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1. Introduction
During the NR ePositioning WI, RAN1 has reached multiple progress on accuracy enhancement [1], while there are some remaining issues or signaling/procedures that need to be addressed in RAN2. In this contribution, we discuss on the potential enhancement solutions for positioning accuracy, including timing error mitigation, and DL-AoD. 

2. TEG Information 
2.1. Background
In terms of improving positioning accuracy, a critical issue is to mitigate UE Rx/Tx and/or gNB Rx/Tx timing delays [2]. Firstly, the definitions of Tx/Rx timing errors and timing error groups (TEG) were agreed to provide a common understanding for internal discussion during RAN1#104-e. Then, to mitigate UE Rx/Tx and/or gNB Rx/Tx timing errors, the potential enhancements (e.g., TEG information transfer) are discussed for UL, DL, UL+DL positioning, respectively.

	RAN1#104 Agreements:
The following definitions are used for the purpose of discussion of internal timing errors (these terms are not agreed to be included in the specifications):
· Tx timing error: From a signal transmission perspective, there will be a time delay from the time when the digital signal is generated at baseband to the time when the RF signal is transmitted from the Tx antenna. For supporting positioning, the UE/TRP may implement an internal calibration/compensation of the Tx time delay for the transmission of the DL PRS/UL SRS signals, which may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE. The compensation may also possibly consider the offset of the Tx antenna phase center to the physical antenna center. However, the calibration may not be perfect. The remaining Tx time delay after the calibration, or the uncalibrated Tx time delay is defined as Tx timing error. 
· Rx timing error: From a signal reception perspective, there will be a time delay from the time when the RF signal arrives at the Rx antenna to the time when the signal is digitized and time-stamped at the baseband. For supporting positioning, the UE/TRP may implement an internal calibration/compensation of the Rx time delay before it reports the measurements that are obtained from the DL PRS/UL SRS signals, which may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE. The compensation may also possibly consider the offset of the Rx antenna phase center to the physical antenna center. However, the calibration may not be perfect. The remaining Rx time delay after the calibration, or the uncalibrated Rx time delay is defined as Rx timing error. 
· UE Tx ‘timing error group’ (UE Tx TEG): A UE Tx TEG is associated with the transmissions of one or more UL SRS resources for the positioning purpose, which have the Tx timing errors within a certain margin.
· TRP Tx ‘timing error group’ (TRP Tx TEG): A TRP Tx TEG is associated with the transmissions of one or more DL PRS resources, which have the Tx timing errors within a certain margin.
· UE Rx ‘timing error group’ (UE Rx TEG): A UE Rx TEG is associated with one or more DL measurements, which have the Rx timing errors within a certain margin.
· TRP Rx ‘timing error group’ (TRP Rx TEG): A TRP Rx TEG is associated with one or more UL measurements, which have the Rx timing errors within a margin.
· UE RxTx ‘timing error group’ (UE RxTx TEG): A UE RxTx TEG is associated with one or more UE Rx-Tx time difference measurements, and one or more UL SRS resources for the positioning purpose, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.
· TRP RxTx ‘timing error group’ (TRP RxTx TEG): A TRP RxTx TEG is associated with one or more gNB Rx-Tx time difference measurements and one or more DL PRS resources, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.



From RAN2 perspective, we think the TEG information could have the following impact on the stage-2 specification (TS 38.305).
Generic TEG feature description in section 4.3.11, 4.3.13, 4.3.14 for Multi-RTT, DL-TDOA and UL-TDOA, respectively.
NR RRC support of Tx TEG reporting in 6.2.2.
2.2. DL-TDOA
The stage-3 LPP impact is mainly on the following aspects:
For DL-TDOA with UE-assisted positioning, the request and response for Rx TEG ID associated with the DL RSTD measurement.
· The request could also convey the indication for UE to measure the same RS with more than one Rx TEG.
· The response could extend the existing up to 4 TOA measurements per TRP (each associated with different PRS resources) to 4 TOA measurements per Rx TEG per TRP, and the total number of TOA measurements per TRP is increased to 4x8 = 32.
For DL-TDOA with UE-based positioning, the position calculation assistance data could indicate the Tx TEG information for each PRS resource.

We note that in the current LPP specification, the following restriction on the reference TRP is enforced. This restriction could be relaxed under the context of TEG reporting since the nr-RSTD-ResultDiff could serve as the additional measurement for the reference TRP associated with the “non-referenced” Rx TEG.

	NOTE 3:	The target device includes a value of zero for the nr-RSTD and nr-RSTD-ResultDiff of the "RSTD reference" TRP in nr-DL-TDOA-MeasList.



Proposal1: Capture in the LPP specification the TEG information for DL-TDOA
In IE NR-DL-TDOA-RequestLocationInformation
· Request of Rx TEG ID for the report
· The maximum number of Rx TEGs for the same PRS resource.
In IE NR-DL-TDOA-MeasElement
· Add a new field nr-DL-TDOA-AdditionalMeasurements to incorporate additional 28 measurements per TRP.
· Add a new field rxTEG-ID for the IE NR-DL-TDOA-MeasElement and NR-DL-TDOA-AdditionalMeasurementElement to represent the Rx TEG ID associated with the RSTD measurement.
When Rx TEG is requested, nr-RSTD-ResultDiff the IE NR-DL-TDOA-SignalMeasurementInformation can be non-zero for reference TRP.


Proposal2: Capture in the LPP specification the TEG information for UE-based DL-TDOA
In IE NR-RTD-Info
· Add a new field prs-TxTEG-ID-Info for the IE ReferenceTRP-RTD-Info and RTD-InfoElement to represent the association between PRS and Tx TEG.
2.3. Multi-RTT

The stage-3 LPP impact is mainly on the following aspects:
For Multi-RTT, the request and response for the Rx TEG ID or RxTx TEG ID associated with the UE Rx – Tx time difference measurements
· The request could convey the type of TEG, i.e., Rx TEG or RxTx TEG ID, subject to the UE capability.
· The request could also convey the indication for the UE to measure the RS with the more than one Rx TEG or more than one RxTx TEG with the same Tx TEG.
· The response could extend the existing up to 4 TOA measurements per TRP (each associated with different PRS resources) to 4 TOA measurement per Rx or RxTx TEG per TRP, increasing the total number of TOA measurements per TRP to 4x8 = 32.
For Multi-RTT, the request and response for the UE Tx TEG ID associated with the UE Rx – Tx time difference and associated with positioning SRS resources.
· The response could contain the Tx TEG ID associated with UE Rx – Tx time difference measurements on a per TRP basis (TRP associated information) and contain the Tx TEG ID associated with the positioning SRS resources on a per UE basis (non-TRP associated information) as shown in Figure 2.2‑1.
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Figure 2.2‑1 Signaling information structure

Proposal3: Capture in the LPP specification the TEG information for Multi-RTT
In IE NR-Multi-RTT-RequestLocationInformation
· Request of Rx TEG ID or RxTx TEG ID for the report.
· Request of Tx TEG ID for the report.
· The maximum number of Rx TEGs or RxTx TEG ID for the same PRS resource.
In IE NR-Multi-RTT-MeasElement
· Add a new field nr-Multi-RTT-AdditionalMeasurements for the IE to incorporate additional 28 measurements per TRP.
· Add a new field teg-ID-Info for the IE NR-Multi-RTT-MeasElement and NR-Multi-RTT-AdditionalMeasurementElement forthe Rx TEG ID, RxTx TEG ID and Tx TEG ID associated with the UE Rx – Tx time difference measurement.
In IE NR-Multi-RTT-ProvideLocationInformation
· Add a new field srs-TxTEG-ID-Info for the association between SRS and Tx TEG.

