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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: _Hlk53665621]RAN1 discussed the DL-AoD angle calculation enhancement at RAN1#104bis-e and sent the LS in [1] to RAN2 and RAN3. The following agreement regarding DL-AoD angle calculation enhancement in Rel-17 was reached.
	Agreement:
Regarding support of angle calculation enhancement for DL-AoD:
· Support gNB providing the beam/antenna information to the LMF.
· The gNB beam/antenna information can be provided to the UE for UE-based DL-AoD
· FFS: the details of contents of the beam/antenna information
· FFS: the details of how to provide the beam/antenna information.
· Note: The antenna information is related to reducing the overhead of beam information
· Send an LS to RAN2/RAN3 regarding the option of angle report from gNB to LMF for UE-A DL-AoD requesting them to consider this option in Rel-17.


The question from RAN1 to RAN2/RAN3 is as follows:
	ACTION: 	RAN1 respectfully requests RAN2/RAN3 to consider the option of angle report from gNB to LMF for UE-A DL-AoD in Rel-17.


In this contribution, we discuss the specification impacts and latency performance to support the option of angle report from gNB to LMF for UE-A DL-AoD.
2. Potential procedures of angle report from gNB to LMF
The potential procedures to support the option of angle report from gNB to LMF for UE-assisted DL-AoD is illustrated in Figure 1. Among them, step 9-11 are additional to the current procedures in [2].
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Figure 1: potential procedure of UE-assisted DL-AoD positioning to support the option of angle report from gNB to LMF
9.	The LMF invokes the Namf_Communication_N1N2MessageTransfer service operation towards the AMF to request the transfer of a NRPPa message (e.g. Angle Report Request) to the related gNB. The Angle Report Request message is used to request estimate of AoD for the UE, which includes the Location information provided in step 8. The AMF forwards the Angle Report Request message to the gNB in an N2 Transport message. 
10.	The gNB calculates the AoD requested in step 9.
11.	The gNB response the AoD estimate obtained in step 10 to the AMF in a NRPPa message (e.g. Angle Report Response) included in an N2 Transport message. The AMF invokes the Namf_Communication_N2InfoNotify service towards the LMF.
12.	The LMF calculates the UE location with the Angle Report in step 11.
3. RAN specification impacts 

3.1. LPP messages
As analyzed above, no new LPP message is introduced in the option of angle report from gNB to LMF while some enhancement of the current LPP message is not precluded.
In Rel-16, the DL-AoD positioning method is based on per-beam RSRP measurements of DL-PRS performed at the UE and the corresponding NR-DL-AoD-SignalMeasurementInformation IE in Provide Location message for UE-assisted DL-AoD is as follows.
	NR-DL-AoD-MeasElement-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-PhysCellID-r16				NR-PhysCellID-r16						OPTIONAL,
	nr-CellGlobalID-r16				NCGI-r15								OPTIONAL,
	nr-ARFCN-r16					ARFCN-ValueNR-r15						OPTIONAL,
	nr-DL-PRS-ResourceID-r16		NR-DL-PRS-ResourceID-r16	 			OPTIONAL,
	nr-DL-PRS-ResourceSetID-r16		NR-DL-PRS-ResourceSetID-r16 			OPTIONAL,
	nr-TimeStamp-r16				NR-TimeStamp-r16,
	nr-DL-PRS-RSRP-Result-r16		INTEGER (0..126),
	nr-DL-PRS-RxBeamIndex-r16		INTEGER (1..8)							OPTIONAL, -- Cond SameRx
	nr-DL-AoD-AdditionalMeasurements-r16
									NR-DL-AoD-AdditionalMeasurements-r16	OPTIONAL,
	...
}


