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Introduction
In the last RAN1 meeting, there were the following agreements on angle-based positioning technique in NR [1]
	Agreement:
· NR should support timing (DL-TDOA) based DL-only positioning techniques in FR1 and FR2
· NR should support angle (DL-AoD) based DL-only positioning techniques with at least beam sweeping at least at the gNB in FR1 and FR2
· Note: This does not necessarily need different reference signals from the timing based DL-only positioning techniques
Agreement:
The following measurements for NR UL PRS at serving and neighbor gNBs should be supported:
· UL RTOA measurements
· UL Angle Of Arrival (AOA) measurements (including Azimuth and Zenith Angles)
· UL RSRP (reference signal received power) measurements
· gNB RX-TX time difference measurements
Agreement:
1. NR should support timing (UL-TDOA) based UL-only positioning techniques in FR1 and FR2
5. UL-TDOA with two or more neighboring gNBs/TRPs for NR UL positioning should be supported
1. NR should support UL-AoA based positioning techniques in FR1 and FR2
6. UL-AoA with one or more neighboring gNBs/TRPs for NR UL positioning should be supported
· Round-trip time (RTT) with one or more neighboring gNBs/TRPs for NR DL and UL positioning should be supported for FR1 and FR2



According to the above agreement, DL-AoD and UL-AoA based positioning technique will be supported in NR. In this contribution, we provide our consideration on both of them from RAN2 perspective.
Discussion
0. DL-AOD
In the DL-AoD positioning method, the UE position is estimated based on multiple angles of departure of DL PRS from gNBs to UE, along with knowledge of the geographical coordinates of the measured gNBs. Then, the gNB estimates the angle of departure by UE’s reporting RSRP values of its receiving DL PRS beams. To achieve DL-AoD positioning, the procedure in the following figure could be considered.


Step 1: The purpose of the DL-AoD information exchange is to allow LMF to request the gNB to transfer DL-AoD information (mainly including PRS configurations of gNBs) to the LMF.
Step 2: The purpose of assistance data delivery procedure is to provide assistance data (mainly including PRS configurations of gNBs, measurement accuracy requirement, etc.) to UE.
Step 3: The purpose of measurement request is to allow UE to request measurement gap for measuring DL PRS if the frequency or SCS of the PRS is different from the UE’s active DL BWP.
Step 4: By RSRP measurement, UEs obtain RSRP values of the received DL PRS in each gNB provided in assistance data delivery.
Step 5: UE reports its RSRP measurement result to each gNBs by the RSRP measurement result reporting procedure
Step 6: The purpose of DL-AoD estimation and reporting is to make gNB estimate DL-AoD after receiving RSRP measurement results and transmit estimated DL-AoD result to LMF.
Step 7: LMF calculates UE’s location based on receiving multiple DL-AoD in step 6, along with knowledge of the geographical coordinates of the measured gNBs.
Proposal 1: The steps above could be considered as the Uplink Positioning Information Update Procedure for DL-AoD based positioning
The procedures in Step 1-3 are similar to OTDOA, so the related procedures in OTDOA could be as a baseline.
Proposal 2: DL-AoD information exchange procedure between gNB and LMF, assistance data delivery procedure between LMF and UE, and positioning measurement request procedure in Step 1-3 respectively could take the related procedure in OTDOA as baseline.

UL-AoA
In the UL-AoA positioning method, the UE position is estimated based on multiple angles of arrival of UL PRS from UE to gNBs, along with knowledge of the geographical coordinates of the measured gNBs. The UL-AoA positioning method is very similar to UTDOA with the difference that gNB measures RTOA in UTDOA but gNB measures AoA in UL-AoA based positioning method. Therefore, the procedure of UTDOA could be as a baseline of UL-AoA based positioning method. So, UL-AoA based positioning method should include two procedures like OTDOA: Uplink Information Request Procedure and Uplink Positioning Information Update Procedure.
Proposal 3: UL-AoA based positioning method could take the procedure of UTDOA as a baseline and includes Uplink Information Request Procedure and Uplink Positioning Information Update Procedure.
The Information Request procedure for UL-AoA is used by the LMF to obtain measurement results from the gNBs which it uses to calculate a position for the UE. To do this, it needs to first indicate to the serving eNB the need to configure the UE to transmit UL PRS and retrieve target UE configuration data from the serving gNB. The following figure shows the messaging between LMF, the serving gNB and other gNBs to perform this procedure.


1.	The LMF sends an Information Request message indicating to the gNB the need to invoke UL PRS for target UE. The LMF may provide the gNB with a number of UL PRS transmissions. The final decision of UL PRS transmissions to be performed and whether to take into account this information is entirely up to the gNB implementation.
2.	The serving gNB determines the resources to be allocated for the UE and sends an Information Response to the LMF that includes the allocated resources and the associated parameters. The gNB may decide (e.g., in case no resources are available) to configure no resources for the UE and report the empty resource configuration to the LMF.
3.	If in step 2 the gNB determines that resources will be allocated, the gNB then allocates the resources to the target UE.
4.	The LMF selects a set of gNBs to be used for the UL-AoA based positioning and sends a measurement request with the UL PRS configuration to each one of them.
5.	gNBs report back to LMF the uplink measurement reports.
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The Uplink Positioning Information Update Procedure is used to notify the LMF of a change to the UE UL PRS transmission configuration for one or more cells with respect to a previously sent INFORMATION RESPONSE message. If the configured UL PRS transmission for the target UE has been modified, or if a handover of the target UE has been triggered, the gNB uses the Uplink Positioning Information Update procedure to inform the E-SMLC.


1.	If the UL PRS configuration changes or if a handover of the target UE has been triggered prior to the expected completion time of the previously communicated UL PRS configuration, the gNB initiates the Uplink Positioning Information Update Procedure. In the case of handover, the source gNB sends the update message after deciding to perform handover execution for the UE.
2.	If the UE UL PRS transmission configuration has changed for one or more cells, the gNB sends an Uplink Positioning Information Update message to the LMF carrying the UE UL PRS transmission configuration information for all cells with UL PRS configured.
Proposal 5: the steps above could be considered as the Uplink Positioning Information Update Procedure for UL-AoA based positioning.
Conclusion
In this contribution, we provide our consideration on DL-AoD and UL-AoA in NR from RAN2 perspective, and we get the following observation and proposals:
Proposal 1: the steps above could be considered as the Uplink Positioning Information Update Procedure for DL-AoD based positioning
Proposal 2: DL-AoD information exchange procedure between gNB and LMF, assistance data delivery procedure between LMF and UE, and positioning measurement request procedure in Step 1-3 respectively could take the related procedure in OTDOA as baseline.
Proposal 3: UL-AoA based positioning method could take the procedure of UTDOA as a baseline and includes Uplink Information Request Procedure and Uplink Positioning Information Update Procedure.
Proposal 4: The steps above could be considered as the Information Request procedure for UL-AoA based positioning.
Proposal 5: the steps above could be considered as the Uplink Positioning Information Update Procedure for UL-AoA based positioning. 
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