2.4. UL-TDOA
RAN1 has reached the following agreements with respect to TEG information reporting for UL-TDOA during the WI phase:
	RAN1#107 Agreement:
Confirm and modify the working assumption with the following modifications:
· For mitigating UE Tx timing errors for UL TDOA, subject to UE’s capability, support the serving gNB to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE supports multiple UE Tx TEGs for UL TDOA.
· The serving gNB should forward the association information provided by the UE to the LMF.
· FFS: whether to support the serving gNB to forward the association information to the neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for UL TDOA to serving gNB.

Agreement
· For UL-TDOA, supporting the following for the serving gNB to request a UE to report the Tx TEG association information between UE Tx TEG IDs and SRS resources for positioning, subject to UE capability of supporting UE Tx TEG:
· Based on a configured periodicity, a UE may report the UE Tx TEG association for the SRS resources for positioning that have already been transmitted during the configured period 
· It is up to RAN2 to decide how to indicate the change of the Tx TEG association during the configured period (e.g., using the timestamps)
· It is up to RAN4 to decide when the Tx TEG association is changed
· The values of the configurable periodicities are up to RAN2
· Note: Tx TEG association information reporting by single request/response mode is assumed already supported with the previous agreement. 




Observing the above agreements, we can find that two reporting modes are supported for UE Tx TEG information reporting for UL-TDOA:
Observation 1: For mitigating UE Tx timing errors for UL TDOA, the following two reporting modes are supported:
· One-shot Tx TEG information reporting: UE to report the association of posSRS with Tx TEGs to the serving gNB, if requested by the serving gNB.
· Periodical Tx TEG information reporting: Based on a configured periodicity, UE to report different UE Tx TEG associations for posSRS during the configured period.

gNB
UE
RRCReconfiguration
(Request of SRS-Tx TEG information)
UL RRC message for one-shot reporting
(Provide SRS-TxTEG info., TxTEG-ID, positioning SRS resource ID list, time stamp)
UL RRC message for periodical reporting
LMF
POSITIONING INFORMATION REQUEST
POSITIONING INFORMATION RESPONSE
POSITIONING INFORMATION UPDATE
(Provide SRS-TxTEG info., TxTEG-ID, positioning SRS resource ID list, time stamp)
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Figure 2.3‑1 depicts the UE Tx TEG transfer for UL-TDOA positioning, where the following two reporting modes are supported:
· For the one-short reporting mode, we think the serving gNB can request a UE to provide the UE Tx TEG information by RRCReconfiguration and UE reports through RRCReconfigurationComplete, since a change of posSRS and Tx TEG can potentially result from a SRS reconfiguration. The report can include the Tx TEG-ID, positioning SRS resource ID list, time stamp. Providing the association in RRCReconfigurationComplete would work if the association between SRS and Tx TEG does not change over time. If UE is not able to determine the association by the time of generating the RRCReconfigurationComplete message, UE may indicate that the association is not determined and provide it later in a later UEAssistanceInformation message.
· For periodical reporting mode, since there is no suitable message in current spec., we believe a new RRC message should be defined, which can also include the Tx TEG-ID, positioning SRS resource ID list, time stamp.

So we have the following proposals:
Proposal4: Support gNB request UE to provide Tx TEG information by RRCReconfiguration.
UE may report the association through RRCReconfigurationComplete, if the association between SRS and Tx TEG does not change over time, or 
UE may indicate it being not able to determine the association through RRCReconfigurationComplete, and provide the association in UEAssistanceInformation

Proposal5: Support Periodic UE Tx TEG reporting by introducing a new RRC message, e.g., UEPeriodicAssitanceInformation.

3. Batch measurement reporting
RAN1 has reached on the following agreements for batch measurement reporting for both PRS measurement at the UE and SRS measurement at the gNB.

	RAN1#104 Agreements:
Support enabling
· A UE to report one or more measurement instances (of RSTD, DL RSRP, and/or UE Rx-Tx time difference measurements) in a single measurement report to LMF for UE-assisted positioning, and 
· A TRP to report one or more measurement instances (of RTOA, UL RSRP, and/or gNB Rx-Tx time difference measurements) in a single measurement report to LMF, and
· Each measurement instance is reported with its own timestamp
RAN1#106 Agreements:
Consider the following options (both could be selected) until RAN1#106b-e
· Option 1: Support LMF to optionally indicate the measurement time window (MTW) for a UE for the measurement instances included in a measurement report. 
· Option 2: Support LMF to optionally indicate the measurement time window for a gNB for the measurement instances included in a measurement report.
· FFS: the details of the MTW configuration.
· Any requirements can be discussed by RAN4 after decision on the options is made.



The motivation for introducing batch measurement reporting is to mitigate the UE Tx timing jittering, e.g., due to timing advance inaccuracies that is different from the understanding of the gNB. For UE measurement of PRS (i.e., RSTD, DL-RSRP, and UE Rx-Tx time difference), when the LMF requests a certain number of measurements within the MTW (measurement time window), the UE needs to reply with the number of requested measurements, but how the measurement samples are consolidated to measurement is up to the UE’s implementation.
 LMF
UE
LPP RequestLocationInformation
LPP ProvideLocationInformation
(Batch reporting with multiple measurement instances)
(Request of batch reporting for PRS measurement, optionally maximum measurement instances in each report, report duration)
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Figure 3.2‑1 depicts the batch reporting procedure for PRS measurement at UE. To enable the batch reporting for UE, we have the following proposal.
Proposal6: Support batch reporting for PRS measurement by LPP location information transfer.
Support the request of batch reporting for PRS measurement through LPP RequestLocationInformation, which may optionally include maximum measurement instances in each report, report duration and/or start and end time of reporting
Support the report of batch reporting by adding a new field nr-XXX-SignalMeasurementInformationAdditional in NR-XXX-ProvideLocationInformation, where XXX can be DL-TDOA, DL-AoD, or Multi-RTT

