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In this contribution, we present our views on some remaining issues on physical-layer procedures for Rel-16 NR positioning.
The priority of PRS processing

	Agreement 1:
· When a UE is configured in the assistance data of a positioning method with a number of PRS resources beyond its capability (FG 13-2,13-3,13-4 for AoD, TDOA, MRTT respectively),  the UE assumes the DL-PRS Resources in the assistance data are sorted in a decreasing order of measurement priority. Specifically, according to the current RAN2 structure of the assistance data, the following priority is assumed:
1. FFS: the 4 frequency layers are sorted according to priority,
1. The 64 TRPs per frequency layer are sorted according to priority,
1. The 2 sets per TRP of the frequency layer are sorted according to priority,
1. FFS: The 64 resources of the set per TRP per frequency layer are sorted according to priority. 
· The reference indicated by nr-DL-PRS-ReferenceInfo-r16 for each frequency layer has the highest priority at least for DL-TDOA


In RAN1#101 e-meeting, the above agreement about the priority of the assistance data has been reached. But there are also some FFS and issues that need to be discussed, such as sub-bullet a and d of the first bullet.
[bookmark: _Hlk47426752][bookmark: _Hlk47426746]During RAN1#101-e discussion, there’re arguments that LTE support such priority ordering. For reference, the assistance data structure and priority ranking for LTE positioning in TS 36.355 [1] is shown in Figure 1. It is observed that only Frequency Layer (FL) and cell are sorted in decreasing order, and PRS-info is not sorted. The structure of LTE positioning assistance data seems the same as the combination of sub-bullet a and b in the above agreement. But it is much different because of the different definition of LTE and NR for FL and PRS.


[bookmark: _Ref46396570]Figure 1: Assistance data structure and priority in TS 36.355
[bookmark: _Hlk47426786][bookmark: _Hlk47426814][bookmark: _Hlk47426836]In LTE, an FL consists of one or more cells that have the same earfcn or center of the carrier. However, a positioning frequency layer in NR consists of sets with the same value for ‘DL-PRS-SubcarrierSpacing’, ‘DL-PRS-PointA’,’ DL-PRS-StartPRB’,’ DL-PRS-ResourceBandwidth’ and ‘DL-PRS-CombSizeN’. That is, the NR positioning frequency layer will be different when any one of the above parameters is different. For example, in LTE, Resource set 0 and the Resource set 0’ (left and right in Figure 2)  belongs to an FL with different PRS-info.  Resource set 0 and the Resource set 0’ have the same priority given they are of the same FL. However, Resource set 0 and the Resource set 0’ belong to two FLs in NR and the priority of Resource set 0 and the Resource set 0’ is different if following sub-bullet a. In short, even though the frequency layer is sorted in the decreasing order as in LTE, the frequency layer in NR is not the same as in LTE. Agreeing sub-bullet an actually cannot support the same priority function as in LTE.



[bookmark: _Ref46416581]Figure 2 Two Resource sets with the same center frequency and different Bandwidth
Observation 1 
· The definition of positioning frequency layer in NR is not the same as in LTE.
[bookmark: _Hlk47426885]Furthermore, the assistance data priority is used for unicast and broadcast cases. In the broadcast case,  the assistance data priority is the same for different UEs whose performance requirements may be different. It may lead to some UEs cannot satisfy the requirement if the priority of FL1 is always higher than FL2. For instance, the bandwidth of FL1 is 20 MHz, the bandwidth of FL2 is 100 MHz, and the priority of FL1 is higher than FL2. For UEs want to achieve high accuracy positioning by utilizing FL2, such network indicated priority of positioning layer may restrict UE’s ability to measure FL2.
Observation 2 
· Such network indicated priority of positioning layer may restrict UE’s ability to measure different positioning frequency layer.
Based on the above discussion, we don’t think positioning frequency layers are sorted according to priority should be supported in NR. 
Proposal 1:
· Positioning frequency layers in NR are not sorted according to priority  
Regarding the priority of PRS resource, we note that the following previous agreements on PRS resource. 
	[bookmark: _Ref46431394][bookmark: _Hlk47427414][bookmark: _Ref46431525]RAN1 #96bis Agreement 2
· A DL PRS Resource Set is defined as a set of DL PRS Resources, where each DL PRS Resource has a DL PRS Resource ID
· The DL PRS Resources in a DL PRS Resource set are associated with the same TRP
· A DL PRS Resource ID in a DL PRS Resource set is associated with a single beam transmitted from a single TRP (A TRP may transmit one or more beams)
· Note: This does not have any implications on whether the TRPs and beams from which signals are transmitted are known to the UE. 
[bookmark: _Ref46431542]RAN1 #98bis Agreement 3:
For positioning purposes, to assist UE to perform Rx beamforming, the following can be used (option 1 from previous related agreement in RAN1#97):
· The DL PRS can be configured to be QCL Type D with a DL Reference Signal from a serving or neighbouring cell. SSB or DL-PRS can be the QCL Type D source of DL-PRS.

