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1	Introduction
[bookmark: _Ref178064866]In this paper, we discuss high accuracy aspects in terms of positioning enhancements related to timing errors, UE-based DL-AoD, implementation of LoS/NLoS indications on par with RAN1 agreements and remaining aspects of On-Demand PRS

2	Discussions
2.1	Margin Configuration
RAN4 is discussing to configure the margin parameter so that UE/TRPs can form the TEG association with the receiving/transmitting resources efficiently. In order to do so; LMF may provide the margin parameter to the UE/TRP.
Based upon RAN4#101 agreements on TEG area, there is FFS for RAN2.

	· A single timing error margin is associated with each Rx TEG 
· FFS if same or different margins are used for measurements with different time stamps
· FFS: whether the timing error margin is the same or not for all Rx TEGs if UE/TRP has multiple TEGs.
· The values of timing error margins associated with UE/TRP Tx TEGs need to be defined in RAN4. 
· The values of timing error margins associated with UE/TRP RxTx TEGs need to be defined in RAN4. 
· FFS whether to reuse the values of UE/TRP Rx TEG for UE/TRP Tx TEGs  and UE/TRP RxTx TEGs.
· RAN4 define the possible timing error margin(s) in TS 38.133.
· FFS whether NW can configure requested margins to UE/TRP based on demand (RAN2).
· FFS whether UE/TRP need to report used margins to NW based on implementation (RAN2). 




One possibility to configure such margin parameters is when providing AD:

-- ASN1START

NR-Multi-RTT-ProvideAssistanceData-r16 ::= SEQUENCE {
	nr-DL-PRS-AssistanceData-r16			NR-DL-PRS-AssistanceData-r16	OPTIONAL,	-- Need ON
	nr-SelectedDL-PRS-IndexList-r16			NR-SelectedDL-PRS-IndexList-r16 OPTIONAL,	-- Need ON
	nr-Multi-RTT-Error-r16					NR-Multi-RTT-Error-r16			OPTIONAL,	-- Need ON
	...,
	[[
	ue-rx-MarginForIncrementingTimingErrorGroup-r17  ENUMERATED { ns0dot25,ns0dot50,ns0dot75,ns1,  														ns5, ns10, ns50, ns100}	OPTIONAL,	-- Need ON

	ue-tx-MarginForIncrementingTimingErrorGroup-r17  ENUMERATED { ns0dot25,ns0dot50,ns0dot75,ns1,  														ns5, ns10, ns50, ns100}	OPTIONAL,	-- Need ON
	]]

}

The values are FFS and RAN4 provides to RAN2
-- ASN1STOP

[bookmark: _Toc95767774]NW provides the margin value for TEG association with transmitting/receiving resources

2.2	Relative Beam Gains for UE-based DL-AoD
The draft CR [2] provides signalling design for providing relative beam gains to enable UE-based DL-AoD based on RAN1 agreements. As pointed out earlier in the discussion, as well as during the discussion associated to the Rel 16 AD to support UE-based Rel 16 DL-AoD, it is important to address and analyze AD costs. During the Rel 16 work, the notion of associated TRP was introduced to avoid repetition of information that is the same. It is important to consider he same notion also in the Rel 17 enhancements.
[bookmark: _Toc95767775]Use associated TRP ID in the assistance data for Rel 17 UEB DL-AoD in a similar manner as in the assistance data for Rel 16 UEB DL-AoD
The draft CR [2] representation of the IE NR-TRP-BeamAntennaInfo can be more efficient per antenna as well, and it should be flexible to support different azimuth/elevation resolutions as has been discussed in RAN1.
[bookmark: _Toc95767776]Support different azimuth and elevation resolutions for the TRP beam antenna information in accordance with the RAN1 discussion
[bookmark: _Toc95767777]Agree to the text proposal for TRP beam antenna information representation in Appendix A.1
2.3	On Multipath/NLOS mitigation
The RAN1 parameter list [1] provides the following information about what needs to be reported by the UE:
	This parameter is used for UE to report LoS/NLoS information for UE measurements (including RSTD, RSRP and UE Rx-Tx time difference) from UE to LMF. The values correspond to the likelihood of LoS, with a value of 1 corresponding to LoS and a value of 0 corresponding to NLoS.