4. Timing error mitigation by PRU
4.1. Background
RAN1 has reached the following agreement during #105 meeting:
	RAN1#105 Agreement:
Send an LS to RAN2/RAN3 (cc SA2), including the following content:
· RAN1 has evaluated the use of positioning reference units (PRUs) with known locations for positioning and observes improvements in using PRUs for enhancing the positioning performance. But, RAN1 has not identified specification enhancements needed in RAN1 specifications. RAN1 kindly requests RAN2/RAN3 (cc SA2) to determine if and what specification enhancements are adopted for PRUs for positioning.
· Notes: 
· The term “positioning reference unit (PRU)” is only used as a terminology in this discussion.  PRU does not necessarily mean an introduction of a new network node.
· PRU may support, at least, some of the Rel-16 positioning functionalities of UE, if agreed, which is up to RAN2.  The positioning functionalities may include, but not limited to, the following:
· Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences)
· Transmit the UL SRS signals for positioning
· PRU may be requested by the LMF to provide its own known location coordinate information to the LMF. If the antenna orientation information of the PRU is known, the information may also be requested by the LMF.




There were some discussions on PRU in RAN2 #116e meeting and following agreements were made:
	Agreement:
Proposal 3:	RAN2 confirm that the PRU considered as a UE supports the normal LPP procedures for PRU capability transfer.

Proposal 1 (modified):	RAN2 confirms that a PRU can support at least the following functionality (as described in the RAN1 LS), dependent on PRU capability:
- Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences) to an LMF.
- Transmit the UL SRS signals for positioning.
- FFS known location information and antenna orientation information



The following sub-clauses discuss the remaining issues for the support of the PRU. 
4.2. Timing calibration AD delivery
The PRU can be considered as a UE with known location. Therefore, LMF can determine the “correction information” based on the PRU measurements for timing calibration between TRPs. It was discussed whether and how to provide the “correction information” to the target UEs for UE-based mode of operation in the last RAN2 meeting. From our perspective, the current LPP can support this procedure and no specification change is needed. 

In the TS 37.355, the following IEs can be found:
	[bookmark: _Toc46486427][bookmark: _Toc52546772][bookmark: _Toc52547302][bookmark: _Toc52547832][bookmark: _Toc52548362][bookmark: _Toc83656226]–	NR-PositionCalculationAssistance
The IE NR-PositionCalculationAssistance is used by the location server to provide assistance data to enable UE‑based downlink positioning.
-- ASN1START

NR-PositionCalculationAssistance-r16 ::= SEQUENCE {
	nr-TRP-LocationInfo-r16 		NR-TRP-LocationInfo-r16				OPTIONAL,	-- Need ON
	nr-DL-PRS-BeamInfo-r16			NR-DL-PRS-BeamInfo-r16				OPTIONAL,	-- Need ON
	nr-RTD-Info-r16					NR-RTD-Info-r16						OPTIONAL,	-- Need ON
	...
}
-- ASN1STOP

[bookmark: _Toc46486428][bookmark: _Toc52546773][bookmark: _Toc52547303][bookmark: _Toc52547833][bookmark: _Toc52548363][bookmark: _Toc83656227]–	NR-RTD-Info
The IE NR-RTD-Info is used by the location server to provide time synchronization information between a reference TRP and a list of neighbour TRPs.
-- ASN1START

NR-RTD-Info-r16 ::= SEQUENCE {
	referenceTRP-RTD-Info-r16		ReferenceTRP-RTD-Info-r16,
	rtd-InfoList-r16				RTD-InfoList-r16,
	...
}

ReferenceTRP-RTD-Info-r16 ::= SEQUENCE {
	dl-PRS-ID-Ref-r16				INTEGER (0..255),
	nr-PhysCellID-Ref-r16			NR-PhysCellID-r16		OPTIONAL,	-- Need ON
	nr-CellGlobalID-Ref-r16			NCGI-r15				OPTIONAL,	-- Need ON
	nr-ARFCN-Ref-r16				ARFCN-ValueNR-r15		OPTIONAL,	-- Need ON
	refTime-r16						CHOICE {
			systemFrameNumber-r16		BIT STRING (SIZE (10)),
			utc-r16						UTCTime,
			...
	},
	rtd-RefQuality-r16				NR-TimingQuality-r16	OPTIONAL,	-- Need ON
	...
}

RTD-InfoList-r16 ::= SEQUENCE (SIZE (1..nrMaxFreqLayers-r16)) OF RTD-InfoListPerFreqLayer-r16

RTD-InfoListPerFreqLayer-r16 ::= SEQUENCE (SIZE(1..nrMaxTRPsPerFreq-r16)) OF RTD-InfoElement-r16

RTD-InfoElement-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-PhysCellID-r16				NR-PhysCellID-r16		OPTIONAL,	-- Need ON
	nr-CellGlobalID-r16				NCGI-r15				OPTIONAL,	-- Need ON
	nr-ARFCN-r16					ARFCN-ValueNR-r15		OPTIONAL,	-- Need ON
	subframeOffset-r16				INTEGER (0..1966079),
	rtd-Quality-r16					NR-TimingQuality-r16,
	...
}

-- ASN1STOP




In current specification, NR-RTD-Info IE is included in the Provide Assistance Data message for UE-based positioning. This IE provides the timing synchronization information between the reference TRP and the neighbor TRPs. The purpose of PRU is to mitigate timing error. Therefore, the correction information obtained from PRU measurements can be included in existing assistance information for UE-based positioning without specification change. 

Proposal7: Reuse the exiting IE to provide the timing calibration information to the UE for UE-based positioning.
  
4.3. Antenna Orientation Information
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The current LPP procedures can support the functions of a UE-like PRU such as the positioning measurements and assistance data. One of necessary enhancements for LPP is to support the transfer of antenna orientation information of the PRU. It is proposed to enhance the LPP Request/Provide location information message to support the transfer of PRU antenna orientation information.

Proposal8: Enhance the LPP Request/Provide location information message to support the transfer of PRU antenna orientation information.

In order to let the LMF know the UE supporting the report of antenna orientation information, the UE should provide the related capability to the LMF. Therefore, the LPP capability transfer procedure should also be enhanced.

Proposal9: Enhance the LPP capability transfer procedure to support the transfer of PRU antenna orientation information.

4.4. Location Information and Measurements
The current LPP message support the LMF to request the positioning measurements and the location coordinates (for UE-based positioning) from the UE. In order to minimize the spec impacts, the existing positioning measurements report messages can be re-used. Additionally, the locationEstimate IE is in the CommonIEsProvideLocationInformation IE, which can be used for the UE to provide the location estimates for any positioning methods. This IE can also be used for the PRUs to provide the locations.