[bookmark: _Ref46431549]RAN4Agreement 4: 
UE is not required to perform additional SSB measurements  for the SSB configured as QCL source of PRS resources.
[bookmark: _Ref46431560]RAN1 #101 Agreement 5:
· FG 13-7 for “Support of SSB from neighbor cell as QCL source of a DL PRS” is kept in the UE features list for Positioning
· Component 1 is kept as below
· 1. Support of SSB from neighbor cell as QCL source of a DL PRS
· Support of reuse SSB measurement from RRM for receiving PRS
· 13-1 is prerequisite feature group for FG13-7
· Type of FG13-7 is “Per band”



Looking at the above agreements, it is quite obvious that PRS resources in NR is likely associated with different beams of a TRP. 
If combing the sub-bullets b, c, and d in Agreement 1, the UE behavior is as follows:
Step 1: UE measures 64 resources of the first set of the first TRP,
Step 2: UE measures 64 resources of the second set of the first TRP,
Step 3: UE measures 64 resources of the first set of the second TRP 

Step 2N: UE measures 64 resources of the second set of the Nth TRP.
[bookmark: _Hlk47427229][bookmark: _Hlk47427253][bookmark: _Hlk47427275]Take the example as shown in Figure 3, a UE can only measure TRP2 after it has measured all the beams of TRP1. It is unreasonable that those beams of TRP1 not toward the target UE (i.e., beams not color-filled) have a higher priority than those beams toward the target UE in TRP2 (i.e., beams color-filled). It is desirable to choose a part of PRS resources to measure for device efficiency and capability. 


Figure 3 The DL PRS Resource with beam
[bookmark: _Hlk47192608]According to the yellow part of Agreement 2, Agreement 3, it is observed that a DL PRS Resource is associated with a single beam, and may be configured to be ‘QCL-Type-D’ with a DL PRS or SS/PBCH Block from a serving cell or a non-serving cell. That is UE can be configured all DL PRS resource with QCL ( such as SSB). Furthermore, the RAN4 reached the agreement that UE is not required to perform additional SSB measurements for the SSB configured as a QCL source of PRS resources. So, the UE behaviors can be described as below.
Step 1: UE perform SSB measurement for RRM;
Step 2: UE is configured DL PRS assistance data which is configured to be ‘QCL-Type-D’ with SSB;
[bookmark: _Hlk47427494][bookmark: _Hlk47427534]In this case, UE may be aware of some PRS resource/beam direction information and possible signal/beam quality. It is not clear to us following the PRS resource priority as indicated by the assistant data (as in sub-bullet d) would lead to better positioning performance. 
[bookmark: _Hlk47427580]Furthermore, in some cases, such as UE-based positioning, the UE has more information about beam selection. The SSB measurement result, optional TRP (such as UE based positioning) and UE location information (GPS, etc.) can help to choose better DL PRS resources and decide the priority of the DL PRS resources. Strictly following priority order from the assistance data may actually restrict UE selection and degrade UE-based positioning performance. Therefore, in some cases, it is better to let UE decide the priority of the DL PRS resources.
Note that the assistance data priority needs to be provided in both unicast and broadcast cases. For the broadcast case, it is not clear to us how the LMF can guarantee or even be able to configure a common priority order good for all the UEs. 
On the other hand, the priority order has a benefit for the measurement of DL PRS considering a large number of DL PRS resources and limited UE capability. In general, we think the LMF can recommend UE some PRS resources in high priority to measure while the actual PRS resources to be measured is still decided by the UE. Proposal 2:
· LMF recommends some PRS resources in high priority to measure while the actual PRS resources to be measured is still decided by the UE.
Furthermore, instead of sort all the PRS reosurces in a set, the LMF can indicate a subset of PRS resources as high priority for UE. It is not necessary to have different priority for the PRS resources of the same measurement group for a PRS resource set in a TRP. For example, the LMF can divide the DL PRS resources of a resource set into M measurement groups where only the first measurement group is of high priority. This could be the minimum PRS resources to be measured by a UE for each set of each TRP on a frequency layer. The priority of measurement groups of a PRS reource set are sorted according to the priority order of PRS resource set first, then by the order of TRP, at last followed by the next measurement group of the same PRS reource set. In other words, the corresponding UE behavior is as follows:
Step 1: UE measures resources of the first group of the first set of the first TRP,
Step 2: UE measures resources of the first group of the second set of the first TRP,
Step 3: UE measures resources of the first group of the first set of the second TRP,

