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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.  This document examines how the support of different positioning methods should be prioritised.
[bookmark: OLE_LINK41][bookmark: OLE_LINK24][bookmark: OLE_LINK17][bookmark: OLE_LINK16]Discussion
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
This leaves RAN1 and RAN2 with the task of determining whether and how to support the remaining methods (OTDOA with NR measurements, uplink E-CID, downlink E-CID with NR measurements, and UTDOA) as well as any new methods that might prove themselves worthwhile.
New methods and angular positioning
New methods need to be evaluated for performance in RAN1 before being slated for protocol support.  However, it is worth considering the potential requirements of angular positioning, which could be a new method specific to NR (most obviously applicable in FR2) based on intersecting angular information from multiple gNBs or TRPs, as shown in Figure 1.


[bookmark: _Ref528074575]Figure 1: Angular positioning
In the figure, the angles θ1 and θ2 need to be delivered via NRPPa 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 seems likely that downlink measurements taken by the UE would not be accurate enough), it would be necessary to enable non-serving cells to provide angular measurements 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.
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.  It appears 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 1: If angular positioning is specified, the signalling support for measurements can be handled by RAN3.
However, it would also need to be considered what signal is measured, similar to the SRS vs. SPS discussion for UTDOA.  It seems more in RAN2 scope to determine what signal should be used.
Proposal 2: If angular positioning is specified, RAN2 need to determine if SRS, SPS, or another signal is used for the measurement.
OTDOA with NR measurements
It seems clear that NR-OTDOA will be supported as the central positioning method for Rel-16.  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.
Proposal 3: For NR-OTDOA, RAN2 need to define assistance data and measurement IEs based on RAN1 outcomes.
In terms of the actual specification impact, although the details cannot be known in advance, some general decisions can be made about where the results of RAN1 work can be captured in the protocol.  Assuming LPP is reused (or if a new NRPP is defined with a similar structure), NR-OTDOA could either be captured as a new method or defined as part of the existing OTDOA method.  The difference determines whether separate assistance data reference cells would be provided for LTE and OTDOA NR assistance data; if the methods are combined, there would be only one assistance data reference cell, while if they are separated there would be one for LTE and one for NR, and the UE would need to be able to determine the SFN of at least one cell from each of the LTE and NR assistance data sets.  Accordingly, there is a slight advantage to the UE in combining the methods.
Proposal 4: NR-OTDOA can be added as part of the existing OTDOA method.
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.
E-CID
Note that it would be technically possible to introduce NR E-CID as a separate method, but we see no advantage to doing this.  Combining E-UTRA and NR E-CID allows the UE to provide a combined list of cells from both technologies, which seems useful to the server; there appears to be no reason to have the server request measurements from one technology only.
Proposal 5: NR E-CID is introduced as part of the existing E-CID method.
Support of uplink E-CID should involve no work from RAN2 point of view; it only depends on providing measurements from the gNB through NRPPa (under RAN3 responsibility).
For downlink E-CID with NR measurements, the measurements need to be added to ECID-ProvideLocationInformation.  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 (e.g. 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 6: The NR measurements for E-CID are added to ECID-ProvideLocationInformation at the top level.
UTDOA
Finally, UTDOA is supported in LTE and should be considered for NR.  It is not really in RAN2 scope, but historically RAN2 took stage 2 decisions on the support of UTDOA.
The current architecture from SA2 does not include LMUs, and no group is tasked with developing an equivalent of SLmAP.  This would seem to mean that at best, UTDOA can only be supported between gNBs.  It would depend on knowledge of the timeline between the gNBs, similar to the requirements for OTDOA, and on the ability of the gNBs to measure a signal (e.g. SRS) configured for the UE by a different gNB.
Proposal 7: If supported, UTDOA is only supported between gNBs (i.e. there are no standalone LMUs).
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 SRS, so that no additional uplink signalling procedure (e.g. dummy SPS configuration) is needed.
Proposal 8: If supported, UTDOA is only supported with SRS.
There is a special problem with UTDOA in FR2: If the SRS 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 SRS 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 9: If UTDOA is supported, beam sweeping of SRS needs to be considered.
Considering these complexities and the limited time, we propose that UTDOA can be considered as a lower priority positioning method for Rel-16.
Proposal 10: UTDOA can be considered at lower priority for Rel-16.
Conclusion
This document promulgated the following proposals:
Proposal 1: If angular positioning is specified, the signalling support for measurements can be handled by RAN3.
Proposal 2: If angular positioning is specified, RAN2 need to determine if SRS, SPS, or another signal is used 
for the measurement.
Proposal 3: For NR-OTDOA, RAN2 need to define assistance data and measurement IEs based on RAN1 outcomes.
Proposal 4: NR-OTDOA can be added as part of the existing OTDOA method.
Proposal 5: NR E-CID is introduced as part of the existing E-CID method.
Proposal 6: The NR measurements for E-CID are added to ECID-ProvideLocationInformation at the top level.
Proposal 7: If supported, UTDOA is only supported between gNBs (i.e. there are no standalone LMUs).
Proposal 8: If supported, UTDOA is only supported with SRS.
Proposal 9: If UTDOA is supported, beam sweeping of SRS needs to be considered.
Proposal 10: UTDOA can be considered at lower priority for Rel-16.
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