Proposal10: Re-use the existing LPP procedure for the PRUs to provide the positioning measurements and the locations.
5. Accuracy Enhancement for DL-AoD
5.1. 	Background
There are a couple of features introduced for DL-AoD, and from stage-2 perspective, the following features could be considered.
First path RSRP reporting
In the Rel-16 spec, there is no information about the LOS/NLOS property of the measurements reported by UE for supporting DL-AoD positioning. To improve the accuracy of AoD estimation, measurements of the pure LOS paths should be reported to avoid the impact of NLOS paths. Although the first path is not necessary to be the LOS path, DL-AoD estimation based on the measurements of the first path would be improved due to decreasing the NLOS impact. In this light, RAN1#105 has agreed that UE can be requested subject to UE capability to measure and report (for UE-assisted) the PRS RSRP of the first path [1].
Advanced DL-AoD beam information
In order to provide a whole picture of the beam and describe the beam more accurately, more information is required to describe each beam. Then combined with RSRP measurement from UE, the accuracy of DL-AoD can be effectively improved. Therefore, agreements on the details of the TRP beam/antenna information for UE-based DL-AoD in RAN1#107 [1].
Adjacent beam indication via the PRS subset association
Using adjacent beams is claimed to allow UE to prioritize RSRP measurement and reporting for the PRS with adjacent beams, so that the angle calculation can be more efficient, compared with the existing method entirely based on RSRP values (from the highest to the lowest ones) [4]. RAN1#107 has agreed that adjacent beam indication can work by indicating multiple pairs of candidate “PRS Reference Resource” and associated subset of PRS resources [1].
Expected DL-AoD/AoA and expected uncertainty
The expected DL-AoA/ZoA can be beneficial to reduce to UE Rx beam sweeping and strengthen the LOS path for DL-TDOA and Multi-RTT methods, since from LMF perspective, DL-AoA/ZoA maps to the LOS direction, and UE Rx beamforming will be used to strengthen the LOS path power for a better timing based methods. Accordingly, indication of expected angle value (DL-AoD/ZoD or DL-AoA/ZoA) and its uncertainty range(s) is agreed for both UE-B and UE-A DL-AoD in RAN1#107 [1].

5.2. 	Advanced DL-AoD beam information
DL-AoD angle calculation was firstly discussed in Rel-16 in RAN3#106, and RAN1 has reached the following agreements at RAN1#107 after a long discussion during WI phase:
	RAN1#107 Agreement
From the RAN1 perspective, for the TRP beam/antenna information to be optionally provided by the LMF to the UE for UE-based DL-AoD:
· The LMF provides the quantized version of the relative Power between PRS resources per angle per TRP.
· The relative power is defined with respect to the peak power in each angle
· For each angle, at least two PRS resources are reported.
· Note: the peak power per angle is not provided
· Note: up to RAN3 to decide how the TRP beam information is provided to the LMF for both UE-assisted and UE-based
· Send an LS to RAN2/RAN3 to decide on the signaling details




We think the TRP beam/antenna information can be capsulated in the IE nr-DL-PRS-BeamInfo in NR-PositionCalculationAssistance, which is used by the location server to provide assistance data to enable UE based downlink positioning. For example, what the message contains is as shown in Table 1, which includes
· A list of angles (AoD/AoA or ZoD/ZoA or a combination of AoD/AoA and ZoD/ZoA)
· Under each angle
· A list of PRS resource IDs 
· A list of radiation power at the angle, each of which is associated with the PRS resource ID

Table 1 TRP beam/antenna information for DL-AoD
	Angle
	PRS resource ID
	Normalized radiation pattern, where  is the radiation pattern of PRS resource ID#x_y from angle#x

	Angle#0
	ID#0_0
	Normalized to 1

	
	ID#0_1
	

	
	ID#0_2
	

	
	...
	...

	Angle#1
	ID#1_0
	Normalized to 1

	
	ID#1_1
	

	
	ID#1_2
	

	
	...
	...

	...
	...
	...



To achieve this, we have the exemplary ANS.1 code to include related information in the Appendix 3. 
Proposal11: For UE-based DL-AoD, support the following TRP beam/antenna for angle calculation to be provided by LMF to UE in Appendix 3
A list of angles (AoD/AoA or ZoD/ZoA or a combination of AoD/AoA and ZoD/ZoA)
Under each angle
· A primary PRS resource ID that radiates the maximum power at the angle
· A list of radiation power differences and PRS resource IDs at the angle indicating the power differences for the target PRS resources with respect to the primary PRS resource

5.3. 	PRS subset association
RAN1 made the following agreements for indication of adjacent beams via subset association (Option 1).
	RAN1#107 Agreement
For UE-assisted DL-AOD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) reporting, the LMF may indicate in the assistance data (AD), one or both the following: 
· option 1: subject to UE capability, for each PRS resource, a subset of PRS resources for the purpose of prioritization of DL-AOD reporting:
· a UE may include the requested PRS measurement for the subset of the PRS in the DL-AoD additional measurements if the requested PRS measurement of the associated PRS is reported 
· The requested PRS measurement can be DL PRS RSRP and/or path PRS RSRP. 
· UE may report PRS measurements only for the subset of PRS resources.
· Note: The subset associated with a PRS resource can be in a same or different PRS resource set than the PRS resource 
· option 2: subject to UE capability, for each PRS resource, the boresight direction information. 
· Note: Either case does not imply any restriction on UE measurement 
· FFS: prioritization of the PRS resources and resource subsets to be measured  



The support Option 1, the assistance data could be enhanced to incorporate the subset association for each PRS. 
Proposal12: Capture in the LPP specification the subset association for each DL PRS resource
Add a field assocSubsetInfo for the IE NR-DL-PRS-Resource that includes a list of PRS resource IDs and optionally a DL PRS resource set ID.