Step 2N: UE measures resources of the first group of the second set of the Nth TRP,
Step 2N+1: UE measures resources of the second group of the first set of the first TRP,
Step 2N+2: UE measures resources of the second group of the second set of the first TRP,
Step 2N+3: UE measures resources of the second group of the first set of the second TRP,

Step 2N+2N: UE measures resources of the second group of the second set of the Nth TRP,

Step 2N*M: UE measures resources of the Mth group of the second set of the Nth TRP.
Proposal 3:
· When a UE is configured in the assistance data of a positioning method with a number of PRS resources beyond its capability (FG 13-2,13-3,13-4 for AoD, TDOA, MRTT respectively),  the UE assumes the DL-PRS Resources in the assistance data are sorted in a decreasing order of measurement priority. Specifically, according to the current RAN2 structure of the assistance data, the following priority is assumed:
· The resources of the set are divided into M measurement groups. The priority of measurement groups of a PRS reource set are sorted according to the priority order of PRS resource set first, then by the order of TRP, at last followed by the next measurement group of the same PRS reource set. 
Finally, the collision with the measurement gap and priority is discussed.
	Agreement 6:
· UE is not expected to process DL PRS without configuration of measurement gap in Rel-16
· RAN1 assumes that no RAN4 requirements are to be defined for the case w/o configured measurement gap in Release 16
· Inform RAN4 about this agreement



As our understanding, the measurement gap is configured by gNB and the priority of PRS is configured by LMF. There is a high probability that the measurement gap is inconsistent with the  PRS configuration.  For example, the measurement gap window may only include the medium and lower priority PRS as Figure 4. If the measurement rule must follow the priority of LMF provided,  the medium and lower priority PRS can’t be measured when high priority PRS is not measured because of without measurement gap for it.


[bookmark: _Ref46505814]Figure 4 The diagram with the measurement gap and priority
Therefore, for this case, the priority rule only is valid for the PRS in the measurement gap windows. Then, it avoids the PRS can not be measured because the high priority PRS is not configured with the measurement gap. For example, there are PRS #1~#10 with a decreasing order for measurement, and the UE is configured with a measurement gap in that window only includes PRS #2, #3, #5, #9. Then the UE can measure PRS #2, #3, #5, #9 before measure PRS #1.
Proposal 4:
· The sorted PRS resource priority is assumed only within the measurement gap window on the UE side.
Alignment with RAN2
symbolNum
	TS 38.214
5.1.6.5 PRS reception procedure

A DL PRS resource is defined by:
-	dl-PRS-ResourceList-r16 determines the DL PRS resources that are contained within one DL PRS resource set. 
-	nr-DL-PRS-ResourceId-r16 determines the DL PRS resource configuration identity. All DL PRS resource IDs are locally defined within a DL PRS resource set.
-	dl-PRS-SequenceId-r16 is used to initialize cinit value used in pseudo random generator [4, TS38.211, 7.4.1.7.2] for generation of DL PRS sequence for a given DL PRS resource.
-	dl-PRS-ReOffset-r16 defines the starting RE offset of the first symbol within a DL PRS resource in frequency. The relative RE offsets of the remaining symbols within a DL PRS resource are defined based on the initial offset and the rule described in Clause 7.4.1.7.3 of [4, TS38.211]. 
-	dl-PRS-ResourceSlotOffset-r16 determines the starting slot of the DL PRS resource with respect to corresponding DL PRS resource set slot offset
-	dl-PRS-ResourceSymbolOffset-r16 determines the starting symbol of a slot configured with the DL PRS resource. 
-	dl-PRS-NumSymbols-r16 defines the number of symbols of the DL PRS resource within a slot where the allowable values are given in Clause 7.4.1.7.1 of [4, TS38.211]. 



