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1. Introduction
In RANP#91-e, the WID on NR positioning enhancement has been approved [1]. The following scope was specified for the enhancement of positioning:
· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1, RAN2, RAN3, RAN4]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions
· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
A LS has been received from RAN1 regarding the enhancement of DL-AOD positioning. The LS requires RAN3 and RAN2 to have the following action [2]:
	To RAN2, RAN3
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.



[bookmark: OLE_LINK19][bookmark: OLE_LINK20]In this paper, the support of angle reporting from gNB to LMF and the other enhancement solutions are discussed.
2. Discussion
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]2.1 Enhancement for angle based methods
In Rel-16, the AoD information of multiple gNBs is determined at the LMF in DL-AoD positioning and the accuracy of the AoD information as well as the positioning result is limited. That is because the LMF calculates the AoD based on the beam information reported by gNBs and RSRP measurements reported by the UE and the quantized beam information does not support the high accuracy AoD calculations. Although, in Rel-17 it is proposed to let the gNB to provide additional beam/antenna information to the LMF, the information is still limited and the accuracy of the AoD calculation is still far worse than that using the full DL configurations.
Observation 1: The accuracy of AoD calculation is limited because the beam information reported from gNB to LMF is limited. 
In order to achieve high accuracy positioning, a better way is to let the gNB to calculate the AoD information based on its full knowledge of the DL configurations and the RSRP measurements from the UE. This can be realized by reusing the existing NRPPa message of measurement request sent from LMF to gNB to acquire AoD information from the gNBs. The procedure is illustrated in Figure 1:
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Figure 1, AoD calculation procedure
The angle information calculated at NG-RAN nodes can then be reported to LMF and the calculation of the UE positioning. Therefore, we propose to support AoD calculation at NG-RAN nodes and angle reporting from gNB to LMF in DL-AoD positioning for accuracy enhancement.
Proposal 1: Support AoD calculation at NG-RAN nodes and angle reporting from gNB to LMF in DL-AoD positioning.
Proposal 2: Send LS to RAN1 and RAN2 to confirm the support of angle reporting from gNB to LMF.

2.2 Enhancements agreed by RAN1
RAN1 has started the positioning enhancement solutions and has made the following agreements during the RAN1#114b [3]:
· The following option is supported to enhance signaling of UL-AOA measurement report in case of a linear array
· Option 2: The z-axis of LCS is defined along the linear array axis. gNB reports only the ZoA relative to z-axis in the LCS, and the LCS-to-GCS translation function is used to set up the specific z-axis direction
· UL-AOA signalling details for support of Option 2 are left up to RAN WG3
According to this RAN1 agreements, RAN3 needs to study how to support the option 2 to report only ZoA relative to z-axis. Currently the TRP measurement results include the UL Angle of Arrival IE for the UL-AOA positioning. It has the following format for 9.2.38 UL Angle of Arrival in TS 38.455:
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	[bookmark: OLE_LINK31]Azimuth Angle of Arrival
	M
	
	INTEGER(0..3599)
	TS 38.133 [16]

	Zenith Angle of Arrival
	O
	
	INTEGER(0..1799)
	TS 38.133 [16]

	LCS to GCS Translation
	
	0..1
	
	If absent, the azimuth and zenith are provided in GCS.

	>Alpha
	M
	
	INTEGER (0..3599)
	

	>Beta
	M
	
	INTEGER (0..3599)
	

	>Gamma
	M
	
	INTEGER (0..3599)
	



It can be seen that in the current UL Angle of Arrival IE, the Azimuth Angle of Arrival is mandatory and the Zenith Angle of Arrival is optional. Therefore, the existing UL Angle of Arrival IE cannot be used to report the ZoA only. It is proposed to introduce a new IE in the TRP Measurement Result to support the report of ZoA only for UL AoA positioning. For example, it can have the flowing format for 9.2.37 TRP Measurement Result in TS 38.455:
	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
	

	>>UL ZoA
	M
	
	9.2.x
	

	>Time Stamp
	M
	
	9.2.42
	

	>Measurement Quality
	O
	
	9.2.43
	

	>Measurement Beam Information
	O
	
	9.2.57
	



The UL ZoA IE can then have the following format:
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Zenith Angle of Arrival
	M
	
