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As part of the Rel-16 study item package, RAN1 and RAN2 are tasked to study positioning for NR, beyond the basic support that was introduced in Rel-15.  At the RAN1 ad hoc of January 2019, RAN1 reached some conclusions on the support of positioning methods ([3]):
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:
1. NR should support timing (UL-TDOA) based UL-only positioning techniques in FR1 and FR2
0. 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
1. 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

This document examines how the support of different positioning methods should be prioritised, and the impact from a RAN2 perspective of supporting them.
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Background
The Rel-15 positioning support relying on LPP and NRPPa covers RAT-independent and E-UTRA RAT-dependent methods, as well as NR cell ID and cell portion ID ([1]).  That is, the following methods are already supported for a UE in NR access:
OTDOA with LTE measurements
A-GNSS
Uplink CID/cell portion ID
Downlink E-CID with LTE measurements
Sensors
TBS
WLAN and Bluetooth
After the conclusions of RAN1 ad-hoc 1901, it seems that at least the following methods are supported for Rel-16:
OTDOA with NR measurements (in FR1 and FR2)
DL-AoD (including beam sweeping, in FR1 and FR2)
UL-AoA (involving multiple gNBs/TRPs)
UTDOA (in FR1 and FR2)
RTT (involving multiple gNBs/TRPs)
The following sections examine these methods and what is needed to support them.
OTDOA with NR measurements
Extending OTDOA to support NR measurements should be fairly straightforward in many respects. The protocol support should strongly resemble what is there for LTE OTDOA; the assistance data and measurement formats will need to be defined when RAN1 have concluded on their contents.
Given the RAN2 decision to reuse and extend LPP, NR OTDOA could either be captured as a new method or defined as part of the existing OTDOA method.  There are two fundamental differences between the approaches:
If NR OTDOA is added as a separate method, TDOA measurements cannot be taken between LTE and NR cells;
If NR OTDOA is added as a separate method, NR and LTE OTDOA assistance data sets would require separate assistance data reference cells, and the UE would need to be able to determine the SFN of at least one cell from each set in the case that both methods were requested together.
On balance, assuming that combining the methods is technically possible, we see some advantage in maintaining a single OTDOA method common to LTE and NR.  In principle we see no technical obstacle; the RSTD measurement between an NR cell i and an LTE cell j can be defined as the timing difference of subframe boundaries TsubframeRx,j – TsubframeRx,i, just as in intra-LTE OTDOA, and the assistance data should provide enough information to determine the offset of the NR reference signal from the subframe boundary.  The limitation is that the measurement can only be taken to the resolution of the LTE sampling time Ts (~32 ns), whereas an intra-NR measurement on a numerology with a shorter sampling time could be to a correspondingly finer resolution.
Proposal 1: NR OTDOA can be added as part of the existing OTDOA method, assuming that the NR OTDOA assistance data provides enough information to determine the offset of the NR reference signal transmission from the subframe boundary.
The structure of the additions can be similar to what was done for NB-IoT; for example, OTDOA-ProvideAssistanceData could be modified as follows:
-- ASN1START

OTDOA-ProvideAssistanceData ::= SEQUENCE {
	otdoa-ReferenceCellInfo			OTDOA-ReferenceCellInfo				OPTIONAL,	-- Need ON
	otdoa-NeighbourCellInfo			OTDOA-NeighbourCellInfoList			OPTIONAL,	-- Need ON
	otdoa-Error						OTDOA-Error							OPTIONAL,	-- Need ON
	...,
	[[
	 otdoa-ReferenceCellInfoNB-r14	OTDOA-ReferenceCellInfoNB-r14		OPTIONAL,	-- Need ON
	 otdoa-NeighbourCellInfoNB-r14	OTDOA-NeighbourCellInfoListNB-r14	OPTIONAL	-- Need ON
	]],
	[[
	 otdoa-ReferenceCellInfoNR-r16	OTDOA-ReferenceCellInfoNR-r16		OPTIONAL,	-- Need ON
	 otdoa-NeighbourCellInfoNR-r16	OTDOA-NeighbourCellInfoListNR-r16	OPTIONAL	-- Need ON
	]]
}

-- ASN1STOP

Similarly, a new otdoa-SignalMeasurementInformationNR could be added to OTDOA-ProvideLocationInformation.  Regarding the assistance data reference cell, only one of otdoa-ReferenceCellInfo and otdoa-ReferenceCellInfoNR-r16 would be provided at a time (since they cannot be assumed to be the same cell as done in the case of NB-IoT).
If phase information is also taken into account, the result would be a kind of high-precision OTDOA, broadly analogous to RTK in GNSS.  RAN1 noted that further feasibility analysis is required, and it does not seem that RAN2 can make progress in this direction until there has been progress in such a feasibility analysis.
Angular positioning: DL-AoD and UL-AoA
RAN1 agreed to support positioning by DL-AoD and UL-AoA, based on intersecting angular information from multiple gNBs or TRPs, as shown in Figure 1.