TS 37.355
[bookmark: _Toc27765178][bookmark: _Toc37680845]6.4.3	Common NR Positioning Information Elements
NR-DL-PRS-ResourceSet-r16 ::= SEQUENCE {
	nr-DL-PRS-ResourceSetID-r16			NR-DL-PRS-ResourceSetID-r16,
	dl-PRS-Periodicity-and-ResourceSetSlotOffset-r16
										NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset-r16,
	dl-PRS-ResourceRepetitionFactor-r16	ENUMERATED {n2, n4, n6, n8, n16, n32, ...}
																		OPTIONAL,	-- Need OP
	dl-PRS-ResourceTimeGap-r16			ENUMERATED {s1, s2, s4, s8, s16, s32, ...}
																			OPTIONAL, 	-- Cond Rep
	dl-PRS-NumSymbols-r16				ENUMERATED {n2, n4, n6, n12, ...},
	dl-PRS-MutingOption1-r16			DL-PRS-MutingOption1-r16			OPTIONAL,	-- Need OP
	dl-PRS-MutingOption2-r16			DL-PRS-MutingOption2-r16			OPTIONAL,	-- Need OP
	dl-PRS-ResourcePower-r16			INTEGER (-60..50),	
	dl-PRS-ResourceList-r16				SEQUENCE (SIZE (1..nrMaxResourcesPerSet-r16)) OF 
																	NR-DL-PRS-Resource-r16,
	...
}
According to the above yellow highlight in the TS38.214 [2] and TS 37.355 [3], it is observed that the ‘dl-PRS-NumSymbols-r16’ is defined per resource in the RAN1 side. However, the ‘dl-PRS-NumSymbols-r16’is configured per resource set in the RAN2 side.
The different definitions in RAN2 and RAN1 for the parameter ‘dl-PRS-NumSymbols-r16’ is due to the below parameter list that RAN1 sends to RAN2. In the parameter list [4], The RAN2 Parent IE of  ‘dl-PRS-NumSymbols’ is DL-PRS-ResourceSet.
[image: ]
Figure 5  The description of dl-PRS-NumSymbols in the parameter list [4]
For the current situation, the parameter of  ‘dl-PRS-NumSymbols-r16’ in RAN1 and RAN2 should be aligned. There are two options for the problem as follows.
Option 1: Modify RAN2 Parent IE of ‘dl-PRS-NumSymbols’ as DL-PRS-Resource and send LS to RAN2  
Option 2: Align the Parent IE as RAN2 and modify the RAN1 specification.
Proposal 5:
· choose an option for the alignment of the parent IE of ‘dl-PRS-NumSymbols-r16’  
· Option 1: Modify RAN2 Parent IE of ‘dl-PRS-NumSymbols-r16’ as DL-PRS-Resource and send LS to RAN2  
· Option 2: Align the Parent IE as RAN2 and modify the RAN1 specification.
 Additional path
Additional path for time-based measurement is agreed in RAN2 and captured in the IE ‘NR-DL-TDOA-MeasElement-r16’ and ‘NR-Multi-RTT-MeasElement-r16’ as below in the latest TS 37.355 [3].
	NR-DL-TDOA-MeasElement-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-PhysCellID-r16				NR-PhysCellID-r16								OPTIONAL,
	nr-CellGlobalID-r16				NCGI-r15										OPTIONAL,
	nr-ARFCN-r16					ARFCN-ValueNR-r15								OPTIONAL,
	nr-DL-PRS-ResourceID-r16		NR-DL-PRS-ResourceID-r16	 					OPTIONAL,
	nr-DL-PRS-ResourceSetID-r16		NR-DL-PRS-ResourceSetID-r16						OPTIONAL,
	nr-TimeStamp-r16				NR-TimeStamp-r16,
	nr-RSTD-r16						CHOICE {
			k0-r16						INTEGER (0..1970049),
			k1-r16						INTEGER (0..985025),
			k2-r16						INTEGER (0..492513),
			k3-r16						INTEGER (0..246257),
			k4-r16						INTEGER (0..123129),
			k5-r16						INTEGER (0..61565),
			...
	},
	nr-AdditionalPathList-r16		NR-AdditionalPathList-r16						OPTIONAL,
	nr-TimingQuality-r16			NR-TimingQuality-r16,
	nr-DL-PRS-RSRP-Result-r16		INTEGER (0..126)								OPTIONAL,
	nr-DL-TDOA-AdditionalMeasurements-r16
									NR-DL-TDOA-AdditionalMeasurements-r16			OPTIONAL,
	...


	NR-Multi-RTT-MeasElement-r16 ::= SEQUENCE {
dl-PRS-ID-r16					INTEGER (0..255),
	nr-PhysCellID-r16				NR-PhysCellID-r16								OPTIONAL,
	nr-CellGlobalID-r16				NCGI-r15										OPTIONAL,
	nr-ARFCN-r16					ARFCN-ValueNR-r15								OPTIONAL,
	nr-DL-PRS-ResourceID-r16		NR-DL-PRS-ResourceID-r16						OPTIONAL,
	nr-DL-PRS-ResourceSetID-r16		NR-DL-PRS-ResourceSetID-r16 					OPTIONAL,
	nr-UE-RxTxTimeDiff-r16			CHOICE {
			k0-r16						INTEGER (0..1970049),
			k1-r16						INTEGER (0..985025),
			k2-r16						INTEGER (0..492513),
			k3-r16						INTEGER (0..246257),
			k4-r16						INTEGER (0..123129),
			k5-r16						INTEGER (0..61565),
			...
	},
	nr-AdditionalPathList-r16		NR-AdditionalPathList-r16						OPTIONAL,
	nr-TimeStamp-r16				NR-TimeStamp-r16,
	nr-TimingQuality-r16			NR-TimingQuality-r16,
	nr-DL-PRS-RSRP-Result-r16		INTEGER (0..126)								OPTIONAL,
	nr-Multi-RTT-AdditionalMeasurements-r16
									NR-Multi-RTT-AdditionalMeasurements-r16			OPTIONAL,
	...
}