Since the additional path measurements are also part of the RSTD and UE Rx-Tx measurements, the LoS/NLoS information should also be included as part of the UE reporting, which it currently is not in the CR [2].
[bookmark: _Toc95767778]Add support for LoS/NLoS indications to RSTD and UE Rx-Tx additional path UE reporting to implement RAN1 agreements [1]
[bookmark: _Toc95767779]Agree to the text proposal for additional path LoS/NLoS indication representation in Appendix A.2
2.4	On Demand PRS
Since UE can request explicit on-demand PRS configuration, it is reasonable for the NW to indicate the on-demand PRS parameters (and the corresponding value ranges for each parameter) to the UE via LPP the ProvideAssistanceData message or via posSI, so that UE can adjust such parameters in the explicit request accordingly to increase probability of the explicit requested to be accepted. 
Besides, when LMF detects certain on-demand PRS parameters/characteristics can be tuned, it may take time or it may not have enough knowledge to compute a good predefined on-demand PRS configuration. In this way, provide the information of the configurable on-demand PRS parameter set indication is an efficient and flexible way to implement on-demand PRS configuration and good complementary to the predefined PRS configuration.  
NR-On-Demand-DL-PRS-Indications
The IE NR-On-Demand-DL-PRS-Indications provides a set of possible DL-PRS parameters (and corresponding value range) which is indicated from LMF to UE, and UE can take this as reference when requesting explicit on-demand configuration via the NR-On-Demand-DL-PRS-Information IE.
-- ASN1START

NR-ODPRS-Configuration-r17 ::= SEQUENCE {
	
	odprs-ResourceBandwidth-r17			SEQUENCE (SIZE (1..nrMaxBandwidth)) OF INTEGER (1..63)																			OPTIONAL,
	odprs-ResourceSetPeriodicityList-r17	SEQUENCE (SIZE (1..nrMaxPeriodicty)) OF
											NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset-r16 	onprs-CombList-r17						SEQUENCE (SIZE (1..nrMaxCombPattern)) OF
											dl-prs-CombSizeN-r16 OPTIONAL,							...

}




Indicating explicit configurable on-demand PRS configuration from NW also change/modify the On-Demand PRS transmission procedures with changes marked in yellow. 
 


Figure 7.x.2-1: Procedures to support On-Demand PRS transmission [1].
0.	The LMF may receive information on the possible On-Demand PRS configurations that the gNB can support during the TRP Configuration Information Exchange procedure.
1.	In case of UE-initiated On-demand PRS, the LMF may configure the UE with pre-defined PRS configurations and/or indicate PRS parameters (together with value range) that can be explicitly requested via LPP Provide Assistance Data message or via posSI.
2a.	In case of UE-initiated On-Demand PRS, the UE sends an On-Demand PRS request to the LMF via LPP Request Assistance Data message if the UE has pre-defined PRS configurations or configurable on-demand PRS parameter indication. The On-Demand PRS request may be a request for PRS transmission or change to the PRS transmission characteristics for positioning measurements.
2b.	In case of LMF-initiated On-Demand PRS or UE-initiated On-Demand PRS, the LMF may obtain measurements from the UE using some existing positioning methods to assist step 3 e.g., the LMF may obtain SSB/CSI-RS RSRP measurements (NR-ECID) or DL-PRS RSRP measurements (DL-AoD).
3.	The LMF determines the need for PRS transmission or change to PRS transmission characteristics. 
4.	The LMF requests the serving and non-serving gNBs/TRPs for new PRS transmission or PRS transmission with changes to the PRS configuration via NRPPa PRS CONFIGURATION REQUEST message.
5.	The gNBs/TRPs provide the PRS transmission update in the NRPPa PRS CONFIGURATION RESPONSE message accordingly .
6.	LMF provides the updated PRS configuration used for PRS transmission via LPP Provide Assistance Data message or posSI  to the UE.
NOTE 1:	It is up to Network (LMF) implementation on the steps to follow (accept/reject/ignore) on receiving UE-initiated On-Demand PRS request.
NOTE 2:	It is up to Network (TRP) implementation on the steps to follow (accept/reject/ignore) on receiving LMF-initiated On-Demand PRS requests.
Editor's Note:	Depending upon RAN3 input, the above description may need to be updated especially for NRPPa procedure, e.g. the name of the message, exchange between RAN and LMF on allowed PRS configuration, etc.
[bookmark: _Toc71582599][bookmark: _Toc95309397][bookmark: _Toc95767780]LMF indicates indicate explicit on-demand PRS parameters (and the corresponding value ranges for each parameter) to the UE.

