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[bookmark: _Ref349588338][bookmark: _Toc20921413]1	Introduction
This document is for the following email discussion:

[108#89][NR/Pos] Additional path reporting (Ericsson)
Discuss the proposed additional path reporting and develop a text proposal if the approach is agreeable.
	Intended outcome: Agreeable TP for next meeting
	Deadline:  Thursday 2020-02-13 


[bookmark: _Ref178064866][bookmark: _Toc20921414]2	Discussion
[bookmark: _Toc20921415]2.1	DL Additional Path
In the Rel. 14 work item on LTE positioning enhancements, rich UE reporting was considered in the scope of RSTD reporting for OTDOA. Significant benefits were observed [2], and additional path reporting per cell was agreed in Rel 14 LPP. Reporting of additional paths has also been investigated during the NR positioning work item [1] and significant benefits have again been observed.	Comment by Nokia: Please add details of this reference.	Comment by Nokia: Reference section missing
In LTE, the additional paths field is described in the following way, reference cell example:
additionalPathsRef
This field specifies one or more additional detected path timing values for the RSTD reference cell, relative to the path timing used for determining the rstd value. If this field was requested but is not included, it means the UE did not detect any additional path timing values.
In LTE, the maximum number of additional paths per cell that could be reported was set to 2, which was seen as significantly and sufficiently increasing the probability of including the first detected path of a downlink reference signal. With the wider DL PRS signal bandwidths supported by NR, the resolution of time of arrival (TOA) estimates improves over LTE. Furthermore, NR supports reporting of TOAs with different time references, such as TOA of a reference resource (as an RSTD report) or an uplink transmission timing (as a UE RxTx report). Both these are based on the same DL PRS TOA measurement and it is reasonable to introduce additional paths for both report types. Furthermore, the objective of configuring the report can be very different in different use cases, such as increasing the probability of the first detected path to be included as in LTE, to obtaining stable signal paths in more static environments, Therefore, it is difficult to determine a fixed number of paths to be reported during normative work..
We would like to ask companies to express their view about the reporting of additionalPaths, such as
a) shall the LTE additional path report format act as baseline for additional path reporting in NR, where the timing of each additional path is reported in relation to the timing used for the RSTD (and UE RxTx) measurement determination?
b) shall additional paths be reported per resource of RSTD? Per resource of UE RxTx?
c) shall the additional path report format be configurable to allow adaption to different scenarios and use cases?

A possible text proposal for an NR-AdditionalPath IE, which can be used in conjunction with either RSTD or UE RxTx measurements, can be: 

[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 downlink 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.




Question 1: Companies are requested to express their view on additional paths reporting from the UE

	Company
	Comments

	Huawei/HiSilicon
	We are in general supportive of reporting additional path measurements from UE. However, we would like to point out that RAN1 already made agreement that up to 4 RSTD/UE-RxTxDiff measurements can be reported per measured TRP by the UE, where each RSTD/UE-RxTxDiff is associated with a DL PRS resource ID. It seems that the easiest to way to achieve additional path reporting is to reuse the current mechanism by allowing multiple RSTD/UE-RxTxDiff measurements to be associated with the same PRS resource ID.

	CATT
	Multi-path report is supported in LTE. So, we are fine to include report timing-related measurements for additional paths in NR, following the LS from RAN1 discussion results.

	MediaTek
	We support the reporting of additional path measurements.  The related RAN1 agreement referred to by Huawei is:
Agreement:
The prior agreement is updated as given below:
UE can be configured to measure and report up to [M] DL PRS RSTD measurements per pair of TRPs with each measurement between a different pair of DL PRS resources or DL PRS resource sets, and the M measurements being performed on the same pair of TRPs subject to UE capability
· All the RSTD measurements in a single report should have a single reference timing
· Note: Each RSTD measurement is between DL PRS Resources corresponding to different TRP IDs.
· M=[3] 4

The value of M in the agreement is a UE capability; M=1 means the RSTD reporting is treated at TRP level independent of the number of transmit beams (this assumes the UE can combine the observed channel impulse responses from all the beams to derive a single CIR).  M>1 means the RSTD reporting is treated at beam level (i.e. each beam is assumed to have its own CIR).
With this in mind, the additional path reporting could also be at TRP level (per DL PRS resource set) or beam level (per DL PRS resource).  However, reporting at the beam level may incur a lot of reporting effort, and our understanding from RAN1 discussion is that it’s not clear why there would be very different path delays for different beams.  So we support additional path reporting at TRP level.

	Nokia
	We also support the UE reporting of additional path measurements as per the RAN1 agreements quoted by MediaTek.

	Ericsson
	We also support UE reporting of additional path measurements.



Further, it would be good to discuss as which additional path would be included by UE. RAN1 analysis shows that there are benefits of including information about the path of the strongest peak. Additional path reporting can also be enhanced if signal strength and/or phase, per additional path is reported as well as was discussed in RAN1. 
Question 2: Companies are requested to express their view on providing the Signal Strength/RSRP and/or phase per each additional path.  

	Company
	Comments

	Huawei/HiSilicon
	We are OK to include the “signal strength” for a path reported by UE. However, it seems to be too late to introduce this type of measurements in RAN1. Probably a relative signal strength difference can be considered.
When it comes to multiple PRS resources under which the same path were observed, UE should also report PRS resource ID that maximizes the signal strength of that particular path.