The corresponding descriptions for ‘NR-AdditionalPathList’ are also listed below for DL-TDOA and Multi-RTT respectively.
	nr-AdditionalPathList
This field specifies one or more additional detected path timing values for the TRP or resource, relative to the path timing used for determining the nr-RSTD value. If this field was requested but is not included, it means the UE did not detect any additional path timing values.

	nr-AdditionalPathList
This field specifies one or more additional detected path timing values for the TRP or resource, relative to the path timing used for determining the nr-UE-RxTxTimeDiff value or the nr-UE-RxTxTimeDiffAdditional value. If this field was requested but is not included, it means the UE did not detect any additional path timing values.


More specifically, RAN2 also specifies the number of NR-AdditionalPath and the component IEs for each NR-AdditionalPath included in the list as below.
	NR-AdditionalPathList-r16 ::= SEQUENCE (SIZE(1..2)) 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-path-Quality-r16				NR-TimingQuality-r16					OPTIONAL,
	...}


In RAN2’s understanding, the IE NR-AdditionalPathList is used by the UE to provide information about additional paths in association with the TOA measurements for 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.
However, no agreements related to NR-AdditionalPath have been achieved by RAN1 in Rel-16 WI. To align with RAN2’s conclusion, we think the NR-AdditionalPath related descriptions should also be captured into TS 38.214.
Proposal 6:
· Capture the descriptions related to ‘NR-AdditionalPath’ into TS 38.214.
In addition, it is observed that in both TS 37.355 [3] and TS 36.355, the UE can indicate to the location server whether it can support reporting of timing information for the additional detected path for associated ToA measurements as UE capability of additional path report, as shown below.
	NR-DL-TDOA-ProvideCapabilities-r16 ::= SEQUENCE {
	nr-DL-TDOA-Mode-r16						PositioningModes,
	nr-DL-TDOA-PRS-Capability-r16			NR-DL-PRS-ResourcesCapability-r16,
	nr-DL-TDOA-MeasurementCapability-r16	NR-DL-TDOA-MeasurementCapability-r16,
	nr-DL-PRS-QCL-ProcessingCapability-r16	NR-DL-PRS-QCL-ProcessingCapability-r16,
	nr-DL-PRS-ProcessingCapability-r16		NR-DL-PRS-ProcessingCapability-r16,
	additionalPathsReport-r16				ENUMERATED { supported }					OPTIONAL,
	periodicalReporting-r16					PositioningModes							OPTIONAL,
	...
,
...}

	NR-Multi-RTT-ProvideCapabilities-r16 ::= SEQUENCE {
	nr-Multi-RTT-PRS-Capability-r16			NR-DL-PRS-ResourcesCapability-r16,
	nr-Multi-RTT-MeasurementCapability-r16	NR-Multi-RTT-MeasurementCapability-r16,
	nr-DL-PRS-QCL-ProcessingCapability-r16	NR-DL-PRS-QCL-ProcessingCapability-r16,
	nr-DL-PRS-ProcessingCapability-r16		NR-DL-PRS-ProcessingCapability-r16,
	nr-UL-SRS-Capability-r16				NR-UL-SRS-Capability-r16,
	additionalPathsReport-r16				ENUMERATED { supported }					OPTIONAL,
	periodicalReporting-r16					ENUMERATED { supported }					OPTIONAL,
	...
}


	OTDOA-ProvideCapabilities ::= SEQUENCE {
	otdoa-Mode		BIT STRING {	ue-assisted				(0),
									ue-assisted-NB-r14		(1),
									ue-assisted-NB-TDD-r15	(2) } (SIZE (1..8)),
	...,
	supportedBandListEUTRA		SEQUENCE (SIZE (1..maxBands)) OF SupportedBandEUTRA		OPTIONAL,
	supportedBandListEUTRA-v9a0	SEQUENCE (SIZE (1..maxBands)) OF SupportedBandEUTRA-v9a0
																						OPTIONAL,
	interFreqRSTDmeasurement-r10		ENUMERATED { supported }						OPTIONAL,
	additionalNeighbourCellInfoList-r10	ENUMERATED { supported }						OPTIONAL,
	prs-id-r14							ENUMERATED { supported }						OPTIONAL,
	tp-separation-via-muting-r14		ENUMERATED { supported }						OPTIONAL,
	additional-prs-config-r14			ENUMERATED { supported }						OPTIONAL,
	prs-based-tbs-r14					ENUMERATED { supported }						OPTIONAL,
	additionalPathsReport-r14			ENUMERATED { supported }						OPTIONAL,
	densePrsConfig-r14					ENUMERATED { supported }						OPTIONAL,
	maxSupportedPrsBandwidth-r14		ENUMERATED { n6, n15, n25, n50, n75, n100, ...}	OPTIONAL,
   ...
}


