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In this contribution, we present our views on UE and gNB measurements remaining issues for NR positioning.
PRS reference for measurement and report
In RAN1#99 meeting [1], it has been agreed that:
	Agreement:
The ID (previously agreed for TRP) of the reference DL PRS Resource or DL PRS Resource set is provided in DL-PRS-RSTD-ReferenceInfo.


When looking at the agreement, it is clear that TRP ID to which the reference DL PRS resource(s) belongs to is provided along with DL PRS configuration using the IE DL-PRS-RSTD-ReferenceInfo. 
It is also known that UE may use different DL PRS resources or a different DL PRS resource set to determine the reference time for the RSTD measurement. There was the agreement from RAN1#96bis [2]:
	Agreement:
The UE may use different DL PRS Resource ID(s) (with the condition that the multiple DL PRS Resource IDs belong to a single DL PRS Resource set) or a different DL PRS Resource set for determining the reference for the RSTD measurement, and if it chooses to do so, it should report the DL PRS Resource ID(s) and/or the information on the DL PRS Resource set used to determine the reference.


If the UE chooses to use a different reference time than indicated by the network, we think it should be also report the TRP ID to determine the reference besides the DL PRS resource ID(s) or the DL PRS resource set ID since UE may select a reference from a TRP different from the TRP indicated by network. Furthermore, if the UE use a different PRS resource or resource set but from the same TRP, it may not need to report TRP ID.
Proposal 1:
· The TRP ID of the reference DL PRS Resource or DL PRS Resource set shall be reported by the UE if it chooses to use a different reference whose TRP is different from the one indicated by the network.
In RAN1#99, it was also agreed that 
	Agreement:
Modify the previous agreement on the definition of the time stamp as follows:
A UE measurement can be associated with a time stamp. For UE RSTD, DL PRS RSRP and UE Rx-Tx time difference measurement report, the time stamp can include the SFN, as well as the slot number for a subcarrier spacing. These values correspond to the reference provided by the DL-PRS-RstdReferenceInfo.


The agreement is also captured in TS38.214. The parameter ‘DL-PRS-RstdReferenceInfo’ seems applicable to all methods (UE RSTD, DL PRS RSRP and UE Rx-Tx time difference measurement) based on the above agreement. However, there’s one sentence also specified in TS38.214 as below to indicate that this parameter is only used to determine the reference for the RSTD measurements. This, in our opinion, may lead to ambiguity and confusion.
	TS 38.214-g00
5.1.6.5 PRS reception procedure
The UE may be indicated by the network that a DL PRS resources can be used as the reference for the RSTD measurement in a higher layer parameter DL-PRS-RstdReferenceInfo. The reference time indicated by the network to the UE can also be used by the UE to determine how to apply higher layer parameters DL-PRS-expectedRSTD and DL-PRS-expectedRSTD-uncertainty. 


Therefore, we propose to rename ‘DL-PRS-RstdReferenceInfo’ to ‘DL-PRS-ReferenceInfo’. In addition, we need to add descriptions in the specification to make this parameter applicable to DL PRS RSRP and UE Rx-Tx time difference methods. 
Proposal 2:
· Rename ‘DL-PRS-RstdReferenceInfo’ to ‘DL-PRS-ReferenceInfo’ and add descriptions in the specification to make this parameter applicable to DL PRS RSRP and UE Rx-Tx time difference methods.
In addition, we provide the following text proposal to TS 38.214.
Proposal 3: 
· Adopt the following text proposals into TS 38.214 for RSTD, PRS-RSRP and UE Rx-TX time difference measurement reference.
	TS 38.214-g00
5.1.6.5 PRS reception procedure
< Unchanged parts are omitted >
The UE may be indicated by the network that a DL PRS resources can be used as the reference for the DL RSTD, DL PRS-RSRP, and UE Rx-Tx time difference measurements in a higher layer parameter DL-PRS-RstdReferenceInfo. The reference time indicated by the network to the UE can also be used by the UE to determine how to apply higher layer parameters DL-PRS-expectedRSTD and DL-PRS-expectedRSTD-uncertainty. The UE expects the reference time to be indicated whenever it is expected to receive the DL PRS. This reference time provided by DL-PRS-RstdReferenceInfo may include an [ID], a PRS resource set ID, and optionally a single PRS resource ID or a list of PRS resource IDs. The UE may use different DL PRS resources or a different DL PRS resource set to determine the reference time for the RSTD measurement as long as the condition that the DL PRS resources used belong to a single DL PRS resource set is met. If the UE chooses to use a different reference time than indicated by the network, then it is expected to report the [TRP ID], the DL PRS resource ID(s) or the DL PRS resource set ID used to determine the reference. 
< Unchanged parts are omitted >


