

	UL-AoA
	No
	No
	Yes
	FFS

	UL-TDOA
	No
	No
	Yes
	FFS

	Sensor
	Yes
	Yes
	No
	No

	WLAN
	Yes
	Yes
	No
	Yes 

	Bluetooth
	No
	Yes
	No
	No

	TBS Note 5
	Yes
	Yes
	No
	Yes (MBS)

	NOTE 1:
This includes TBS positioning based on PRS signals.

NOTE 2:
In this version of the specification OTDOA based on LTE signals and DL-TDOA based on NR signals are supported.

NOTE 3:
In this version of the specification E-CID based on LTE signals and based on NR signals are supported.

NOTE 4:
This includes Cell-ID for NR method.

NOTE 5:
In this version of the specification only for TBS positioning based on MBS signals.

NOTE 6:
Void


It is proposed to capture the TP in proposal 8 in stage 2 spec.
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