Thus, it makes more sense to follow TS 37.355 and TS 36.355 and capture the same UE capability in RAN1 specification. So that for each ToA measurement, the UE may be configured to measure and report, subject to UE capability, up to 2 additional detected path timing values. 
Proposal 7:
· Capture UE capability of additional path report for NR DL-TDOA positioning and NR Multi-RTT positioning.
Therefore, we propose that 
Proposal 8: 
· Adopt the following text proposals into TS 38.214 for the description of additional path report.
	TS 38.214
5.1.6.5   PRS reception procedures
< Unchanged parts are omitted >
The UE may be configured to measure and report, subject to UE capability, up to 4 DL RSTD measurements per pair of cells with each measurement between a different pair of DL PRS resources or DL PRS resource sets within the DL PRS configured for those cells. The up to 4 measurements being performed on the same pair of cells and all DL RSTD measurements in the same report use a single reference timing. 

The UE may be configured to measure and report, subject to UE capability, up to 8 DL PRS RSRP measurements on different DL PRS resources from the same cell. When the UE reports DL PRS RSRP measurements from one DL PRS resource set, the UE may indicate which DL PRS RSRP measurements associated with the same higher layer parameter nr-DL-PRS-RxBeamIndex have been performed using the same spatial domain filter for reception if for each nr-DL-PRS-RxBeamIndex reported there are at least 2 DL PRS-RSRP measurements associated with it within the DL PRS resource set.

The UE may be configured to measure and report, subject to UE capability, up to 4 UE Rx-Tx time difference measurements corresponding to a single configured SRS resource or resource set for positioning. Each measurement corresponds to a single received DL PRS resource or resource set which can be in different positioning frequency layers.

The UE may be configured to measure and report, subject to UE capability, up to 2 additional detected path timing values relative to the path timing in association to each TOA measurement used to determine each RSTD measurement or RX-TX time difference measurement. The UE may also be configured to report quality metrics corresponding to each additional detected path.
< Unchanged parts are omitted >



nr-DL-PRS-RstdMeasurementInfoRequest-r16
The DL positioning measurement reporting is captured in TS 38.214 [2] as below.
	TS 38.214
5.1.6.5 PRS reception procedure

For DL UE positioning measurement reporting in higher layer parameters nr-DL-PRS-RstdMeasurementInfoRequest-r16 or DL-PRS-UE-Rx-Tx-MeasurementInfo the UE can be configured to report the DL PRS resource ID(s) or the DL PRS resource set ID(s) associated with the DL PRS resource(s) or the DL PRS resource set(s) which are used in determining the UE measurements DL RSTD, UE Tx-Rx time difference.



There are some issues in the above text. Firstly, no parameter is named as DL-PRS-UE-Rx-Tx-MeasurementInfo in TS 37.355 [3]. It should be changed to ’NR-Multi-RTT-SignalMeasurementInformation’ to align with RAN2 specification. 
	TS 37.355
6.5.10.5 NR-DL-TDOA-RequestLocationInformation
The IE NR-DL-TDOA-RequestLocationInformation is used by the location server to request NR DL-TDOA location measurements from a target device.
-- ASN1START

NR-DL-TDOA-RequestLocationInformation-r16 ::= SEQUENCE {
[bookmark: _Hlk39680779]	nr-DL-PRS-RstdMeasurementInfoRequest-r16	ENUMERATED { true }			OPTIONAL, -- Need ON
	nr-RequestedMeasurements-r16				BIT STRING {prsrsrpReq (0)} (SIZE(1..8)),
	nr-AssistanceAvailability-r16				BOOLEAN,
	nr-DL-TDOA-ReportConfig-r16					NR-DL-TDOA-ReportConfig-r16		OPTIONAL, -- Need ON
	additionalPaths-r16							ENUMERATED { requested }		OPTIONAL, -- Need ON
	...
}

NR-DL-TDOA-ReportConfig-r16 ::= SEQUENCE {
	maxDL-PRS-RSTD-MeasurementsPerTRPPair-r16	INTEGER (1..4)					OPTIONAL,
	timingReportingGranularityFactor-r16 		INTEGER (FFS)					OPTIONAL,	
	-- FFS in RAN4
	...
}

-- ASN1STOP

	nr-DL-PRS-RstdMeasurementInfoRequest
This field indicates whether the target device is requested to report DL PRS Resource ID(s) or DL PRS Resource Set ID(s) used for determining the timing of each TRP in RSTD measurements.





