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1	Introduction
In this paper we analyse the impacts to RAN architecture for the support of UL-TDOA positioning in NR.
2	Background
RAN1 completed the study on NR positioning [1] in March 2019. Detailed evaluations of different positioning techniques and conclusions are documented in [2]. After the conclusion of the study on NR positioning, a work item [3] for Release 16 was also agreed in RAN#83. One of the positioning techniques studied is the UL-TDOA positioning. It was recommended by the study conclusions to proceed with the definition of reference signals to be used for gNB measurements to facilitate support of UL-TDOA positioning and the UL RTOA measurement was identified as necessary for UL-TDOA positioning and was also recommended to be specified.
The following are objectives of the work item on NR positioning support [3]:
	RAN1 centric objectives
Specify NR DL and UL reference signals to facilitate support of NR positioning techniques (DL-TDOA, DL-AoD, UL-TDOA, UL-AoA, multi-cell RTT and E-CID) [RAN1]
· Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15
· Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques
· Define new DL positioning reference signals applicable at least for DL-TDOA, DL-AoD, RTT
· Define UL SRS with possible enhancements for positioning which is applicable at least for RTT, UL-TDOA, UL-AoA
· <…>
Define gNB measurements based on UL reference signals applicable for NR positioning. The following gNB measurements are specified [RAN1]:
· UL RTOA (relative time of arrival) measurements for NR positioning
· UL Angle of Arrival (AoA) measurements (including Azimuth and Zenith Angles) for NR positioning
· UL RSRP (reference signal received power) measurements for NR positioning
· gNB RX-TX time difference measurements for NR positioning
<…>
RAN2 + RAN3 centric objectives
Resolve open aspects on architecture and proceed with normative work for the following items [RAN2/RAN3]:
· Location of the transmission measurement function 




3	Discussion
3.1	An overview of UTDOA in LTE
In LTE UTDOA is supported as one of the uplink positioning method. The UTDOA positioning method makes use of the measured timing at multiple Location Measurement Units (LMU) of uplink signals transmitted from UE. The LMU measures the timing of the received signals using assistance data received from the positioning server, and the resulting measurements are used to estimate the location of the UE. The LMU is part of the LTE UE positioning reference architecture where both standalone LMU and LMU integrated in eNB are supported.
Figure 1: UE Positioning Architecture applicable to E-UTRAN


An E-SMLC can interact with the Serving eNodeB for the UE in order to retrieve target UE’s configuration information (configuration information about uplink SRS reference signal transmitted by the UE) to support the uplink positioning method. The configuration information may include information required by the LMUs to obtain uplink time measurements. The E-SMLC can indicate to the serving eNodeB the need to direct the UE to transmit SRS signals for uplink positioning. If the requested resources are not available, the eNB may assign other resources (or no resources e.g. if none are available) and report the resource allocation to the E-SMLC.
The E-SMLC will select multiple i.e. a set of LMUs to be used for the UTDOA positioning. The E-SMLC interacts with the selected LMUs to request timing measurements (UL RTOA measurements).
Signalling between E-SMLC and LMU takes place over SLm interface and uses the SLmAP protocol that is terminated in LMU and E-SMLC. Additional details on SLmAP can be found in Section 6.7 and Section 7.4 in TS 36.305 [4]. For detailed call flows, information transferred between eNB and E-SMLC and between E-SMLC and LMU, please see Section 8.5 in TS 36.305 [4].
In summary:
· The positioning server needs to communicate with the serving eNB of a target UE to be positioned to get the SRS configuration that the eNB provides to the UE
· The positioning server is a central entity that selects and interacts with multiple LMUs
· [bookmark: _Hlk898298]A central entity like the positioning server is required so that the SRS configuration for a target UE needs distribution to multiple LMUs
· A central entity like the positioning server is needed also to gather the measurements (RTOA) from multiple LMUs for estimating the position of the target UE
· The positioning server is also responsible to update the LMUs if there are any changes to the SRS configuration for the target UE
3.2	Issues for discussion for the support of UL-TDOA positioning
The following is a list of issues, but not limited to it, that needs to be discussed in RAN2 and decided in coordination with RAN1 and RAN3:
· Do we need LMU to perform UL RTOA measurements in NR or can this measurement be considered as a gNB measurement? 
· Do we need support for standalone LMU?
· Do we need support for LMU integrated with gNB?
· If standalone LMU and gNB integrated LMU are required to be supported then do we need to have a standardized interface between LMF and LMU, like SLm interface in LTE, with a corresponding SLmAP like protocol?
