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1 Introduction

The work item on "NR Positioning Support" has been agreed at RAN#83 [1]. 

For RAN2 the objectives include:

· Define functional interfaces, signaling and procedures including UE reporting, to support NR RAT-dependent positioning for the NR positioning techniques listed in RAN1 objectives [RAN2]
· Define extensions of LPP protocol for NR RAT-dependent positioning [RAN2]
· Study and, if agreed, specify system level aspects of the DL-only UE based positioning [RAN2]

For RAN1 a number of RAT dependent positioning objectives are listed: [1], [3]:
-
DL-based positioning:
-
DL Time Difference of Arrival (DL-TDOA);

-
DL Angle of Departure (DL-AoD).

-
UL-based positioning:
- 
UL Time Difference of Arrival (UL-TDOA);

-
UL Angle of Arrival (UL-AoA).

-
Combined DL and UL based positioning:
-
Round-trip time (RTT) with one or more neighbouring gNBs/TRPs (multi-cell RTT).

-
Enhanced Cell-ID (E-CID).

To support the above positioning techniques, the following measurements are supposed to be defined by RAN1 [1], [3]:

-
UE measurements (for serving, reference, and neighbouring cells):
-
DL RSTD (reference signal time difference) measurements.

-
DL RSRP (reference signal received power) measurements. 

-
UE RX-TX time difference measurements.

- 
gNB measurements:
-
UL RTOA (relative time of arrival) measurements. 

-
UL Angle of Arrival (AoA) measurements.

-
UL RSRP (reference signal received power) measurements.

-
gNB RX-TX time difference measurement.
At RAN2#107 [2], RAT dependent positioning was briefly discussed, but no agreements were made.
In this document we discuss the need to update the LPP and NRPPa protocols to support DL positioning in relation to beam management, and the support for both cell specific as well as UE specific DL PRS signals.
2 Discussion
2.1 Downlink based positioning, 
An illustration of a downlink-based positioning using multi-lateration in shown in Figure 1. Here, a UE needs to receive multiple beam-forming signals from gNBs/TRPs for the multi-lateration and then perform positioning measurement. The measurement can be a timing-based measurement, such as RSTD measurement that is commonly used in observed time different of arrival (OTDOA) or it can also be a received power-based measurement, such as RSRP measurement. In this example, each gNB transmits positioning reference signal (PRS) using a certain beam direction that is typically required in NR with FR2. 
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Figure 1: Illustration of DL-TDOA with beam-forming signal from multiple gNBs.
In order to ensure the UE can perform positioning measurement efficiently, the configuration on PRS multiplexing should be introduced within preconfigured PRS resources, which can accommodate the PRS transmitted from multiple beams and from multiple gNBs. Furthermore, a set of PRS resources (e.g. multiple resource elements carrying PRS) can represent PRS angle of departure (AoD) or transmit beam of PRS from a gNB. This is illustrated in Figure 2. Here, a gNB is illustrated with possible 4 different beam directions and it translates to 4 different PRS resources.
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Figure 2: Illustration of PRS multiplexing supporting multiple beams 

In order for the UE and Location server to be aware of the beam configurations, the existing LPP and NRPPa needs to be modified.

Then the beam configration related to PRS transmissions needs to be provided to related gNBs and to the UE, and this also needs to be added to LPP and NRPPa. 

Proposal 1: LPP and NRPPa needs to be extended to support beam management operation for downlink PRS transmissions and UE positioning measurements.

As one of the forms of the indication to the UE, we consider it can be based on the selected gNBs. For example, a UE can report the measurement report of selected gNBs. The selection can be based on the measurement quality, for example best N measurement reports from a set of gNBs. This operation would be beneficial in order to improve the efficiency of positioning measurement report.
Proposal 2: Support to limit the positioning measurement report (i.e. based on the selected gNBs).

Referring to the configured PRS multiplexing and beam operation as shown in Figure 2, the UE can perform these set of measurements as shown in Figure 3 Figure 3. The measurement can be an RSTD measurement and/or RSRP measurement. In this example, if the UE is located between gNB1 - beam 1 and gNB 2 – beam 3 then the UE is expected to obtain the best measurements based on those beams. Assuming the UE has known knowledge of the PRS configuration, the UE can identify the beam index in the form of resource ID of that measurement. Here, basically the UE has obtained the angle of departure (AoD) information of each gNB.
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Figure 3: UE measurements data and the selected report
In legacy LTE, DL PRS transmission is essentially a cell-specific type of signal. The DL PRS is configured based on cell ID and periodically transmitted with certain duration and periodicity. Furthermore, the positioning requirement in LTE is only to fulfil the regulatory requirements... 
The initial target of NR positioning for both regulatory and commercial requirements are described in [6] . The report also mentioned that it is expected that no single solution would fit all of the requirements for various use-cases and scenarios. Various UEs in a cell may have different positioning requirements

A flexible approach can include the combination of RAT dependent and RAT independent techniques which is not the scope of this work item [1] .
Considering these aspects, it would be beneficial to have two operating NR positioning modes. 

The first operation mode is a cell-specific positioning mode, where the gNB transmits DL PRS with certain duration and periodicity. This is almost similar as DL PRS in LTE, except DL PRS in NR needs to at least consider the transmit/receive beam operation. We can expect all the UEs in at least a cell know the DL PRS configuration. Furthermore, we can consider the cell-specific DL PRS is designed to fulfil at least the regulatory requirements. 

The second operation mode is a UE-specific positioning mode, where the gNB may transmits an aperiodic UE-specific DL PRS. This is particularly for the case in supporting stringent positioning commercial requirement. We can expect a UE that requires higher positioning accuracy can be allocated with additional or more DL-PRS allocation. The scheduling information of the DL PRS is only informed to a designated UE or group of UEs. 

Proposal 3: Support the operation of cell-specific and UE-specific DL PRS signals.

Another consideration is the ability to flexibly configure OTDOA positioning with a goal of achieving the positioning requirements. It has been agreed that the flexibility can be achieved by the possibility of allocating on-demand NR DL PRS resource allocation. By doing so, the UE may receive more reference signals in order to obtain an improved positioning measurement for higher positioning accuracy
Proposal 4: UE-specific DL PRS resources can be provided On-demand to the UE(s) in addition to the cell-specific DL PRS resources.

3 Conclusion
In this document we have med the following proposals:
Proposal 1: LPP and NRPPa needs to be extended to support beam management operation for downlink PRS transmissions and UE positioning measurements.

Proposal 2: Support to limit the positioning measurement report (i.e. based on the selected gNBs).

Proposal 3: Support the operation of cell-specific and UE-specific DL PRS signals.

Proposal 4: UE-specific DL PRS resources can be provided On-demand to the UE(s) in addition to the cell-specific DL PRS resources.
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