Besides, the parameter ‘nr-DL-PRS-RstdMeasurementInfoRequest’ is captured in TS 37.355 as above highlighted in yellow for the condition when UE is configured to report the DL PRS resource ID(s) or the DL PRS resource set ID(s). That is,  It is request information that can not include the reporting information. Thus, ‘nr-DL-PRS-RstdMeasurementInfoRequest-r16’ should be changed to ‘ NR-DL-TDOA-SignalMeasurementInformation ’.
So, we propose:
[bookmark: _Hlk39950648]Proposal 9:
· To align with RAN2, change the parameter name ‘ nr-DL-PRS-RstdMeasurementInfoRequest-r16’ and ‘DL-PRS-UE-Rx-Tx-MeasurementInfo’ to ‘NR-DL-TDOA-SignalMeasurementInformation’ and ‘NR-Multi-RTT-SignalMeasurementInformation’ respectively. 
Proposal 10: 
· Adopt the following text proposal into TS 38.214 for the measurement report.
	TS 38.214
5.1.6.5 PRS reception procedure
< Unchanged parts are omitted >

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For DL UE positioning measurement reporting in higher layer parameters  NR-DL-TDOA-SignalMeasurementInformation nr-DL-PRS-RstdMeasurementInfoRequest-r16 or DL-PRS-UE-Rx-Tx-MeasurementInfo NR-Multi-RTT-SignalMeasurementInformation, the UE can be configured to report the DL PRS resource ID(s) or the DL PRS resource set ID(s) associated with the DL PRS resource(s) or the DL PRS resource set(s) which are used in determining the UE measurements DL RSTD, UE Tx-Rx time difference. 
< Unchanged parts are omitted >


 The spatial relations
	[bookmark: _Ref46516190]Agreement 8
For positioning purposes, for UL Beam management/alignment towards serving and neighbouring cells, the following is supported (in addition to UE TX beam sweeping):
· Configuration of a spatial relation between a reference DL RS from serving or neighbouring cells and the target SRS.
· Reference DL RS that can be used include at least SSB. FFS on CSI-RS, DL-PRS.
· A fixed Tx beam for UL SRS transmissions across multiple UL SRS Resources, for both FR1 and FR2.
· FFS how the fixed beam is selected.
· FFS on specification impacts.
Note: In Rel-16, UE is not expected to transmit multiple SRS resources with different spatial relations in the same OFDM symbol (Rel-15 behaviour)



In the RAN1 #97 meeting, Agreement 8 has been reached and captured in 38.214 as below.
TS 38.214
5.1.6.5 PRS reception procedure
< Unchanged parts are omitted >

The UE is not expected to transmit multiple SRS resources with different spatial relations in the same OFDM symbol
< Unchanged parts are omitted >
[bookmark: _Hlk47428093]But in recent RAN1 meetings, it is agreed that a UE can simultaneously transmit more than one SRS resource for intra-band and inter-band CA operations. In this situation, whether the spatial relations within the intra-band and inter-band CA operations are always the same, maybe need to be discussed.
	Agreement 9
· For intra-band and inter-band CA operations, support the simultaneous transmission of SRS resource for positioning and SRS resource for MIMO.
· For intra-band and inter-band CA operations, a UE can simultaneously transmit more than one SRS resource configured by SRS-PosResource-r16 and SRS-Resource on different CCs, subject to UE’s capability
Agreement 10
· A new UE capability is introduced for the number of simultaneous transmissions of SRS resources for positioning for inter-band CA, where the SRS resources are on different CCs.  
· The text in TP#A below is added to 38.214
	TP#A
===================== Unchanged parts omitted ======================
For intra-band and inter-band CA operations, a UE can simultaneously transmit more than one SRS resources configured by SRS-PosResource  on different CCs, subject to UE’s capability provided by [XX] and [YY] respectively.
===================== Unchanged parts omitted ======================





In our understanding, if the panel of UE is more than one, it can support the simultaneous transmission of SRS resources with different spatial relations. And it is better to take the different spatial relations when one SRS resources in the FR1 and another in the FR2. So 
Proposal 11: 
· In intra-band and inter-band CA operations, different spatial relations in the same OFDM symbol for SRS is allowed and up to UE capability.
Proposal 12: 
· Adopt the following text proposal into TS 38.214 for the spatial relation for SRS.
	TS 38.214
5.1.6.5 PRS reception procedure
< Unchanged parts are omitted >

In the same carrier, the UE is not expected to transmit multiple SRS resources with different spatial relations in the same OFDM symbol
< Unchanged parts are omitted >