5.4. 	Expected DL angle search window
RAN1 made the following agreements for expected DL angle search window.
	RAN1#107 Agreement
For the purpose of both UE-B and UE-A DL-AoD, and with regards to the support of AOD measurements with an expected uncertainty window, the following is supported 
· Indication of expected angle value and uncertainty (of the expected azimuth and zenith angle value) range(s) is signaled by the LMF to the UE
· The type of expected angle and uncertainty can be requested by the UE, between the following options
· Option 1: Indication of expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) range(s) is signaled by the LMF to the UE
· Option 2: Indication of expected DL-AoA/ZoA value and uncertainty (of the expected DL-AoA/ZoA value) range(s) is signaled by the LMF to the UE



The support this, the assistance data transfer procedure can be enhanced considering both the request and response.
Proposal13: Capture in the LPP specification the expected DL angle search window
NR-DL-AoD-RequestAssistanceData
· Add a new field expectedAngleSearchWindowType to indicate whether expected DL-AoD/uncertainty or expected DL-AoA/uncertainty is desired.
NR-DL-AoD-ProvideAssistanceData
· Add a pair of new fields nr-DL-PRS-ExpectedAngle and nr-DL-PRS-ExpectedAngleUncertainty for the IE NR-DL-PRS-AssistanceDataPerTRP
We think it should be good if UE could feedback the PRS is received within the angle search window or not. If so, LMF will understand the reliability of the measurement and use the feedback to improve positioning performance. For example, if it is measured from the angle search window, LMF will take it with high reliability. On the contrary, LMF may consider not using it for positioning.
Proposal14: Support UE to feedback whether the PRS is measured in the angle search window.
6. Stage2 spec
Another final aspect of this is the stage2 spec for accuracy enhancement. Since R1 has agreed to adopt these features in R17, these features should be reflected in R2 stage2 spec. We hence propose the following:

Proposal15: Capture the stage2 TP for accuracy enhancement based on TEG reporting and batch reporting in Appendix 1 and 2. 
7. Conclusion
In this contribution, we provide our opinions on the accuracy enhancement solutions in Rel-17 positioning from RAN2 perspective. Based on the discussion, we have the following observations and proposals.
· TEG Information:
Proposal1: Capture in the LPP specification the TEG information for DL-TDOA
In IE NR-DL-TDOA-RequestLocationInformation
· Request of Rx TEG ID for the report
· The maximum number of Rx TEGs for the same PRS resource.
In IE NR-DL-TDOA-MeasElement
· Add a new field nr-DL-TDOA-AdditionalMeasurements to incorporate additional 28 measurements per TRP.
· Add a new field rxTEG-ID for the IE NR-DL-TDOA-MeasElement and NR-DL-TDOA-AdditionalMeasurementElement to represent the Rx TEG ID associated with the RSTD measurement.
When Rx TEG is requested, nr-RSTD-ResultDiff the IE NR-DL-TDOA-SignalMeasurementInformation can be non-zero for reference TRP.
Proposal2: Capture in the LPP specification the TEG information for UE-based DL-TDOA
In IE NR-RTD-Info
· Add a new field prs-TxTEG-ID-Info for the IE ReferenceTRP-RTD-Info and RTD-InfoElement to represent the association between PRS and Tx TEG.
Proposal3: Capture in the LPP specification the TEG information for Multi-RTT
In IE NR-Multi-RTT-RequestLocationInformation
· Request of Rx TEG ID or RxTx TEG ID for the report.
· Request of Tx TEG ID for the report.
· The maximum number of Rx TEGs or RxTx TEG ID for the same PRS resource.
In IE NR-Multi-RTT-MeasElement
· Add a new field nr-Multi-RTT-AdditionalMeasurements for the IE to incorporate additional 28 measurements per TRP.
· Add a new field teg-ID-Info for the IE NR-Multi-RTT-MeasElement and NR-Multi-RTT-AdditionalMeasurementElement forthe Rx TEG ID, RxTx TEG ID and Tx TEG ID associated with the UE Rx – Tx time difference measurement.
In IE NR-Multi-RTT-ProvideLocationInformation
· Add a new field srs-TxTEG-ID-Info for the association between SRS and Tx TEG.
Proposal4: Support gNB request UE to provide Tx TEG information by RRCReconfiguration.
UE may report the association through RRCReconfigurationComplete, if the association between SRS and Tx TEG does not change over time, or 
UE may indicate it being not able to determine the association through RRCReconfigurationComplete, and provide the association in UEAssistanceInformation
Proposal5: Support Periodic UE Tx TEG reporting by introducing a new RRC message, e.g., UEPeriodicAssitanceInformation.

· Batch measurement reporting:
Proposal6: Support batch reporting for PRS measurement by LPP location information transfer.
Support the request of batch reporting for PRS m easurement through LPP RequestLocationInformation, which may optionally include maximum measurement instances in each report, report duration and/or start and end time of reporting
Support the report of batch reporting by adding a new field nr-XXX-SignalMeasurementInformationAdditional in NR-XXX-ProvideLocationInformation, where XXX can be DL-TDOA, DL-AoD, or Multi-RTT

· PRU:
Proposal7: Reuse the exiting IE to provide the timing calibration information to the UE for UE-based positioning.
Proposal8: Enhance the LPP Request/Provide location information message to support the transfer of PRU antenna orientation information.
Proposal9: Enhance the LPP capability transfer procedure to support the transfer of PRU antenna orientation information.
Proposal10: Re-use the existing LPP procedure for the PRUs to provide the positioning measurements and the locations.

· DL-AoD:
Proposal11: For UE-based DL-AoD, support the following TRP beam/antenna for angle calculation to be provided by LMF to UE
A list of angles (AoD/AoA or ZoD/ZoA or a combination of AoD/AoA and ZoD/ZoA)
Under each angle
· A primary PRS resource ID that radiates the maximum power at the angle
· A list of radiation power differences and PRS resource IDs at the angle indicating the power differences for the target PRS resources with respect to the primary PRS resource
Proposal12: Capture in the LPP specification the subset association for each DL PRS resource
Add a field assocSubsetInfo for the IE NR-DL-PRS-Resource that includes a list of PRS resource IDs and optionally a DL PRS resource set ID.
Proposal13: Capture in the LPP specification the expected DL angle search window
NR-DL-AoD-RequestAssistanceData
· Add a new field expectedAngleSearchWindowType to indicate whether expected DL-AoD/uncertainty or expected DL-AoA/uncertainty is desired.
NR-DL-AoD-ProvideAssistanceData
· Add a pair of new fields nr-DL-PRS-ExpectedAngle and nr-DL-PRS-ExpectedAngleUncertainty for the IE NR-DL-PRS-AssistanceDataPerTRP
Proposal14: Support UE to feedback whether the PRS is measured in the angle search window.