	INTEGER(0..1799)
	TS 38.133 [16]

	LCS to GCS Translation
	
	
	
	The translation of the z-axis direction

	>Alpha
	M
	
	INTEGER (0..3599)
	

	>Beta
	M
	
	INTEGER (0..3599)
	

	>Gamma
	M
	
	INTEGER (0..3599)
	



Proposal 3: Introduce a new UL ZoA IE in the TRP Measurement Result IE to support the report of ZoA only for UL AoA positioning.
Two CRs for TS 38455 and TS 38473 respectively have been provided in our accompany papers. It is to agree the CRs as the baseline.
Proposal 4: Agree the CRs for TS 38455 and TS 38473 respectively and take them as the baseline.

2.3 Neighbouring cell selections
Most of the RAT-dependent positioning method would need measurements related to at least three TRPs in order to obtain the UE position. The neighbouring cells that involved for a positioning procedure are selected by the LMF. Currently, the TRP information a LMF can obtain from the gNB include the cell information and the geographical coordinates. Thus, the information a LMF can use when selecting the neighbouring TRPs mainly relies on the coordinates.  A UE may have a number of neighbouring cells and the best neighbouring cells may not be those ones that are closest to the serving TRP. Therefore, 
Observation 2: Selecting neighbouring cells based on the coordinates or distance cannot guarantee the selected TRPs are appropriate for positioning.
An easy solution to address this issue is to let the serving gNB to provide the neighbouring information to the LMF when LMF request SRS information from the serving gNB. Figure 2 illustrate the procedure. The neighbouring information can either be the RRM information, or the neighbouring cell ID information. With this neighbouring information, the LMF can then select the best TRPs for measurements, which could increase the possibility of high measurement qualities and the high accuracy of the positioning accuracy.
[image: ]
Figure 2, measuring TRP selection procedure
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Proposal 5: The serving RAN to provide neighbouring information to LMF to support the LMF selecting measuring TRPs in order to increase the positioning accuracy.

2.4 Service continuity for UL positioning
Current positioning procedures do not support the positioning service continuity when the UE moved to another cell/gNB in the uplink positioning procedure. The positioning measurements can be configured to be periodically reported, during which the UE can be probably moved to a new cell/gNB. 
When the UE moves from one gNB to another with handover , 
· LMF cannot be timely aware of the cell change of the moving UE. LMF would have no idea about the need to update the measuring TRPs, ie, have no idea of which new neighboring TRPs should be selected for measurements or which TRP should be aborted for measurements.
· The new target gNB is not aware of the positioning context for the UE, e.g. the SRS configured to the UE is currently being used by the LMF, and it would not send any updated SRS configuration to LMF. The measuring TRP would fail for measuring SRS without the updated SRS configurations. 
· The measuring TRPs cannot be timely aborted for measurements when UE moving away and would still keep measuring SRS, which causing waste of resources and power consumptions. 
Thus, for UE moving scenario, the UE handover procedure may cause UL/Multi-RTT positioning interruption. It is proposed to study and support the positioning service continuity for the UE mobility scenarios. 
Observation 3: The UE handover can cause: UL/Multi-RTT positioning fail; the LMF cannot timely update or abort the positioning procedure, which can cause positioning service delay and may cause wastes of resources and power consumptions at measuring gNBs.
In the case of intra-gNB handover, one solution is to notify the LMF about the cell change. The LMF can then update the measuring TRPs (neighboring TRPs) based on the cell information, i.e., to abort the measurements on some of the TRPs and request measurements from new TRPs.
In the case of inter-gNB handover, the solutions mainly include notifying the LMF about the cell change and notifying the target gNB about the positioning context, i.e., configuring UE sending SRS for positioning purpose. The potential ways to notify LMF about the cell change and request the target gNB to configure UE sending SRS: 
Option1: The source gNB sends the notification to the LMF about the cell change, after the handover completes, and the LMF sends the positioning information request to the target gNB to request configuring UE sending SRS.
Option2: The source gNB sends the information to the target gNB to request configuring UE sending SRS, such as, the source gNB sends the “SRS Transmission characteristics” to the target gNB. The target gNB configures UE sending SRS and update the SRS configurations to the LMF. 
With either of the above solutions, the UE can continuing sending SRS for positioning purpose, and the LMF can update the measuring TRPs timely. 
Proposal 6: Study the enhancement solutions for positioning service continuity for uplink positioning methods and multi-RTT including:
· Support cell change indication from NG-RAN to LMF for both intra-gNB and inter-gNB handover.
· Support UE positioning related context relocation for SRS transmission for positioning. 