Conclusion

Based on the discussion in the previous sections we propose the following:
Proposal 1	NW provides the margin value for TEG association with transmitting/receiving resources
Proposal 2	Use associated TRP ID in the assistance data for Rel 17 UEB DL-AoD in a similar manner as in the assistance data for Rel 16 UEB DL-AoD
Proposal 3	Support different azimuth and elevation resolutions for the TRP beam antenna information in accordance with the RAN1 discussion
Proposal 4	Agree to the text proposal for TRP beam antenna information representation in Appendix A.1
Proposal 5	Add support for LoS/NLoS indications to RSTD and UE Rx-Tx additional path UE reporting to implement RAN1 agreements [1]
Proposal 6	Agree to the text proposal for additional path LoS/NLoS indication representation in Appendix A.2
Proposal 7	LMF indicates indicate explicit on-demand PRS parameters (and the corresponding value ranges for each parameter) to the UE.
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Appendix A.1	Text proposals to TR 37.355 (Running CR [2])
A.1 TP on TRP beam antenna information representation

–	NR-TRP-BeamAntennaInfo
The IE NR-TRP-BeamAntennaInfo is used by the location server to provide beam antenna information of the TRP.
-- ASN1START

NR-TRP-BeamAntennaInfo-r17 ::= SEQUENCE (SIZE (1..nrMaxFreqLayers-r16)) OF
															NR-TRP-BeamAntennaInfoPerFreqLayer-r17

NR-TRP-BeamAntennaInfoPerFreqLayer-r17 ::= SEQUENCE (SIZE (1..nrMaxTRPsPerFreq-r16)) OF
																NR-TRP-BeamAntennaInfoPerTRP-r17

NR-TRP-BeamAntennaInfoPerTRP-r17 ::= SEQUENCE {
	dl-PRS-ID-r17						INTEGER (0..255),
	nr-PhysCellID-r17					NR-PhysCellID-r16					OPTIONAL,	-- Need ON
	nr-CellGlobalID-r17					NCGI-r15							OPTIONAL,	-- Need ON
	nr-ARFCN-r17						ARFCN-ValueNR-r15					OPTIONAL,	-- Need ON
	associated-DL-PRS-ID-r16			INTEGER (0..255)					OPTIONAL,
	lcs-GCS-TranslationParameter-r17	LCS-GCS-TranslationParameter-r16	OPTIONAL,	-- Need OP
	dl-PRS-RelativeBeamGains-r17		DL-PRS-RelativeBeamGains-r17,	Comment by Ericsson: This is more consistent naming in line with the existing DL-PRS-BeamInfoSet-r16
	
	...
}

DL-PRS-RelativeBeamGains-r17 ::= SEQUENCE {
	dl-PRS-RefAzimuth-r17				INTEGER (0..359),			OPTIONAL,   -- Need OP	Comment by Ericsson: With a reference angle of the panel, representing the antenna center, the representation can be made compact
	dl-PRS-RefAzimuth-fine-r17			INTEGER (0..9)				OPTIONAL,	-- Need OP
	dl-PRS-RefElevation-r17				INTEGER (0..180)			OPTIONAL,	-- Need OP
	dl-PRS-RefElevation-fine-r17		INTEGER (0..9)				OPTIONAL,	-- Need OP
	numberOfStepsAzimuth-r17			INTEGER (0..300),			OPTIONAL.	-- Need OP	Comment by Ericsson: Different resolutions, in line with RAN1 discussion that a fine grid is not necessarily needed in case of smooth antenna patterns
	numberOfStepsElevation-r17			INTEGER (0..300), 			OPTIONAL.	-- Need OP
	stepOfAzimuth-r16					ENUMERATED {d01, d02, d05, d1, d2, d3, d4, d5},
																	OPTIONAL,	-- Need OP
	stepOfElevation-r16					ENUMERATED {d01, d02, d05, d1, d2, d3, d4, d5},
																	OPTIONAL,	-- Need OP
	dl-PRS-RelativeBeamGainsList-r17	SEQUENCE (SIZE (1..maxNoOfRelativeBeamGains-r17)) OF DL-PRS-RelativeBeamGainsPerAngle-r17,
	...
}

DL-PRS-RelativeBeamGainsPerAngle-r17 ::= SEQUENCE {
	dl-PRS-ReferenceResourceID-r17			NR-DL-PRS-ResourceID-r16,
	dl-PRS-ReferenceResourceSetID-r17		NR-DL-PRS-ResourceSetID-r16,
	dl-PRS-RelativeBeamGainPerAngleList-r17 	
		SEQUENCE (SIZE (1..maxNoOfRelativeBeamGainsPerAngle-r17)) OF 
		DL-PRS-RelativeBeamGainsPerAngleElement-r17
}