· Stage2:
Proposal15: Capture the stage2 TP for accuracy enhancement based on TEG reporting and batch reporting in Appendix 1 and 2. 
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9. Appendix
Appendix 1: Stage-2 TP for TEG information
[bookmark: _Toc37338102][bookmark: _Toc46488943][bookmark: _Toc52567296][bookmark: _Toc90590899]4.3.11	Multi-RTT positioning
The Multi-RTT positioning method makes use of the UE Rx-Tx time difference measurements and DL-PRS-RSRP of downlink signals received from multiple TRPs, measured by the UE and the measured gNB Rx-Tx time difference measurements and UL-SRS-RSRP at multiple TRPs of uplink signals transmitted from UE.
The UE measures the UE Rx-Tx time difference measurements (and optionally DL-PRS-RSRP of the received signals) using assistance data received from the positioning server, and the TRPs measure the gNB Rx-Tx time difference measurements (and optionally UL-SRS-RSRP of the received signals) using assistance data received from the positioning server. The measurements are used to determine the RTT at the positioning server which are used to estimate the location of the UE.
The UE and TRP may be requested to provide the Rx TEG, RxTx TEG and/or Tx TEG information for the purpose of mitigating UE/TRP Rx/Tx timing error.
The operation of the Multi-RTT positioning method is described in clause 8.10.
[bookmark: _Toc37338104][bookmark: _Toc46488945][bookmark: _Toc52567298][bookmark: _Toc90590901]4.3.13	DL-TDOA positioning
The DL-TDOA positioning method makes use of the DL RSTD (and optionally DL-PRS-RSRP) of downlink signals received from multiple TPs, at the UE. The UE measures the DL RSTD (and optionally DL-PRS-RSRP) of the received signals using assistance data received from the positioning server, and the resulting measurements are used along with other configuration information to locate the UE in relation to the neighbouring TPs.
The UE may be requested to provide the Rx TEG information for the purpose of mitigating UE Rx timing error. The TRP may be requested to provide the Tx TEG information for the purpose of mitigating TRP Tx timing error. The UE may be provided with the TRP Tx TEG information for the purpose of mitigating TRP Tx timing error for UE based DL-TDOA.
The operation of the DL-TDOA positioning method is described in clause 8.12.
[bookmark: _Toc37338105][bookmark: _Toc46488946][bookmark: _Toc52567299][bookmark: _Toc90590902]4.3.14	UL-TDOA positioning
The UL-TDOA positioning method makes use of the UL-RTOA  (and optionally UL-SRS-RSRP) at multiple RPs of uplink signals transmitted from UE. The RPs measure the UL-RTOA  (and optionally UL-SRS-RSRP) of the received signals using assistance data received from the positioning server, and the resulting measurements are used along with other configuration information to estimate the location of the UE.
The UE may be requested to provide the Tx TEG information for the purpose of mitigating UE Tx timing error. The TRP may be requested to provide the Rx TEG information for the purpose of mitigating TRP Rx timing error.
The operation of the UL-TDOA positioning method is described in clause 8.13.
[bookmark: _Toc37338130][bookmark: _Toc46488971][bookmark: _Toc52567324][bookmark: _Toc90590927]6.2.2	Radio Resource Control (RRC) for NR
The RRC protocol for NR is terminated between the gNB and the UE. It provides transport for LPP messages over the NR-Uu interface.
In addition to providing transport for LPP messages over the NR-Uu interface, it supports transfer of measurements that may be used for positioning purposes through the existing measurement systems specified in TS 38.331 [2].
The RRC protocol for NR also supports broadcasting of assistance data via positioning System Information messages.
The RRC protocol for NR is also used to configure UEs with a sounding reference signal (SRS) to support NG-RAN measurements for NR positioning.
The RRC protocol for NR is also used to convey the association information between SRS and UE Tx TEG reported by the UE.
Appendix 2: Stage-2 TP for batch reporting (multi-RTT)
[bookmark: _Toc37338357][bookmark: _Toc46489200][bookmark: _Toc52567558][bookmark: _Toc90591164]8.10.3.1.3	Location Information Transfer Procedure
The purpose of this procedure is to enable the LMF to request position measurements from the UE, or to enable the UE to provide location measurements to the LMF for position calculation.
[bookmark: _Toc37338358][bookmark: _Toc46489201][bookmark: _Toc52567559][bookmark: _Toc90591165]8.10.3.1.3.1	LMF-initiated Location Information Transfer Procedure
Figure 8.10.3.1.3.1-1 shows the Location Information Transfer operations for the Multi-RTT positioning method when the procedure is initiated by the LMF.


Figure 8.10.3.1.3.1-1: LMF-initiated Location Information Transfer Procedure
(1)	The LMF sends an LPP Request Location Information message to the UE. This request includes indication of Multi-RTT measurements requested, including any needed measurement configuration information, and required response time.
(2)	The UE obtains Multi-RTT measurements as requested in step 1. The UE then sends an LPP Provide Location Information message to the LMF, before the Response Time provided in step (1) elapsed, and includes the obtained Multi-RTT measurements. If the UE is unable to perform the requested measurements, or the Response Time elapsed before any of the requested measurements were obtained, the UE returns any information that can be provided in an LPP message of type Provide Location Information which includes a cause indication for the not provided location information.
[bookmark: _Hlk30678308][bookmark: _Toc37338359][bookmark: _Toc46489202][bookmark: _Toc52567560][bookmark: _Toc90591166]NOTE:	The obtained Multi-RTT measurements may be aggregated from multiple measurement instances.
8.10.3.1.3.2	UE-initiated Location Information Delivery procedure
Figure 8.10.3.1.3.2-1 shows the Location Information Delivery procedure operations for the Multi-RTT positioning method when the procedure is initiated by the UE.


Figure 8.10.3.1.3.2-1: UE-initiated Location Information Delivery Procedure.
(1)	The UE sends an LPP Provide Location Information message to the LMF. The Provide Location Information message may include any UE Multi-RTT measurements already available at the UE.
[bookmark: _Toc37338362][bookmark: _Toc46489205][bookmark: _Toc52567563][bookmark: _Toc90591169]NOTE:	The obtained Multi-RTT measurements may be aggregated from multiple measurement instances.
8.10.3.2.2	Location Information Transfer/Assistance Data Transfer Procedure
The purpose of this procedure is to enable the LMF to request position measurements from a gNB for position calculation of the UE and also provide necessary assistance data to the gNB.
Figure 8.10.3.2.2-1 shows the messaging between the LMF and the gNB to perform this procedure.


Figure 8.10.3.2.2-1: LMF-initiated Location Information Transfer Procedure
(1)	The LMF sends a NRPPa message to the selected gNB to request Multi-RTT measurement information. The message includes any information required for the gNB to perform the measurements as defined in Table 8.10.2.4-2.
(2)	If the report characteristics in step 1 is set to "on demand", the gNB obtains the requested Multi-RTT measurements and returns them in a Measurement Response message to the LMF. The Measurement Response message includes the obtained Multi-RTT measurements as defined in Table 8.10.2.3-3.
If the report characteristics in step 1 is set to "periodic", the gNB replies with a Measurement Response message without including any measurements in the message. The gNB then periodically initiates the Measurement Report procedure in step 3 for the Multi-RTT measurements, with the requested reporting periodicity.