If some new measured parameters (e.g. phase-difference) are introduced, there will be enhancement on provide location information transfer for DL-AoD. However, these enhancements may not couple with the option of angle report from gNB to LMF.
Proposal 1: For the option of angle report from gNB to LMF, no new LPP procedures is needed. Whether there is stage3 enhancement to the current LPP messages (e.g. introducing new measured parameters in location information) is rely on pending RAN1 discussion.
3.2. NRPPa messages
For the NRPPa messages in step 9 and step 11 to request and response the angle report, there are two alternatives:
· Alternative 1: Introducing new NRPPa messages to initiate DL-AoD calculation and reporting.
· Alternative 2: Reusing the MEASUREMENT REQUEST and MEASUREMENT RESPONSE messages with enhancement.
The TRP Measurement Result IE in MEASUREMENT RESPONSE message is as follows. For alternative 2, the Measured Results Value may be extended to include the DL Angle of Departure. Besides, MEASUREMENT RESPONSE message is sent by the NG-RAN node to report positioning measurements for the target UE. As there’s only calculation while no measurement in this procedure (i.e. angle report from gNB to LMF), the description for these procedures may need to be modified to avoid confusing.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Measured Result Item
	
	1 .. <maxnoPosMeas>
	
	

	>CHOICE Measured Results Value
	M
	
	
	

	>>UL Angle of Arrival
	M
	
	9.2.38
	

	>>UL SRS-RSRP
	M
	
	INTEGER (0..126)
	

	>>UL RTOA
	M
	
	9.2.39
	

	>>gNB Rx-Tx Time Difference
	M
	
	9.2.40
	

	>Time Stamp
	M
	
	9.2.42
	

	>Measurement Quality
	O
	
	9.2.43
	

	>Measurement Beam Information
	O
	
	9.2.57
	


Analyzing potential alternatives for angle report request and response between LMF and gNB, we prefer to introduce new NRPPa messages, if support of angle report from gNB to LMF is agreed. However, the final decision depends on RAN3 discussion.
Proposal 2: For the option of angle report from gNB to LMF, NRPPa messages enhancement is essential and the final decision of the enhancement depends on RAN3 discussion.
4. Latency Performance
The latency performance analysis to support the option of angle report from gNB to LMF for UE-assisted DL-AoD are provided in table 1.
Table 1: Latency performance analysis for UE assisted DL-TDOA and DL-AoD
	Step
	Delay Value [ms]
	Description of Latency Component

	Step 1 LPP Request capabilities
	18-34.5
	Processing delays: 14 ms
-	UE: TUEProc-RRCDLInfo
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc
-	LMF: TLMFProc

	Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Step 2 LPP Provide Capabilities
	25-54.5
	Processing delays: 21-34 ms
-	UE: 
-	TUEProc-RRCULInfo
-	TUEProc-LPPCapab
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc
-	LMF: TLMFProc
	Signalling delay:4-20.5 ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Step 3 LPP Provide Assistance Data
	28-44.5
	Processing delays: 24 ms
-	UE: 
-	TUEProc-RRCDLInfo
-	TUEProc-LPPAssi
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc
-	LMF: TLMFProc
	Signalling delay:4-20.5 ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Step 4 LPP Request Location Information
	23-39.5
	Processing delays: 19 ms
-	UE: 
-	TUEProc-RRCDLInfo
-	TUEProc-LPPLocationRe
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc
-	LMF: TLMFProc
	Signalling delay:4-20.5ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Step 5 RRC Location Measurement Indication
	5-8.5
	Processing delays: 5-8 ms
-	UE: TUEProc-RRCLocationMeas
-	gNB: TgNBProc-RRC
	Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB

	Step 6 RRC Measurement Gap configuration
	13-13.5
	Processing delays: 13 ms
-	UE: TUEProc-RRCReconf
-	gNB: TgNBProc-RRC
	Signalling delay:0-0.5ms
-	UE-gNB: TUE-gNB

	Step 7 DL PRS measurement
	88.5
	TDL-Meas

	Step 8 LPP Provide Location Information
	20-39.5
	Processing delays: 16-19 ms
-	UE: 
-	TUEProc-RRCULInfo
-	TUEProc-LPPLocationRe
-	gNB: TgNBProc-NAS/LPP
-	AMF: TAMFProc
-	LMF: TLMFProc
	Signalling delay:4-20.5 ms
-	UE-gNB: TUE-gNB
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Step 9 NRPPa Angle Report Request
	13-29
	Processing delays: 9 ms
-	gNB: TgNBProc-NRPPa
-	AMF: TAMFProc
-	LMF: TLMFProc
	Signalling delay:4-20 ms
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF

	Step 10 gNB calculation
	2-30
	TgNB-Calc
	

	Step 11 NRPPa Angle Report Response
	13-29
	Processing delays: 9 ms
-	gNB: TgNBProc-NRPPa
-	AMF: TAMFProc
-	LMF: TLMFProc
	Signalling delay:4-20 ms
-	gNB-AMF: TgNB-AMF
-	AMF-LMF: TAMF-LMF


	Step 12 LMF calculation
	2-30
	TLMF-Calc

	Total values
	250.5-441
	


The latency performance for UE assisted DL-AoD has been analyzed in [2] and the total latency is 222.5-353 ms.
For option 1 of gNB providing the beam/antenna information to LMF, the LMF need instigates NRPPa procedures to acquire TRP information of the NG-RAN. As the NRPPa message transmission could precede or overlap with the LPP message transmission (e.g. step 1 and step 2), no significant extra latency is expected comparing with the procedures in [2].
For option 2 of gNB providing the angle report to LMF, assuming the calculation latency in gNB is the same with that in LMF, additional step 9-11 will introduce extra 28-88 ms latency.
Observation 1: Additional procedures to transfer the angle report will introduce extra latency, the total latency for UE assisted DL-AoD will increase from 222.5-353 ms to 250.5-441 ms.
Besides, it’s worth noting that the beam/antenna information in option 1 can be reused in periodic location while the angle report transmission in option 2 is per TRP and per measurement, which will result in large signaling overhead and linear increasing latency. For instance, assume 3 TRPs is involved and the periodic location is for 30 times. The number of extra NRPPa messages to exchange the angle report would be 2*3*30 = 180 and the extra latency will be 30*(28-88 ms) = 840-2640 ms.
Observation 2: Angle report transmission in periodic location will result in large signaling overhead and linear increasing latency.
5. Difference of two options
The pros and cons of the two options are discussed in the Table 2.
Table 2: Pros and cons of the two options
	
	Advantages
	Disadvantages

	Option 1: 
gNB providing the beam/antenna information to LMF
	· Support both UE-A and UE-B DL-AoD position methods.
· The existing procedures can be reused and no significant extra latency is expected.
· The beam/antenna information can be reused for periodic location.
	· For UE-B DL-AoD, the gNB beam/antenna information in the Assistance Data may introduce large overhead in Uu interface transmission.
· Beamforming implementation in gNB is revealed to LMF/UE.

	Option 2: 
gNB providing the angle report to LMF
	· Beamforming implementation in gNB is invisible to LMF/UE.
· Distributed calculation in gNB may relieve the load in LMF.
	· Only support UE-A DL-AoD.
· Additional procedures to transfer the angle report will introduce extra latency.
· The angle report transmission will occur frequently in periodic location. 


As the objective of Rel-17 ePOS WI includes improving both positioning accuracy and latency, we think it’s crucial to avoid increasing the latency while introducing some enhancement to imporve the accuracy. Meanwhile, the latency reduction related to the request and response of location measurements or location estimate and positioning assistance data is led by RAN2, thus, Option 1 is preferred from our perspective.
Proposal 3: Send a reply LS to RAN1 informing that RAN2 think the option of angle report from gNB to LMF is feasible but is not suggested from RAN2 perspective as it will introduce extra latency.
6. Conclusion
In this contribution we discussed the specification impacts and latency performance to support the option of angle report from gNB to LMF for UE-A DL-AoD based on the incoming LS from RAN1 [1].
The following observations and proposals are made:
Observation 1: Additional procedures to transfer the angle report will introduce extra latency, the total latency for UE assisted DL-AoD will increase from 222.5-353 ms to 250.5-441 ms.
Observation 2: Angle report transmission in periodic location will result in large signaling overhead and linear increasing latency.
Proposal 1: For the option of angle report from gNB to LMF, no new LPP procedures is needed. Whether there is stage3 enhancement to the current LPP messages (e.g. introducing new measured parameters in location information transmission) is rely on pending RAN1 discussion.
Proposal 2: For the option of angle report from gNB to LMF, NRPPa messages enhancement is essential and the final decision of the enhancement depends on RAN3 discussion.
Proposal 3: Send a reply LS to RAN1 informing that RAN2 think the option of angle report from gNB to LMF is feasible but is not suggested from RAN2 perspective as it will introduce extra latency.
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