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1	Introduction
This paper discusses the Angle of Departure (AoD) downlink-only (DL-only) UE positioning technique. We discuss how to classify the AoD positioning technique and analyse different options for signalling involved in AoD positioning.
2	Background
AoD uses PRS-RSRP measurements made by UE based on DL PRS transmissions from different cells. The network uses stored angle of departure (AoD) information (e.g. elevation angle, azimuth angle, beam ID etc for different beams) to map the reported PRS-RSRP measurements and information identifying the beams to derive AoD of the PRS beams and then uses the derived AoD to estimate the position of the UE. Note that the exact parameters stored as AoD information is FFS in RAN1. The network element where the AoD mapping is to be done (LMF or gNB) and the signalling impacts has also been discussed in RAN1 but there seems to be no consensus in RAN1 on these aspects so far. In this paper we try to propose a way forward to make further progress on AoD positioning.
3	Discussion
3.1	Signalling procedure options for AoD positioning
Depending on which network element performs the mapping of PRS-RSRP measurement to AoD and whether the PRS-RSRP measurement is transparent to gNB (used only for positioning by LMF) or not (used by gNB also for RRM purpose), different signalling options are possible for the AoD positioning procedure. The following options, but not limited to just these options, are possible:
· Alt 1: AoD mapping done at LMF
· Alt 1-1: AoD information is OAM configured in LMF
· Alt 1-2: AoD information is transferred over NRPPa from gNBs to LMF 
· Alt 2: AoD mapping done at gNB 
· Alt 2-1: PRS-RSRP measurements distributed to gNBs by a central LMF over NRPPa
· Alt 2-2: PRS-RSRP measurements distributed to gNBs by the serving gNB over Xn

Alt 1-1, AoD mapping done at LMF and AoD information is OAM configured in LMF:
In this alternative, the AoD information is assumed to be OAM configured in the LMF. How this is done is left to implementation. UE reports the PRS-RSRP measurements of neighbour cells to LMF over LPP and the LMF does the mapping of measurements to AoD and also estimates the UE position. The LMF gets the PRS configuration from gNBs using an NRPPa procedure and provides PRS configuration of cells to the UE as assistance data over LPP. The pros and cons of this Alt 1-1 are:
· Modelled after OTDOA positioning in LTE
· Specification effort is simple since it has lot of commonality with the LTE OTDOA positioning procedure. It impacts both RAN2 (LPP: capability transfer, assistance data transfer, location information exchange) and RAN3 (NRPPa: PRS configuration transfer)
· PRS-RSRP is transparent to gNB and used only by LMF for positioning
· Positioning latency is relatively less compared to alternative 2-x
· Implementation effort is high since the exact details of how the AoD information is configured in LMF and how it is kept in sync with the information at the gNBs are not standardized or automated
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Figure 1: Alt 1-1, AoD mapping done at LMF and AoD information is OAM configured in LMF

Alt 1-2, AoD mapping done at LMF and AoD information is transferred over NRPPa from gNBs to LMF:
In this alternative, the AoD information is transferred to the LMF using a NRPPa procedure like the LPPa OTDOA information exchange procedure. UE reports the PRS-RSRP measurements of neighbour cells to LMF over LPP and the LMF does the mapping of measurements to AoD and also estimates the UE position. The LMF gets the PRS configuration from gNBs using an NRPPa procedure like the LPPa OTDOA information exchange procedure and provides PRS configuration of cells to the UE as assistance data over LPP. The pros and cons of this Alt 1-2 are:
· Follows the OTDOA positioning model in LTE
· Specification effort is moderate since it has an additional AoD information transfer procedure to be introduced (or it may be part of the PRS configuration transfer procedure). It impacts both RAN2 (LPP: capability transfer, assistance data transfer, location information exchange) and RAN3 (NRPPa: PRS configuration transfer, AoD information transfer)
· PRS-RSRP is transparent to gNB and used only by LMF for positioning
· Positioning latency is relatively less compared to alternative 2-x. AoD information transfer signalling is uplink only and is done outside the AoD positioning transaction
· Implementation effort is less since the AoD information transferred to the LMF using NRPPa procedure is easy to keep in sync with the information at the gNBs 
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Figure 2: Alt 1-2, AoD mapping done at LMF and AoD information is transferred over NRPPa from gNBs to LMF