· Do we need the LMF to centrally configure LMUs for UL RTOA measurement at all?
During the study since LMU aspects were not discussed, there was no clear view about the need for LMU. So, the issue was kept open to investigate whether a transmission measurement function is required or not. Since one of the objectives in the WID is to introduce a UL RTOA measurement, clearly there is a need for a transmission measurement function (TMF) on the network side to support UL RTOA measurements. RAN1 study [2] and the WID [3] already concludes that the UL RTOA measurement is a gNB measurement. So, the TMF should be one of the gNB functions (a receive only function) in NR.
Observation 1: The TMF in NR is equivalent to functions done by LMU in LTE
Proposal 1: The TMF is a gNB receive only function in NR, specifically a function of the DU in the gNB
Proposal 2: The gNB DU is responsible to calculate/derive the UL RTOA measurement
In NR since the gNB is designed to have a distributed architecture with a CU/DU split and since there can be many DUs associated with the CU it is possible to have the TMF as DU specific function. This also allows the CU, as opposed to LMF, to manage the different TMFs in NR. The implications of not having the LMF manage TMFs include:
· NRPPa Information request/response signalling for LMF to obtain SRS configuration from gNB is not needed. It is a RAN internal thing.
· LMF/TMF does not need to support the SLm interface or SLmAP protocol in NR standalone deployments
· Only the NRPPa UL-RTOA measurement request/report signalling is needed for the LMF
· The CU needs to implement a new F1AP measurement request/report signalling with the DUs
Proposal 3: The gNB CU shall manage the TMFs in terms of selecting TMFs, configuring the TMFs with SRS configuration
Proposal 4: The gNB CU is responsible for determining the SRS resources and for signalling the UE the SRS configuration
Proposal 5: The NRPPa and F1AP protocols can be used to support UL-TDOA positioning and there is no need for the equivalent of a SLmAP protocol to be terminated in LMF and TMF
There are multiple options for realization of the TMF function in the gNB.
· Option 1: TMF is a separate logical entity connected to the CU over F1 interface
· Option 2: TMF is a separate logical entity connected to the DU over an interface outside the scope of 3GPP but with a standardized interface
· Option 3: TMF is a functionality integrated as part of the DU
· Option 4: TMF is a functionality integrated as part of the Remote Radio Heads (RRH) which connects to the DU over an interface outside the scope of 3GPP
In option 1, the TMF will need to support F1 interface and the F1AP protocol.
In option 2, the TMF can connect to the DU using a standardized interface e.g. CPRI.
In option 3 and option 4 it is up to gNB implementation to realize the TMF functionality.
Note that with option 1 and option 2 it is possible to have a standalone TMF logical entity to connect to the gNB using a standardized interface. With option 1 the specification effort will be for 3GPP RAN WG3 while with option 2/3/4 the specification effort is done outside of 3GPP or left to implementation thereby expediting the specification development in 3GPP for UL-TDOA positioning. Also, with option 1, The TMF will need to support the F1 interface and requires changes to the positioning architecture. Given that option 2 allows a standardized interface and a standalone TMF with no specification effort for 3GPP and TMF does not have to support the SLm interface, we prefer the option 2 above. 
Proposal 6: The TMF for UL-TDOA positioning is a gNB DU function but how exactly the TMF is realized in the gNB DU should be left to gNB implementation. There is no need to show the TMF in the positioning reference architecture.
4	Conclusion
In this paper we looked at impacts to architecture and interfaces for supporting UL-TDOA positioning and make the following observations and proposals:
Observation 1: The TMF in NR is equivalent to functions done by LMU in LTE
Proposal 1: The TMF is a gNB receive only function in NR, specifically a function of the DU in the gNB
Proposal 2: The gNB DU is responsible to calculate/derive the UL RTOA measurement
Proposal 3: The gNB CU shall manage the TMFs in terms of selecting TMFs, configuring the TMFs with SRS configuration
Proposal 4: The gNB CU is responsible for determining the SRS resources and for signalling the UE the SRS configuration
Proposal 5: The NRPPa and F1AP protocols can be used to support UL-TDOA positioning and there is no need for the equivalent of a SLmAP protocol to be terminated in LMF and TMF
Proposal 6: The TMF for UL-TDOA positioning is a gNB DU function but how exactly the TMF is realized in the gNB DU should be left to gNB implementation. There is no need to show the TMF in the positioning reference architecture.
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