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Introduction
[bookmark: _Hlk506299356]At the RAN2#108 meeting, an email discussion [108#87] was initiated to discuss companies views about supporting additional path reporting with timing-based measurements. Judging from the early comments obtained, companies are positive to introduce additional path reporting in the same way as in LTE for timing-based measurements. In this contribution, we discuss some related aspects and propose the introduction of a Boolean indication per report to significantly improve performance.
LoS and NLoS aspects of positioning performance
As concluded in [1], including additional path reporting will increase the probability of including the first detected path from the target device and thereby the performance is significantly improved. This was observed in LTE when support for additional path reporting was introduced for OTDOA. Similar observations [2] have also been made for NR DL-TDOA. In those cases, the benefit from additional path reporting was to increase the probability to include the first detected path. Since no signal strength information was included in the LTE additional path reporting, the location server needs to in general consider multiple hypothesis regarding the different reported paths.
If also signal strength information per path would be reported, maybe together with even more detailed information per path, then the performance can further be improved, but this general discussion can continue into Rel. 17.
However, it is relevant to see if there are any low hanging fruits that can be considered already in Rel. 16.
For that reason, we have evaluated DL-TDOA performance in the Indoor Open Office scenario that is one of the evaluation scenarios used in Rel. 16 for NR positioning evaluations. There is one modification of the IOO scenario with the addition of an NLOS excess delay. The lognormal parameters for the NLOS excess delay (absolute time of arrival modelling) is mu=-7.5 and sigma=0.4, i.e. LOG10(dt) is normally distributed with these parameters. This means that the mean NLoS excess delay is 48.3ns corresponding to 14.5m. This is the same as for the InF models.
Here we assume three different handling of the RSTDs 
· Normal TOA detection, where the device will take the first path among all paths that are above a signal strength threshold, 3dB below the strongest path
· Oracle LoS detector, that will perfectly identify the LoS paths and consider those for position estimation
· LoS detector based on an indication of the strongest path among reported paths. The device will exclude node measurements for which the strongest path is not the first reported path
The results are summarized in the figure below, where we can observe significant benefits from a simple indication of the strongest path, almost as good as the oracle LoS detector
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We have the following observation
Observation 1	By including a strongest path indicator or a first path is the strongest path indicator, the location server can use this indication to discriminate among the reported measurements and significantly improve positioning performance 
We therefore have the following proposal:
Proposal 1	Introduce a strongest path indicator or a first path is the strongest path indicator with the additional path reporting

A draft text proposal with a suggested representation of the needed information can be found in Appendix A.
Proposal 2	Introduce the text proposal in Appendix A into the running LPP CR  
Conclusion
Based on the discussion in section 2 we observe and propose the following
[bookmark: _In-sequence_SDU_delivery]Observation 1	By including a strongest path indicator or a first path is the strongest path indicator, the location server can use this indication to discriminate among the reported measurements and significantly improve positioning performance 
Proposal 1	Introduce a strongest path indicator or a first path is the strongest path indicator with the additional path reporting

Proposal 2	Introduce the text proposal in Appendix A into the running LPP CR  
References
R1-167663 Multipath RSTD reporting per cell for enhanced indoor positioning, Ericsson
R1-1909426 UE and gNB measurements for NR positioning, Ericsson



Appendix A Text Proposal for TS 37.355
To put the additional path reporting into the right context, we include text from the draft of the email discussion on LPP representation of NR positioning, [108#86].

-- ASN1START

NR-Pos-SignalMeasurementInformation-r16 ::= SEQUENCE {
	nr-posList-r16				NR-PosList-r16,
	...
}

nr-TRP-ID-r16 					INTEGER (0..nrMaxTRP-1)		OPTIONAL,

NR-PosList-r16 ::= SEQUENCE (SIZE(0..nrMaxTRP-1)) OF 
								NR-PosListElement-r16