If the gNB is not able to accept the Measurement Request message in step 1, the gNB returns a failure message indicating the cause of the failure.
(3)	The gNB periodically provides the Multi-RTT measurements as defined in Table 8.10.2.3-3. to the LMF if that was requested at step 1.
(4)	At any time after step 2, the LMF may send a Measurement Update message to the gNB providing updated information required for the gNB to perform the Multi-RTT measurements as defined in Table 8.10.2.4-2. Upon receiving the message, the gNB overwrites the previously received measurement configuration information.
(5)	If the previously requested Multi-RTT measurements can no longer be reported, the gNB notifies the LMF by sending a Measurement Failure Indication message.
(6)	When the LMF wants to abort an ongoing Multi-RTT measurement it sends a Measurement Abort message to the gNB.
NOTE:	The obtained Multi-RTT measurements in step 2 and step 3 may be aggregated from multiple measurement instances.
Appendix 3: ASN.1 structure for DL-AoD assistance data

NR-DL-PRS-BeamInfo
The IE NR-DL-PRS-BeamInfo is used by the location server to provide spatial direction information of the DL-PRS Resources.
-- ASN1START

NR-DL-PRS-BeamInfo-r16 ::= SEQUENCE (SIZE (1..nrMaxFreqLayers-r16)) OF
																NR-DL-PRS-BeamInfoPerFreqLayer-r16

NR-DL-PRS-BeamInfoPerFreqLayer-r16 ::= SEQUENCE (SIZE (1..nrMaxTRPsPerFreq-r16)) OF
																NR-DL-PRS-BeamInfoPerTRP-r16

NR-DL-PRS-BeamInfoPerTRP-r16 ::= SEQUENCE {
	dl-PRS-ID-r16						INTEGER (0..255),
	nr-PhysCellID-r16					NR-PhysCellID-r16		OPTIONAL,	-- Need ON
	nr-CellGlobalID-r16					NCGI-r15				OPTIONAL,	-- Need ON
	nr-ARFCN-r16						ARFCN-ValueNR-r15		OPTIONAL,	-- Need ON
	associated-DL-PRS-ID-r16			INTEGER (0..255)		OPTIONAL,	-- Need OP
	lcs-GCS-TranslationParameter-r16	LCS-GCS-TranslationParameter-r16	
																OPTIONAL,	-- Need OP
dl-PRS-BeamInfoSet-r16			DL-PRS-BeamInfoSet-r16	OPTIONAL,	-- Need OP
	...,
	[[
	dl-AoD-BeamInfo-r17					DL-AoD-BeamInfo-r17		OPTIONAL	-- Need ON
]]
}

DL-PRS-BeamInfoSet-r16 ::= SEQUENCE (SIZE(1..nrMaxSetsPerTrpPerFreqLayer-r16)) OF
																DL-PRS-BeamInfoResourceSet-r16

DL-PRS-BeamInfoResourceSet-r16 ::= SEQUENCE (SIZE(1..nrMaxResourcesPerSet-r16)) OF
																DL-PRS-BeamInfoElement-r16

DL-PRS-BeamInfoElement-r16 ::= SEQUENCE {
	dl-PRS-Azimuth-r16				INTEGER (0..359),
	dl-PRS-Azimuth-fine-r16			INTEGER (0..9)					OPTIONAL,	-- Need ON
	dl-PRS-Elevation-r16			INTEGER (0..180)				OPTIONAL,	-- Need ON
	dl-PRS-Elevation-fine-r16		INTEGER (0..9)					OPTIONAL,	-- Need ON
	...
}

LCS-GCS-TranslationParameter-r16 ::= SEQUENCE {
	alpha-r16						INTEGER (0..359),
	alpha-fine-r16					INTEGER (0..9)					OPTIONAL,	-- Cond AzElFine
	beta-r16						INTEGER (0..359),
	beta-fine-r16					INTEGER (0..9)					OPTIONAL,	-- Cond AzElFine
	gamma-r16						INTEGER (0..359),
	gamma-fine-r16					INTEGER (0..9) 					OPTIONAL,	-- Cond AzElFine
	...
}

DL-AoD-BeamInfo-r17 ::= SEQUENCE{
nr-PRS-AngleListSet-r17			NR-PRS-AngleListSet-r17,
[bookmark: _GoBack]angleCoordinateSystem-r17		ENUMERATED {lcs}			OPTIONAL,	-- Need OP
	...
}



NR-PRS-AngleListSet-r17 ::= SEQUENCE (SIZE(1.. nrMaxSetsPerTrpPerFreqLayer-r16)) OF
																NR-PRS-AngleElement-r17

NR-PRS-AngleElement-r17 ::= SEQUENCE{
	dl-PRS-AoD-r17					INTEGER (0..359)		OPTIONAL,	-- Need ON
	dl-PRS-ZoD-r17						INTEGER (0..180)		OPTIONAL,	-- Need ON
	dl-PRS-ResourceID-Primary-r17		INTEGER (0..63),
	dl-PRS-InfoSecondaryList-r17		SEQUENCE (SIZE (1..maxPRS-ResourceID-Secondary)) OF 													DL-PRS-InfoSecondary-r17,
	...
}

DL-PRS-InfoSecondary-r17 ::= SEQUENCE{
	dl-PRS-ResourceID-r17			INTEGER (0..63),
	dl-PRS-PeakPowerDiff-r17			INTEGER (0..31),
	...
}


-- ASN1STOP




	Conditional presence
	Explanation

	AzElFine
	The field is mandatory present if dl-PRS-Azimuth-fine or dl-PRS-Elevation-fine are present; otherwise it is not present.





	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.

	dl-AoD-BeamInfo
This field provides angle information for each DL-PRS Resource of the DL-PRS Resource Set associated with this TRP.

	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's CD-SSB (as defined in TS 38.300 [47]) corresponding to nr-PhysCellID.

	associated-DL-PRS-ID
This field specifies the dl-PRS-ID of the associated TRP from which the beam information and parameters for LCS to GCS translation are adopted. If the field is omitted, the beam information is provided via the dl-prs-BeamInfoSet field and the LCS to GCS translation parameter is provided via the lcs-GCS-TranslationParameter. If the field is present, the fields lcs-GCS-TranslationParameter and dl-PRS-BeamInfoSet shall be absent.