Alt 2-1, AoD mapping done at gNB and PRS-RSRP measurements distributed to gNBs by a central LMF over NRPPa:
In this alternative, the AoD information is configured/stored in a distributed manner in each gNB . UE reports the PRS-RSRP measurements of neighbour cells to LMF over LPP and the LMF distributes the PRS-RSRP measurements to gNBs (NRPPa signalling) where the mapping of measurements to AoD takes place. The gNBs return the derived AoD to the LMF (NRPPa signalling). The LMF then estimates the UE position using the derived AoD obtained from the gNBs. The LMF gets the PRS configuration from gNBs using an NRPPa procedure like the LPPa OTDOA information exchange procedure and provides PRS configuration of cells to the UE as assistance data over LPP. The pros and cons of this Alt 2-1 are:
· Specification effort is moderate since it requires new NRPPa procedure for sending PRS-RSRP measurement to gNB and get the derived AoD from gNB in return. It impacts both RAN2 (LPP: capability transfer, assistance data transfer, location information exchange) and RAN3 (NRPPa: PRS configuration transfer, AoD retrieval from gNBs)
· PRS-RSRP is transparent to gNB and used only by LMF for positioning
· Positioning latency is relatively high compared to alternative 1-x due to more signalling over NRPPa for each AoD positioning request (for distribution of PRS-RSRP)
· Implementation effort is less since the AoD information is stored in a distributed manner at the gNBs and any changes to AoD information due to beam configuration changes can be reflected in the stored AoD information and the AoD information stored at gNBs can be independently maintained at the gNBs.
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Figure 3: Alt 2-1, AoD mapping done at gNB and PRS-RSRP measurements distributed to gNBs by a central LMF over NRPPa

Alt 2-2, AoD mapping done at gNB and PRS-RSRP measurements distributed to gNBs by the serving gNB over Xn:
In this alternative, the AoD information is configured/stored in a distributed manner at each gNB. The AoD positioning request from LMF to serving gNB triggers the gNB to configure the UE for PRS-RSRP measurement reporting (RRC signalling). UE reports the PRS-RSRP measurements of neighbour cells to serving gNB over RRC and the serving gNB distributes the PRS-RSRP measurements to neighbour gNBs (Xn signalling) where the mapping of measurements to AoD takes place. The gNBs return the derived AoDs to the serving gNB (Xn signalling). The serving gNB returns all the derived AoDs to LMF and the LMF then estimates the UE position using the AoD obtained from the serving gNB. The LMF gets the PRS configuration from gNBs using an NRPPa procedure like the LPPa OTDOA information exchange procedure and provides PRS configuration of cells to the UE as assistance data over LPP. The pros and cons of this Alt 2-2 are:
· Specification effort is high since it impacts the RRC and XnAP protocols also, new NRPPa procedure for sending the AoD from serving gNB to LMF. It impacts both RAN2 (LPP: capability transfer, assistance data transfer, location information exchange, RRC PRS-RSRP measurement configuration and reporting) and RAN3 (NRPPa: PRS configuration transfer, AoD retrieval from serving gNB, PRS-RSRP and AoD exchange between serving gNB and neighbour gNBs)
· PRS-RSRP is not transparent to gNB
· Positioning latency is very high compared to alternative 1-x due to signalling over NRPPa to get AoD from serving gNB, measurement configuration and reporting between serving gNB and UE, signalling exchanges between gNBs, all as part of each AoD positioning request
· Implementation effort is less since the the AoD information is stored in a distributed manner over the gNBs and any changes to AoD information due to beam configuration changes can be reflected in the stored AoD information and the AoD information stored at gNBs can be independently maintained at the gNBs.
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Figure 4: Alt 2-2, AoD mapping done at gNB and PRS-RSRP measurements distributed to gNBs by the serving gNB over Xn
From the analysis of different alternatives above, Alt 1-2 with AoD mapping done at LMF and AoD information transferred over NRPPa from gNBs to LMF seems most attractive when considering the positioning latency and ease of implementation.
Proposal 1: RAN2 to take the analysis provided in this paper and consider any additional alternatives and additional evaluation criteria for discussion and decide whether LMF or gNB performs the mapping of AoD based on PRS-RSRP measurements and decide which signalling option is to be adopted for normative work.
3.2	Classification of AoD positioning technique
From the analysis in Section 3.1 it is evident that the AoD positioning procedures are very close to the LTE OTDOA procedures, but it differs in that it uses PRS-RSRP measurement as opposed to RSTD measurement based on PRS and there is an addition mapping operation using PRS-RSRP measurement to obtain the AoD before the position estimation step. Also, the PRS-RSRP measurements are done not only on the serving gNB but also on neighbour gNB. Unlike E-CID positioning which does not require assistance data for UE to perform measurements AoD positioning requires assistance data for UE to perform measurements. So, AoD positioning technique can neither be classified as OTDOA positioning method nor as E-CID positioning method. AoD positioning should be classified as an independent positioning method.
Proposal 2: NR AoD positioning technique is an independent positioning technique and is to be classified as a separate method and captured in 38.305 and 36.355.
4	Conclusion
After analysing different signalling flows for support of AoD positioning in NR we make the following proposal:
Proposal 1: RAN2 to take the analysis provided in this paper and consider any additional alternatives and additional evaluation criteria for discussion and decide whether LMF or gNB performs the mapping of AoD based on PRS-RSRP measurements and decide which signalling option is to be adopted for normative work.
We also propose, for reasons explained in section 3.2, to classify the AoD positioning technique as an independent positioning method.
Proposal 2: NR AoD positioning technique is an independent positioning technique and is to be classified as a separate method and captured in 38.305 and 36.355
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