Conclusion
In this contribution, we discuss on remaining issues on physical-layer procedures for NR positioning with the following proposals:
Observation 1 
· The definition of positioning frequency layer in NR is not the same as in LTE.
Observation 2 
· Such network indicated priority of positioning layer may restrict UE’s ability to measure different positioning frequency layer.
Proposal 1:
· Positioning frequency layers in NR are not sorted according to priority. 
Proposal 2:
· LMF recommends some PRS resources in high priority to measure while the actual PRS resources to be measured is still decided by the UE.
Proposal 3:
· When a UE is configured in the assistance data of a positioning method with a number of PRS resources beyond its capability (FG 13-2,13-3,13-4 for AoD, TDOA, MRTT respectively),  the UE assumes the DL-PRS Resources in the assistance data are sorted in a decreasing order of measurement priority. Specifically, according to the current RAN2 structure of the assistance data, the following priority is assumed:
· The resources of the set are divided into M measurement groups. The priority of measurement groups of a PRS reource set are sorted according to the priority order of PRS resource set first, then by the order of TRP, at last followed by the next measurement group of the same PRS reource set. 
Proposal 4:
· The sorted PRS resource priority is assumed only within the measurement gap window on the UE side.
Proposal 5:
· choose an option for the alignment of the parent IE of ‘dl-PRS-NumSymbols-r16’  
· Option 1: Modify RAN2 Parent IE of ‘dl-PRS-NumSymbols-r16’ as DL-PRS-Resource and send LS to RAN2  
· Option 2: Align the Parent IE as RAN2 and modify the RAN1 specification.
Proposal 6:
· Capture the descriptions related to ‘NR-AdditionalPath’ into TS 38.214.
Proposal 7:
· Capture UE capability of additional path report for NR DL-TDOA positioning and NR Multi-RTT positioning.
Proposal 8: 
· Adopt the following text proposals into TS 38.214 for the description of additional path report.
	TS 38.214
5.1.6.5   PRS reception procedures
< Unchanged parts are omitted >
The UE may be configured to measure and report, subject to UE capability, up to 4 DL RSTD measurements per pair of cells with each measurement between a different pair of DL PRS resources or DL PRS resource sets within the DL PRS configured for those cells. The up to 4 measurements being performed on the same pair of cells and all DL RSTD measurements in the same report use a single reference timing. 

The UE may be configured to measure and report, subject to UE capability, up to 8 DL PRS RSRP measurements on different DL PRS resources from the same cell. When the UE reports DL PRS RSRP measurements from one DL PRS resource set, the UE may indicate which DL PRS RSRP measurements associated with the same higher layer parameter nr-DL-PRS-RxBeamIndex have been performed using the same spatial domain filter for reception if for each nr-DL-PRS-RxBeamIndex reported there are at least 2 DL PRS-RSRP measurements associated with it within the DL PRS resource set.

The UE may be configured to measure and report, subject to UE capability, up to 4 UE Rx-Tx time difference measurements corresponding to a single configured SRS resource or resource set for positioning. Each measurement corresponds to a single received DL PRS resource or resource set which can be in different positioning frequency layers.

The UE may be configured to measure and report, subject to UE capability, up to 2 additional detected path timing values relative to the path timing in association to each TOA measurement used to determine each RSTD measurement or RX-TX time difference measurement. The UE may also be configured to report quality metrics corresponding to each additional detected path.
< Unchanged parts are omitted >


Proposal 9:
· To align with RAN2, change the parameter name ‘ nr-DL-PRS-RstdMeasurementInfoRequest-r16’ and ‘DL-PRS-UE-Rx-Tx-MeasurementInfo’ to ‘NR-DL-TDOA-SignalMeasurementInformation’ and ‘NR-Multi-RTT-SignalMeasurementInformation’ respectively. 
Proposal 10: 
· Adopt the following text proposal into TS 38.214 for the measurement report.
	TS 38.214
5.1.6.5 PRS reception procedure
< Unchanged parts are omitted >

For DL UE positioning measurement reporting in higher layer parameters  NR-DL-TDOA-SignalMeasurementInformation nr-DL-PRS-RstdMeasurementInfoRequest-r16 or DL-PRS-UE-Rx-Tx-MeasurementInfo NR-Multi-RTT-SignalMeasurementInformation, the UE can be configured to report the DL PRS resource ID(s) or the DL PRS resource set ID(s) associated with the DL PRS resource(s) or the DL PRS resource set(s) which are used in determining the UE measurements DL RSTD, UE Tx-Rx time difference . 
< Unchanged parts are omitted >


Proposal 11: 
· In intra-band and inter-band CA operations, different spatial relations in the same OFDM symbol for SRS is allowed and up to UE capability.
Proposal 12: 
· Adopt the following text proposal into TS 38.214 for the spatial relation for SRS.
	TS 38.214
5.1.6.5 PRS reception procedure
< Unchanged parts are omitted >

In the same carrier, the UE is not expected to transmit multiple SRS resources with different spatial relations in the same OFDM symbol.
< Unchanged parts are omitted >
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