NR-PosListElement-r16 ::= SEQUENCE {
	nr-TRP-ID-r16 						INTEGER (0..nrMaxTRP-1),
	nr-PRS-ResourceId-r16				NR-PRS-ResourceId -r16	  		OPTIONAL,
	nr-PRS-ResourceSetId-r16			NR-PRS-ResourceSetId-r16 		OPTIONAL,
	nr-rstd-r16							INTEGER (FFS)					OPTIONAL,	-- Cond NotFirstElement
	nr-additionalPaths-r16				NR-AdditionalPathList-r16		OPTIONAL,
	nr-toaQuality-r16					NR-TOAMeasQuality-r16			OPTIONAL,	-- Cond TOAmeas
	nr-ueRxTxTD-r16						INTEGER (FFS)					OPTIONAL,	-- Cond RXTXmeas
	nr-RxTxSync-Quality-r16				NR-RxTxSyncQuality-r16 			OPTIONAL,	-- Cond RXTXmeas
	nr-rsrp-r16							INTEGER (0..127)				OPTIONAL,	-- Cond RSRPmeas
	nr-rsrp-Quality-r16					NR-RSRPMeasQuality-r16			OPTIONAL,	-- Cond RSRPmeas
	nr-sameTRP-RSTD-List-r16			NR-SameTRP-RSTD-List-r16,		OPTIONAL,	-- Cond ReportRelRSTDRes
	nr-sameTRP-RSRP-List-r16			NR-SameTRP-RSRP-List-r16,		OPTIONAL,	-- Cond ReportRSRPListRes
	...
}

NR-SameTRP-RSTD-List-r16 ::= SEQUENCE (SIZE(1..nrMax-Rel-RSTD)) OF 
				NR-SameTRP-RSTD-ListElement-r16

NR-SameTRP-Additional-RSRP-List-r16 ::= SEQUENCE (SIZE(1..nrMax-Additional-RSRP)) OF 
				NR-SameTRP-Additional-RSRP-ListElement-r16

NR-SameTRP-RSTD-ListElement-r16 ::= SEQUENCE {
	nr-PRS-ResourceId-r16				NR-PRS-ResourceId-r16	  		OPTIONAL,
	nr-PRS-ResourceSetId-r16			NR-PRS-ResourceSetId-r16 		OPTIONAL,
	nr-sameTRP-rstd-r16					INTEGER (FFS)					OPTIONAL,
	nr-additionalPaths-r16				NR-AdditionalPathList-r16		OPTIONAL,
	nr-toaQuality-r16					NR-TOAMeasQuality-r16			OPTIONAL,
	...
}

NR-SameTRP-Additional-RSRP-ListElement-r16 ::= SEQUENCE {
	nr-PRS-ResourceId-r16				NR-PRS-ResourceId-r16	  		OPTIONAL,
	nr-PRS-ResourceSetId-r16			NR-PRS-ResourceSetId-r16 		OPTIONAL,
	nr-rsrp-r16							INTEGER (0..127)				OPTIONAL,	-- Cond RSRPmeas
	nr-rsrp-Quality-r16					NR-RSRPMeasQuality-r16			OPTIONAL,	-- Cond RSRPmeas
	...
}

nrMax-Rel-RSTD		  INTEGER ::= 3	-- Max relative RSTD within same TRP 

nrMax-Additional-RSRP INTEGER ::= 7	-- Max additional RSRP within same TRP 


-- ASN1STOP
 
[…]
[bookmark: _Toc20690651]–	NR-AdditionalPath
The IE NR-AdditionalPath is used by the target device to provide information about additional paths in association to the TOA measurements associated to NR positioning in the form of a relative time difference and a quality value. The additional path nr-relativeTimeDifference is the detected path timing relative to the detected path timing used for the TOA value, and each additional path can be associated with a quality value nr-path-Quality.
-- ASN1START

NR-AdditionalPath-r16 ::= SEQUENCE {
	nr-relativeTimeDifference-r16	FFS,
	nr-path-Quality-r16				NR-TOAMeasQuality-r16				OPTIONAL,
	...
}

-- ASN1STOP

	NR-AdditionalPath field descriptions

	nr-relativeTimeDifference
This field specifies the additional detected path timing relative to the detected path timing of the reference resource. A positive value indicates that the particular path is later in time than the detected path of the reference; a negative value indicates that the particular path is earlier in time than the detected path of the reference

	nr-path-Quality
This field specifies the target device′s best estimate of the quality of the detected timing of the additional path.
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