For timestamp related description, we also propose that
Proposal 4: 
· Adopt the following text proposals into TS 38.214 for timestamp related description.
	TS 38.214-g00
5.1.6.5 PRS reception procedure
< Unchanged parts are omitted >
For the DL RSTD, DL PRS-RSRP, and UE Rx-Tx time difference measurements the UE can report an associated higher layer parameter Timestamp. The Timestamp can include the SFN and the slot number for a subcarrier spacing. These values correspond to the reference which is provided by DL-PRS-RSTDReferenceInfo. 
< Unchanged parts are omitted >



UE capability of PRS RSRP measurement and report
In RAN1#99 meeting, it was agreed that 
Agreement:
The prior agreement is updated as given below:
UE can be configured to measure and report up to N=8  (> 1) DL PRS RSRP measurements on different DL PRS resources from the same TRP
· N=[3] FFS: N is a UE capability
There is a UE capability related to PRS RSPP measurement and report left for further study. From our point of view, for PRS RSRP measurement and report, we can reference the mechanism for beam management as below which is specified in TS38.331 [3]. 
	nrofReportedRS
The number (N) of measured RS resources to be reported per report setting in a non-group-based report. N <= N_max, where N_max is either 2 or 4 depending on UE capability.
(see TS 38.214 [19], clause 5.2.1.4) When the field is absent the UE applies the value 1


Therefore, we think N should be considered as UE capability. 
Proposal 5: 
· N DL PRS RSRP measurements being performed on different DL PRS resources from the same TRP subject to UE capability.
For DL PRS RSRP measurement and report related description, we also propose that
Proposal 6: 
· Adopt the following text proposal into TS 38.214 for PRS RSRP measurement and report related description.
	TS 38.214-g00
5.1.6.5 PRS reception procedure
< Unchanged parts are omitted >
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 have been performed using the same spatial domain filter for reception.

< Unchanged parts are omitted >



Parameters alignment with RAN2 specification 
After reading some content of TS37.355 CR[4], we found that some high layer parameters referenced in the RAN1 specification such as TS38.214 are not the same as the parameter named in TS37.355 CR.  For example, the higher layer parameter used by the target device to provide NR-DL TDOA measurements to the location server in TS38.214 is ‘DL-PRS-RstdMeasurementInfo’, while in RAN2’s description, the same parameter is represented by the IE ‘NR-DL-TDOA-SignalMeasurementInformation’. For higher layer parameters used by the target device to provide NR-DL TDOA measurements to the location server, in TS38.214, the parameter is ‘DL-PRS-UE-Rx-Tx-MeasurementInfo’, while in RAN2’s perspective, the parameter is named by ‘NR-Multi-RTT-SignalMeasurementInformation’. The description is as follows.
	TS 38.214-g00
5.1.6.5 PRS reception procedure
[bookmark: _Hlk21964903]For DL UE positioning measurement reporting in higher layer parameters DL-PRS-RstdMeasurementInfo 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 or the DL PRS-RSRP.

Running CR to 36.355 v15.0.0
[bookmark: _Toc12618281]6.x.1.4	NR-DL-TDOA Location Information Elements
-- ASN1START

NR-DL-TDOA-SignalMeasurementInformation-r16 ::= SEQUENCE {
	nr-TimeStamp-r16		NR-TimeStamp-r16,	
[bookmark: _Hlk30954207]	dl-PRS-ReferenceInfo-r16		DL-PRS-IdInfo-r16,
	nr-DL-TDOA-MeasList-r16	NR-DL-TDOA-MeasList-r16,
	...
}
…
6.z.1.4	NR-Multi-RTT Location Information Elements
-- ASN1START

NR-Multi-RTT-SignalMeasurementInformation-r16 ::= SEQUENCE {
	nr-TimeStamp-r16		NR-TimeStamp-r16,	
	dl-PRS-ReferenceInfo-r16	DL-PRS-IdInfo-r16,
	nr-Multi-RTT-MeasList-r16	NR-Multi-RTT-MeasList-r16,
	...
}