[bookmark: _Ref528074575]Figure 1: Angular positioning (DL-AoD/UL-AoA)
In the figure, the angles θ1 and θ2 need to be delivered via LPP (DL-AoD) or NRPPa (UL-AoA) to the LMF.  Angular measurements have already been available in LPPa since LTE Rel-9, but only for the serving cell.  To enable angular positioning based on uplink measurements, it would be necessary to enable non-serving cells to take angular measurements and provide them to the LMF.  This would be primarily RAN3 work, although there might be some related RAN2 requirements to generate the uplink signals to be measured.
For UL-AoA, the protocol impact seems fairly straightforward: NRPPa would need to be supplemented with angular measurements.  However, these need to be in a message separate from the E-CID measurement results, since those apply only to the serving cell.  A new elementary procedure would be needed for angular positioning measurements; the request would include the configuration of signals to be measured (similar to the measurement request message in SLmAP used for UTDOA) and the response would comprise the angular measurement.  RAN3 would be responsible for the details, but it appears that this could be specified without excessive effort.
Proposal 2: For UL-AoA, RAN2 assume the signalling support for measurements can be handled by RAN3 as part of NRPPa.
UL-AoA could be introduced as a separate positioning method, or as part of a general “NR uplink positioning” umbrella method that also includes UTDOA and uplink RTT measurements.  RAN3 can take this decision during the normative phase.
Proposal 3: The organisation of uplink techniques into positioning methods is left for RAN3 to resolve in the normative phase.
For DL-AoD, we understand that the intention is that the UE receives beamformed signals (e.g. DL PRS) that encode beam index information, from one or more gNBs/TRPs, and feeds the index information (or the corresponding angle(s)) back to the LMF via LPP.  This can be done within the framework of the existing E-CID method, by adding the angular measurements to the location information.
Proposal 4: DL-AoD positioning is supported as a subset of the E-CID method.
The measurements, along with other E-CID measurements for NR cells, need to be added to ECID-ProvideLocationInformation, where they could be introduced at the top level or within ECID-SignalMeasurementInformation.  When NB-IoT measurements were added, the latter approach was taken; actually, the NB-IoT measurements were added to the MeasuredResultsElement structure, but this could not easily be extended to NR since the structure includes mandatory E-UTRA-specific parameters (physCellId and arfcnEUTRA).  It seems more natural to add the measurements at the top level, e.g. as follows:
-- ASN1START

ECID-ProvideLocationInformation ::= SEQUENCE {
	ecid-SignalMeasurementInformation	ECID-SignalMeasurementInformation		OPTIONAL,
	ecid-Error							ECID-Error								OPTIONAL,
	...,
	[[
	 ecid-SignalMeasurementInformationNR	ECID-SignalMeasurementInformationNR	OPTIONAL
	]]
}

-- ASN1STOP

Proposal 5: The measurements for DL-AoD positioning are added to the existing ECID-ProvideLocationInformation at the top level.
UTDOA
RAN1 concluded that UTDOA positioning should be supported between gNBs/TRPs.  We understand this to mean that there is not a requirement for standalone LMUs or a separate protocol analogous to SLmAP.
To support this, in addition to a “UTDOA Information Exchange” procedure similar to the one in LPPa, RAN3 would need to define a “UTDOA Measurement” procedure as part of NRPPa.  The uplink signal configuration to be measured would need to be configured at one gNB, then shared (probably by the LMF, but potentially directly over Xn) with other gNBs, and the measurements collected at the LMF for position computation.  The details belong to RAN3 to resolve.
Similar to LTE, it would reduce the specification impact to confine UTDOA to working with reference signals (SRS and/or a new UL PRS), so that no additional uplink signalling procedure (e.g. dummy SPS configuration) is needed.
Proposal 6: UTDOA is only supported with reference signals.
There is a special problem with UTDOA in an environment with uplink beamforming: If the uplink reference signals are beamformed, there is no guarantee that all gNBs can receive them.  The transmit beams of a UE are relatively wide, but the number of gNBs able to receive a particular signal may still be limited, and the geometry of the beam tends to harm the accuracy of the position calculation, since the gNBs that can receive the signal tend to be located in the same direction relative to the UE.  It will probably be necessary to consider beam sweeping of the reference signal transmissions, with the possibility for the gNB to know which beam it receives (since it affects the transmit timing).  We assume this would be mainly RAN1 work, although there might be RAN2 support needed to configure the signals appropriately.
Proposal 7: Beam sweeping of uplink reference signals needs to be considered.
RTT
Finally, RAN1 agreed to support RTT with multiple gNBs/TRPs, for both DL and UL positioning.  Obtaining RTT with the serving cell is well understood, but it is not obvious how to determine the RTT with a non-serving cell.  This was discussed in several papers at RAN1 ad-hoc 1901, and based on the summaries in [3] and [4] it seems that RAN1 are attempting to converge further on exactly what measurements would be needed and how they would be propagated (e.g. as E-CID measurements or a new positioning method).
If RTT computation depends on measurements taken by multiple base stations as suggested in some RAN1 papers, the message flow would seem to be similar to UL-AoA or UTDOA: a configuration step with the serving cell to determine what signal will be sent in the uplink (such as aperiodic SRS or uplink PRS), a second configuration step with the neighbouring gNBs so they know what signal to listen for, and an interaction over the air with the UE to cause it to transmit the signal.
Proposal 8: If RTT is supported based on measurements by multiple base stations, it can be introduced as part of the uplink positioning framework.
Conclusion
This document promulgated the following proposals:
Proposal 1: NR OTDOA can be added as part of the existing OTDOA method, assuming that the NR OTDOA assistance data provides enough information to determine the offset of the NR reference signal transmission from the subframe boundary.
Proposal 2: For UL-AoA, RAN2 assume the signalling support for measurements can be handled by RAN3 as part of NRPPa.
Proposal 3: The organisation of uplink techniques into positioning methods is left for RAN3 to resolve in the normative phase.
Proposal 4: DL-AoD positioning is supported as a subset of the E-CID method.
Proposal 5: The measurements for DL-AoD positioning are added to the existing ECID-ProvideLocationInformation at the top level.
Proposal 6: UTDOA is only supported with reference signals.
Proposal 7: Beam sweeping of uplink reference signals needs to be considered.
Proposal 8: If RTT is supported based on measurements by multiple base stations, it can be introduced as part of the uplink positioning framework.
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