	CATT
	This is not supported in LTE and there is no evaluation result from RAN1 yet. We suggest it would be discussed in Rel-17.

	MediaTek
	We also think this needs to be discussed in RAN1 first and could be a valid Rel-17 topic.

	Nokia
	In Rel-16, we prefer to support just the measurement quantity (RSTD) that RAN1 had already agreed for additional path reporting. Additional measurements can be considered in a future release.

	Ericsson
	We agree that further information can be added to the reported paths of the same PRS resource or resource set, such as signal strength. In this release, we would like to include support for some strongest path indicator, see Appendix for identified significant benefits.




2.2	UL Additional Path
It could be beneficial to provide additional path information detected by NW (Reception Points, gNB, gNB-DU etc) as part of UL RTOA and/or gNB RxTx. Both these are based on UL SRS reception but corresponds to different timing reference.
a) shall the LTE additional path report format act as baseline for additional path reporting in NR for UL measurements?
b) shall additional paths be reported per resource of RTOA? Per resource of gNB RxTx?
c) shall the additional path report format be configurable to allow adaption to different scenarios and use cases?



Question 3: Companies are requested to express their view on supporting UL additional path reporting.

	Company
	Comments

	Huawei/HiSilicon
	We are in general supportive of reporting additional path measurements from gNB. Similar comments to the UE side.
Moreover, combining DL and UL measurements would help LMF track the path association to validate the path

	CATT
	We are fine to include report UL timing-related measurements for additional paths in NR.

	Nokia
	We also support gNB reporting of UL timing-related measurements for additional paths in NR.

	Ericsson
	We also support gNB reporting of additional path timing measurements.




Similar to question 2, should Signal Strength and/or phase of the additional paths  also be reported  
Question 4: Companies are requested to express their view on providing the Signal Strength/RSRP and/or phase per each additional path in UL


	Company
	Comments

	Huawei/HiSilicon
	We are OK to include the “signal strength” for a path reported by gNB. Similar comments to the UE side.

	CATT
	This is not supported in LTE and there is no evaluation result from RAN1. We suggest it would be discussed in Rel-17.

	Nokia
	In Rel-16 we can just support gNB reporting of UL timing-related measurements for additional paths in NR. Additional measurements can be considered in a future release.

	Ericsson
	See comment about DL paths



[bookmark: _Toc20921417]	
Question 5: Companies are requested to express their view on any other comments for the additional path reporting.


	Company
	Comments

	Huawei/HiSilicon
	We think the same mechanism of reporting differential timing measurement of additional paths can be extended to RSRP measurement when there are multiple RSRP measurements. Namely for both timing and RSRP measurement pertaining to a TRP, only single reference value is reported, and all additional measurements are reported by differential values with respect to the reference.
For timing, we propose the differential range to be [-5us, +5us] with same quantization step as RSTD and UE-RxTxDiff..
For RSRP, we propose to use 5 bit to quantize the differential range of {0,1,…,30,>=31} dB.

	CATT
	The enhancement proposals can be discussed in Rel-17 by RAN1 at first.

	MediaTek
	Agree with Huawei’s comment on differential reporting.  We assume for the timing measurements, if we keep the same quantisation as the absolute measurements, it’s clear that there would be no sacrifice in accuracy, while for RSRP, we think it should be possible to go further and quantise to steps of 2 dB (aligning with the Rel-15 differential RSRP definition) without impairing the accuracy.

	
	



	

[bookmark: _Toc20921428]3		Conclusion
From the provided input, we have the following summary of the comments:
· All companies that have provided comments are positive to support timing-based additional path DL-PRS reporting similar to LTE 
· All companies that have provided comments are positive to consider signal strength information per path with all companies in favour of studying this further in Rel. 17. One company (Ericsson) thinks it would be relevant with a simple strongest path indication in Rel. 16 since significant improvements can be observed in one simulated scenario.
· All companies that have provided comments are positive to support timing-based additional path in the uplink reporting 
· All companies that have provided comments are positive to consider signal strength information per path with all companies in favour of studying this further in Rel. 17.

[bookmark: _Toc7707499]Based on the discussion in section 2, the following is proposed: 
Proposal 1	Add support for timing-based additional path reporting to LPP, similar to LTE. FFS if strongest path indication among reported can be considered. 
Proposal 2	Recommend RAN3 to support timing-based additional path reporting in NRPPa.
Proposal 3	Further investigate enriched additional path reporting in Rel. 17

4		References
R1- 1909426 UE and gNB measurements for NR positioning, Ericsson
R1-167663 Multipath RSTD reporting per cell for enhanced indoor positioning, Ericsson
Appendix A	Text Proposal for 37.355
This is only for placing the Additional Path reporting for NR into a context. The LPP structure are separate email discussions.
-- 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-AdditionalPathList-r16 ::= SEQUENCE (SIZE(1..nrMaxAddPaths-r14)) OF NR-AdditionalPath-r16

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 

nrMaxAddPaths		  INTEGER ::= [3]	-- Max additional paths	Comment by Ericsson: FFS

-- ASN1STOP
 
[…]
–	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.







Appendix B Evaluation of Strongest first path indication
As an example, we have simulated the agreed IOO scenario with the modification of the addition of a 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 receiver, that always will pick the LoS paths
· 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 of a simple indication of the strongest path.
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