In our opinions, in addition to the parameters mentioned above, other higher layer parameters in RAN1 specification should also aligned with RAN2 specification.  
Proposal 7: 
· The higher layer parameters in TS38.211-TS38.215 should be aligned with TS37.855 and TS38.331.
Remaining issues for RSTD report
When the LMF calculates UE position with multiple RSTD measurements with respect to a path on a particular beam from multiple cells, the report would be quite large especially for a large number of positioning cells. The report overhead would be even larger in case of additional path report. Ideally, RSTD reports from a UE corresponding to all configured DL PRS resources from multiple positioning cells would provide the optimal positioning accuracy for the LMF. However, in reality, some of RSTD measurements and reports may be close to each other in some scenarios. For example, the difference between two RSTD reports corresponding to different PRS resources in a DL PRS resource set may be smaller than the RSTD resolution granularity. In such cases, one additional RSTD reports would not provide any meaningful improvement to the positioning accuracy. Therefore, it is desirable to specify some UE behavior/rules so that the UE can reduce RSTD report overhead while assure the final positioning accuracy. 
Considering that a UE can be configured to report multiple DL PRS RSTD measurements with each measurement between a different pair of DL PRS resources or DL PRS resource sets from the same pair of TRPs, we think it’s necessary for the network to enable efficient report by configuring UE to provide the relative difference of RSTD measurements for the same TRP pair. For example, instead of reporting two RSTD measurements with each has the full resolution (i.e. bit length), the UE can be configured to provide one full RSTD measurement and another differential RSTD (less number of bit than the full RSTD measurement) which itself is the difference between two RSTD measurements for the same TRP pair. 
Proposal 8: 
· When a UE is configured to report up to multiple DL PRS RSTD measurements with each measurement between a different pair of DL PRS resources or DL PRS resource sets, and those multiple measurements being performed on the same pair of TRPs, the UE can be configured to report one full RSTD measurement and some additional differential RSTD measurement(s).
Conclusion
In this contribution, we discuss remaining issues for positioning measurements with the following proposals:
Proposal 1:
· The TRP ID of the reference DL PRS Resource or DL PRS Resource set shall be reported by the UE if it chooses to use a different reference whose TRP is different from the one indicated by the network.
Proposal 2:
· Rename ‘DL-PRS-RstdReferenceInfo’ to ‘DL-PRS-ReferenceInfo’ and add descriptions in the specification to make this parameter applicable to DL PRS RSRP and UE Rx-Tx time difference methods.
Proposal 3: 
· Adopt the following text proposals into TS 38.214 for RSTD, PRS-RSRP and UE Rx-TX time difference measurement reference.
	TS 38.214-g00
5.1.6.5 PRS reception procedure
< Unchanged parts are omitted >
The UE may be indicated by the network that a DL PRS resources can be used as the reference for the DL RSTD, DL PRS-RSRP, and UE Rx-Tx time difference measurements in a higher layer parameter DL-PRS-RstdReferenceInfo. The reference time indicated by the network to the UE can also be used by the UE to determine how to apply higher layer parameters DL-PRS-expectedRSTD and DL-PRS-expectedRSTD-uncertainty. The UE expects the reference time to be indicated whenever it is expected to receive the DL PRS. This reference time provided by DL-PRS-RstdReferenceInfo may include an [ID], a PRS resource set ID, and optionally a single PRS resource ID or a list of PRS resource IDs. The UE may use different DL PRS resources or a different DL PRS resource set to determine the reference time for the RSTD measurement as long as the condition that the DL PRS resources used belong to a single DL PRS resource set is met. If the UE chooses to use a different reference time than indicated by the network, then it is expected to report the [TRP ID], the DL PRS resource ID(s) or the DL PRS resource set ID used to determine the reference. 
< Unchanged parts are omitted >


Proposal 4: 
· Adopt the following text proposals into TS 38.214 for timestamp related description.
	TS 38.214-g00
5.1.6.5 PRS reception procedure
< Unchanged parts are omitted >
For the DL RSTD, DL PRS-RSRP, and UE Rx-Tx time difference measurements the UE can report an associated higher layer parameter Timestamp. The Timestamp can include the SFN and the slot number for a subcarrier spacing. These values correspond to the reference which is provided by DL-PRS-RSTDReferenceInfo. 
< Unchanged parts are omitted >


Proposal 5: 
· N DL PRS RSRP measurements being performed on different DL PRS resources from the same TRP subject to UE capability.
Proposal 6: 
· Adopt the following text proposal into TS 38.214 for PRS RSRP measurement and report related description.
	TS 38.214-g00
5.1.6.5 PRS reception procedure
< Unchanged parts are omitted >
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 have been performed using the same spatial domain filter for reception.

< Unchanged parts are omitted >



Proposal 7: 
· The higher layer parameters in TS38.211-TS38.215 should be aligned with TS37.855 and TS38.331.
Proposal 8: 
· When a UE is configured to report up to multiple DL PRS RSTD measurements with each measurement between a different pair of DL PRS resources or DL PRS resource sets, and those multiple measurements being performed on the same pair of TRPs, the UE can be configured to report one full RSTD measurement and some additional differential RSTD measurement(s).
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