	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 and the field associated-DL-PRS-ID are absent, the dl-PRS-Azimuth and dl-PRS-Elevation are provided in a GCS.

	dl-PRS-BeamInfoSet
This field provides the DL-PRS beam information for each DL-PRS Resource of the DL-PRS Resource Set associated with this TRP.

	dl-PRS-Azimuth
This field specifies the azimuth angle of the boresight direction in which the DL-PRS Resources associated with this DL-PRS Resource ID in the DL-PRS Resource Set are transmitted.
For a Global Coordinate System (GCS), the azimuth angle is measured counter-clockwise from geographical North.
For a Local Coordinate System (LCS), the azimuth angle is measured measured counter-clockwise from the x-axis of the LCS.
Scale factor 1 degree; range 0 to 359 degrees.

	dl-PRS-Azimuth-fine
This field provides finer granularity for the dl-PRS-Azimuth.
The total azimuth angle of the boresight direction is given by dl-PRS-Azimuth + dl-PRS-Azimuth-fine.
Scale factor 0.1 degrees; range 0 to 0.9 degrees.

	dl-PRS-Elevation
This field specifies the elevation angle of the boresight direction in which the DL-PRS Resources associated with this DL-PRS Resource ID in the DL-PRS Resource Set are transmitted.
For a Global Coordinate System (GCS), the elevation angle is measured relative to zenith and positive to the horizontal direction (elevation 0 deg. points to zenith, 90 deg to the horizon).
For a Local Coordinate System (LCS), the elevation angle is measured relative to the z-axis of the LCS (elevation 0 deg. points to the z-axis, 90 deg to the x-y plane).
Scale factor 1 degree; range 0 to 180 degrees.

	dl-PRS-Elevation-fine
This field provides finer granularity for the dl-PRS-Elevation.
The total elevation angle of the boresight direction is given by dl-PRS-Elevation + dl-PRS-Elevation-fine.
Scale factor 0.1 degrees; range 0 to 0.9 degrees.

	alpha
This field specifies the bearing angle α for the translation of the LCS to a GCS as defined in TR 38.901 [44].
Scale factor 1 degree; range 0 to 359 degrees.

	alpha-fine
This field provides finer granularity for the alpha.
The total bearing angle α is given by alpha + alpha-fine.
Scale factor 0.1 degrees; range 0 to 0.9 degrees.

	beta
This field specifies the downtilt angle β for the translation of the LCS to a GCS as defined in TR 38.901 [44].
Scale factor 1 degree; range 0 to 359 degrees.

	beta-fine
This field provides finer granularity for the beta.
The total downtilt angle β is given by beta + beta-fine.
Scale factor 0.1 degrees; range 0 to 0.9 degrees.

	gamma
This field specifies the slant angle γ for the translation of the LCS to a GCS as defined in TR 38.901 [44].
Scale factor 1 degree; range 0 to 359 degrees.

	gamma-fine
This field provides finer granularity for the gamma.
The total slant angle γ is given by gamma + gamma-fine.
Scale factor 0.1 degrees; range 0 to 0.9 degrees.



	DL-AoD-Beam-Info field descriptions

	nr-PRS-AngleListSet
This field specifies the angle information of the TRP beam/antenna information for angle calculation for DL-AoD positioning.

	angleCoordinateSystem
Indicates whether the coordinate system is GCS or LCS. If the field is optional, the UE adopts the value as GCS.



	NR-PRS-AngleElement field descriptions

	dl-PRS-AoD
Azimuth angle of departure in degrees. 

	dl-PRS-ZoD
Zenith angle of departure in degrees.

	dl-PRS-ResourceID-Primary
Indicates the primary PRS resource that has the maximum radiation power at the direction provided by {aod, zod}

	dl-PRS-InfoSecondaryList
Indicates the information related to secondary PRS resources with smaller radiation power than the primary PRS resource.



	DL-PRS-InfoSecondary field descriptions

	dl-PRS-ResourceID
The PRS resource ID associated with the secondary PRS resource.

	dl-PRS-PeakPowerDiff
The value dl-PRS-PeakPowerDiff expressed in dB equals the radiated power of the primary PRS resource minus the radiated power of the target PRS resource at the direction {dl-PRS-AoD, dl-PRS-ZoD}. The value 0 indicates 0dB, the value 1 indicates 1dB and so on. 





[bookmark: _Toc20487543][bookmark: _Toc29342844][bookmark: _Toc29343983][bookmark: _Toc36567249][bookmark: _Toc36810697][bookmark: _Toc36847061][bookmark: _Toc36939714][bookmark: _Toc37082694][bookmark: _Toc46486822][bookmark: _Toc52547167][bookmark: _Toc52547697][bookmark: _Toc52548227][bookmark: _Toc52548757][bookmark: _Toc83656621]6.6	Multiplicity and type constraint values
[bookmark: _Toc20487544][bookmark: _Toc29342845][bookmark: _Toc29343984][bookmark: _Toc36567250][bookmark: _Toc36810698][bookmark: _Toc36847062][bookmark: _Toc36939715][bookmark: _Toc37082695][bookmark: _Toc46486823][bookmark: _Toc52547168][bookmark: _Toc52547698][bookmark: _Toc52548228][bookmark: _Toc52548758][bookmark: _Toc83656622]–	Multiplicity and type constraint definitions
-- ASN1START

maxEARFCN					INTEGER ::= 65535	-- Maximum value of EUTRA carrier frequency
maxEARFCN-Plus1				INTEGER ::= 65536	-- Lowest value extended EARFCN range
maxEARFCN2					INTEGER ::= 262143	-- Highest value extended EARFCN range

maxMBS-r14					INTEGER ::= 64
maxWLAN-AP-r13				INTEGER ::= 64
maxKnownAPs-r14				INTEGER ::= 2048
maxVisibleAPs-r14			INTEGER ::= 32
maxWLAN-AP-r14				INTEGER ::= 128
maxWLAN-DataSets-r14		INTEGER ::= 8

maxBT-Beacon-r13			INTEGER ::= 32

nrMaxBands-r16							INTEGER ::= 1024	-- Maximum number of supported bands in
															-- UE capability.
nrMaxFreqLayers-r16						INTEGER ::= 4		-- Max freq layers
nrMaxFreqLayers-1-r16					INTEGER ::= 3
nrMaxNumDL-PRS-ResourcesPerSet-1-r16 	INTEGER ::= 63
nrMaxNumDL-PRS-ResourceSetsPerTRP-1-r16	INTEGER ::= 7
nrMaxResourceIDs-r16					INTEGER ::= 64		-- Max Resource IDs
nrMaxResourceOffsetValue-1-r16 			INTEGER ::= 511
nrMaxResourcesPerSet-r16				INTEGER ::= 64		-- Maximum resources for one set
nrMaxSetsPerTrpPerFreqLayer-r16			INTEGER ::= 2		-- Maximum resource sets for one TRP
nrMaxSetsPerTrpPerFreqLayer-1-r16		INTEGER ::= 1
nrMaxTRPs-r16							INTEGER ::= 256		-- Max TRPs per UE
nrMaxTRPsPerFreq-r16					INTEGER ::= 64		-- Max TRPs per freq layers
nrMaxTRPsPerFreq-1-r16					INTEGER ::= 63
maxSimultaneousBands-r16				INTEGER ::= 4		-- Maximum number of simultaneously
															-- measured bands
maxBandComb-r16							INTEGER ::= 1024
nrMaxConfiguredBands-r16				INTEGER ::= 16
maxPRS-ResourceID-Secondary			INTEGER ::= 23		-- Maximum number of Secondary PRS
														-- Resource IDs for beam information

-- ASN1STOP
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