DL-PRS-RelativeBeamGainsPerAngleElement-r17 ::= SEQUENCE {
	dl-PRS-ResourceID-r17					NR-DL-PRS-ResourceID-r16,
	dl-PRS-ResourceSetID-r17				NR-DL-PRS-ResourceSetID-r16,
	nr-DL-PRS-BeamGainDiff-r17				INTEGER (0..30),	Comment by Ericsson: This is reusing the UE reporting granularity of 1 dB for relative gains. Could be finer. Could also have a narrower dynamic range. 20 dB is probably enough ec
	...
}



	Comment by Ericsson: No need to represent every angle in the array – better to represent a uniform array with a center angle – much more efficient.





















-- ASN1STOP

	

	


	


	


	


	


	


	





	




	





	




	



	


	


	





	NR-DL-PRS-Beam-Info field descriptions

	dl-PRS-ID
This field is used along with a DL-PRS Resource Set ID and a DL-PRS Resources ID to uniquely identify a DL-PRS Resource. This ID can be associated with multiple DL-PRS Resource Sets associated with a single TRP.
Each TRP should only be associated with one such ID.

	nr-PhysCellID
This field specifies the physical cell identity of the associated TRP, as defined in TS 38.331 [35].

	nr-CellGlobalID
This field specifies the NCGI, the globally unique identity of a cell in NR, of the associated TRP, as defined in TS 38.331 [35]. The server should include this field if it considers that it is needed to resolve ambiguity in the TRP indicated by nr-PhysCellID.

	nr-ARFCN
This field specifies the NR-ARFCN of the TRP.

	associated-DL-PRS-ID
This field specifies the dl-PRS-ID of the associated TRP from which the beam information is adopted. The beam information from the associated TRP is considered to be in GCS if the lcs-gcs-translation-parameter field is not provided, and to be in LCS if the lcs-gcs-translation-parameter field is provided. If the field is omitted, the beam information is provided via the dl-PRS-RelativeBeamGains field.

	lcs-GCS-TranslationParameter
This field provides the angles α (bearing angle), β (downtilt angle) and γ (slant angle) for the translation of a Local Coordinate System (LCS) to a Global Coordinate System (GCS) as defined in TR 38.901 [44]. If this field is absent, the dl-PRS-Azimuth and dl-PRS-Elevation are provided in a GCS.

	dl-PRS-RelativeBeamGains
This field provides the relative beam gain information for the beams of a DL PRS resource set The relative beam gain information is provided in LCS if the field 
This field provides the angles α (bearing angle), β (downtilt angle) and γ (slant angle) for the translation of a Local Coordinate System (LCS) to a Global Coordinate System (GCS) as defined in TR 38.901 [44]. If this field is absent, the dl-PRS-Azimuth and dl-PRS-Elevation are provided in a GCS.

	dl-PRS-RefAzimuth
This field specifies the reference azimuth angle of the relative beam gain grid. It is measured counter-clockwise from geographical North in a Global Coordinate System (GCS). This field is not present if the reference azimuth angle is in LCS, in which case the reference azimuth angle is equal to 0.
Scale factor 1 degree; range 0 to 359 degrees.

	dl-PRS-RefAzimuth-fine
This field provides finer granularity for the dl-PRS-RefAzimuth.
The total reference azimuth angle of the relative beam gain grid is given by dl-PRS-RefAzimuth + dl-PRS-RefAzimuth-fine.
Scale factor 0.1 degrees; range 0 to 0.9 degrees.

	dl-PRS-RefElevation
This field specifies the reference elevation angle of the relative beam gain grid. It is measured relative to zenith and positive to the horizontal direction (elevation 0 deg. points to zenith, 90 deg to the horizon) in a Global Coordinate System (GCS). This field is not present if the reference elevation angle is in LCS, in which case the reference elevation angle is equal to 90.
Scale factor 1 degree; range 0 to 180 degrees.

	dl-PRS-RefElevation-fine
This field provides finer granularity for the dl-PRS-RefElevation.
The total reference elevation angle of the relative beam gain grid is given by dl-PRS-RefElevation + dl-PRS-RefElevation-fine.
Scale factor 0.1 degrees; range 0 to 0.9 degrees.