[bookmark: OLE_LINK25][bookmark: OLE_LINK26]2.5 TPR information change notification
The TRP information exchange procedure include the TRP information request from LMF to gNB and TRP information response/failure from gNB to LMF. Normally, the LMF collects the TRP information from the gNBs it covers and store it for a period so that the LMF does not need to collects TRP information every time when there is LCS service. For the purpose of low latency positioning, the TRP information collection can be conducted before there is any LCS service and store the information for a period. 
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]In fact, the TRP information can be changing, such as the PCI reallocation, ARFCN adjustment, SSB configuration update, etc. But the LMF is not able to identify the changes timely. The LMF can only collects the TRP information periodically. If the TRP information has changed and the old information is still used in the LMF, the positioning results will be impacted. The only way to address this issue is to let the LMF to collect TRP information every time there is a LCS service for a UE. This will cause time delay and obvious redundancy because the information collected in most of time is the same. Additionally, the TRP information is non-UE associated and is used for all the UEs in multiple cells. Thus the TRP information should be ensured to accurate in order to guarantee the positioning service performance of UEs multiple cells.
Observation 4: The TRP information is used for all the UEs in multiple cells so that it should be accurate to guarantee the performance.
In order to let the LMF to be timely aware of TRP information changing, it is proposed to let the RAN node to notify the TRP information change to the LMF. There are two ways for the notification of the TRP information changes:
Option 1: The RAN node send a TRP information change notification to the LMF, who then send the TRP information request to the RAN node for the updated TRP information.
[image: ]
Option 2: The RAN node direct send the updated TRP information to the LMF.
[image: ]
Option 2 can be quicker to send the information to the LMF compared to option 1. However, option 1 is more robust for updating the information to the LMF. This is because that, in Option 2, the gNB would always assume the LMF has successfully received the updated information, even if the LMF does not successfully received the message. In this case, the positioning performance for all the UEs will be impacted. In Option 1, the gNB would be expecting the LMF to send the TRP information request message after it send a notification of the TRP information change. If the gNB does not receive the TRP information request from the LMF, it would assume the notification has failed and will resend the notification message. Therefore, Option 1 is more robust and better than Option 2, considering the TRP information is critical for the performance of all UEs. 
Proposal 7: Support gNB to send the TRP information change notification to the LMF.

3. Conclusion
Based on the discussion in this paper, we propose the following:
Observation 1: The accuracy of AoD calculation is limited because the beam information reported from gNB to LMF is limited.
Proposal 1: Support AoD calculation at NG-RAN nodes and angle reporting from gNB to LMF in DL-AoD positioning.
Proposal 2: Send LS to RAN1 and RAN2 to confirm the support of angle reporting from gNB to LMF.
Proposal 3: Introduce a new UL ZoA IE in the TRP Measurement Result IE to support the report of ZoA only for UL AoA positioning.
Proposal 4: Agree the CRs for TS 38455 and TS 38473 respectively and take them as the baseline.
Observation 2: Selecting neighbouring cells based on the coordinates or distance cannot guarantee the selected TRPs are appropriate for positioning.
Proposal 5: The serving RAN to provide neighbouring information to LMF to support the LMF selecting measuring TRPs in order to increase the positioning accuracy.
Observation 3: The UE handover can cause: UL/Multi-RTT positioning fail; the LMF cannot timely update or abort the procedure, which can cause positioning delay and may cause wastes of resources and power consumptions at measuring gNBs.
Proposal 6: Study the enhancement solutions for positioning service continuity for uplink positioning methods and multi-RTT including:
· Support cell change indication from NG-RAN to LMF for both intra-gNB and inter-gNB handover.
· Support UE positioning related context relocation for SRS transmission for positioning. 
Observation 4: The TRP information is used for all the UEs in multiple cells so that it should be accurate to guarantee the performance.
Proposal 7: RAN3 to discuss how to notify the TRP information update to the LMF.
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