	numberOfStepsAzimuth
This field specifies the number of steps in the relative beam gain grid relative to the reference azimuth angle in both negative and positive azimuth directions.  

	numberOfStepsElevation
This field specifies the number of steps in the relative beam gain grid relative to the reference elevation angle in both negative and positive elevation directions.  

	stepOfAzimuth
This field specifies the relative beam gain grid resolution in the azimuth direction. Enumerated values d01, d02, d05, d1, d2, d3, d4, d5 correspond to 0.1, 0.2, 0.5, 1, 2, 3, 4, 5 degrees resolution respectively. 

	stepOfElevation
This field specifies the relative beam gain grid resolution in the elevation direction. Enumerated values d01, d02, d05, d1, d2, d3, d4, d5 correspond to 0.1, 0.2, 0.5, 1, 2, 3, 4, 5 degrees resolution respectively.

	dl-PRS-RelativeBeamGainsList
This field provides the relative beam gain information as a list of elements, each corresponding to a grid points in the azimuth/elevation domain. 
The first 2*numberofStepsAzimuth+1 elements in the list corresponds to the elevation angle equal to the reference elevation angle – numberOfStepsElevation*stepOfElevation, and the azimuth angles from the reference azimuth angle – numberOfStepsAzimuth*stepOfAzimuth to the reference azimuth angle + numberOfStepsAzimuth*stepOfAzimuth. The next 2*numberofStepsAzimuth+1 elements in the list corresponds to the same set of azimuth angles, but the elevation angle equal to reference elevation angle – (numberOfStepsElevation-1)*stepOfElevation  etc.

	dl-PRS-ReferenceResourceID
This field provides the DL-PRS resource ID of the strongest resource of this relative beam gain grid point. 

	dl-PRS-ReferenceResourceSetID
This field provides the DL-PRS resource set ID of the strongest resource of this relative beam gain grid point.

	nr-DL-PRS-BeamGainDiff
This field provides the relative beam gain of this DL-PRS resource in relation to the reference DL-PRS resource of this relative beam gain grid point. The field encoding is the same as the encoding of the field nr-DL-PRS-RSRP-ResultDiff in the IE NR-DL-AoD-SignalMeasurementInformation with a mapping defined in TS 38.133 [46]. (FFS)




A.2 TP on Additional path LoS/NLoS indication representation
[bookmark: _Toc46486418][bookmark: _Toc52546763][bookmark: _Toc52547293][bookmark: _Toc52547823][bookmark: _Toc52548353][bookmark: _Toc90719599]–	NR-AdditionalPathList
The IE NR-AdditionalPathList 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-AdditionalPathList-r16 ::= SEQUENCE (SIZE(1..2)) OF NR-AdditionalPath-r16

NR-AdditionalPathListExt-r17 ::= SEQUENCE (SIZE(1..8)) OF NR-AdditionalPath-r16

NR-AdditionalPath-r16 ::= SEQUENCE {
	nr-RelativeTimeDifference-r16	CHOICE {
				k0-r16					INTEGER(0..16351),
				k1-r16					INTEGER(0..8176),
				k2-r16					INTEGER(0..4088),
				k3-r16					INTEGER(0..2044),
				k4-r16					INTEGER(0..1022),
				k5-r16					INTEGER(0..511),
				...
	},
	nr-PathQuality-r16				NR-TimingQuality-r16					OPTIONAL,
	...,
	[[
	nr-DL-PRS-RSRPP-r17				INTEGER (0..FFS)						OPTIONAL,
	nr-los-nlos-Indicator-r17		LOS-NLOS-Indicator-r17					OPTIONAL
	]]
}

-- ASN1STOP

	NR-AdditionalPathListfield descriptions

	nr-RelativeTimeDifference
This field specifies the additional detected path timing relative to the detected path timing of the reference resource. The mapping of reported values and measured quantity value is defined in TS 38.133 [46] clause 10.1.23.3.3 and 10.1.25.3.3. 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-PathQuality
This field specifies the target device′s best estimate of the quality of the detected timing of the additional path.

	nr-DL-PRS-RSRPP
This field specifies the DL PRS reference signal received path power (DL PRS-RSRPP) of the NR-AdditionalPath reported, as defined in TS 38.215 [36]. The mapping of the quantity is defined as in TS 38.133 [46].

	nr-los-nlos-Indicator
This field specifies the target device's best estimate of the LOS or NLOS of the TOA measurement of the specific path.
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