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Introduction
In this paper, we discuss following issues with regards to mitigating UE/TRP Rx/Tx timing error for positioning.
SRS port report
MTW
UL TEG reporting
DL simultaneous TEG
RSRP/RSRPP diversity
Phase centre offset

SRS port report with RTOA measurements
For the UL-TDOA positioning methods, gNB/TRP measures the RTOA based on the SRS transmitted by the UE, including both the positioning SRS and MIMO SRS. 
The benefit of TEG using MIMO SRS is to be exploited from the network side, without any impact to the UE, by allowing SRS port specific RTOA measurement reporting from the TRP. Hence, we think that that the gNB should be able to report the associated SRS port ID of the RTOA measurements.
However, some companies considered it lower priority in RAN1 since very beginning of the work item. Since RAN1 is already complete and RAN3 already implemented the feature of SRS resource ID (including positioning SRS and MIMO SRS) in NRPPa/F1AP BL CR, and we prefer to leave the SRS port report with RTOA measurement for RAN3.
Proposal 1: It is up to RAN3 to decide whether to support SRS port ID reporting associated with RTOA measurement.

MTW for measurement
As discussed for quite a lot of meetings, we support introducing the MTW for aligning the measurement instances between UE and gNB for RTT positioning and between gNBs for UL positioning methods.
For positioning methods that rely on multiple nodes to perform the measurement “synchronously”, introducing a “sync” signal is a natural solution that has being widely adopted in other areas.
Companies may have concern over the behaviour of UE and gNB when it comes to receiving the MTW indication, and at least from our understanding, in this release, the MTW could serve as the “assistance sync”, which is regarded as the best effort request. We do not mind to also capture this somewhere in the specification.
In addition, UE capabilities of receiving MTW could be introduced as well.
Proposal 2: The following procedures for the MTW indication from LMF is supported.
LMF to optionally recommend the measurement time window (MTW) for a UE for the measurement instances included in a measurement report. 
· A new UE capability to receive the indication of MTW is defined
LMF to optionally recommend the measurement time window for a gNB for the measurement instances included in a measurement report.
For both cases, UE and gNB are not required to follow the recommendation.
Send an LS to RAN2 and RAN3.

Regarding MTW configurations, we understand that the current “scheduled location time” has been adopted in LPP running CR.
	ScheduledLocationTime-r17 ::= CHOICE {
	utcTime-r17			UTCTime,
	gnssTime-r17		SEQUENCE {
							gnss-TOD-msec-r17		INTEGER (0..3599999),
							gnss-TimeID-r17			GNSS-ID
						},
	networkTime-r17		CHOICE {
							e-utraTime-r17			SEQUENCE {
								lte-physCellId-r17			INTEGER (0..503),
								lte-arfcnEUTRA-r17			ARFCN-ValueEUTRA,
								lte-cellGlobalId-r17		CellGlobalIdEUTRA-AndUTRA
																			OPTIONAL,	-- Need ON
								lte-systemFrameNumber-r17	INTEGER (0..1023)
								},
							nrTime-r17				SEQUENCE {
								nr-PhysCellID-r17			NR-PhysCellID-r16,
								nr-ARFCN-r17				ARFCN-ValueNR-r15,
								nr-CellGlobalID-r17			NCGI-r15		OPTIONAL,	-- Need ON
								nr-SFN-r17					INTEGER (0..1023),
								nr-Slot-r17 				CHOICE {
											scs15-r17			INTEGER (0..9),
											scs30-r17			INTEGER (0..19),
											scs60-r17			INTEGER (0..39),
											scs120-r17			INTEGER (0..79)
											}								OPTIONAL	-- Need ON
								},
							...
						},
	relativeTime-r17	INTEGER (1..1024),
	...
}



There are difference between scheduled location time and MTW. For example, the scheduled location time is a single time instance that does not account for the duration from which the measurement instances are comprised, and even for a single measurement instance, multiple samples (M=1 or 4) may also be needed, which can only be supported by MTW. For periodical location, it is not clear whether and how the current scheduled location time extends, e.g. with which periodicity.
Therefore, we believe that MTW configuration is still needed.
Observation 1: Even with scheduled location time, MTW is still needed.
For periodical reporting, in LPP, the reporting period can be 1, 2, 4, 8, 10, 16, 20, 32, 64 seconds, none of which can divide or be divided by 10.24s SFN period.
	PeriodicalReportingCriteria ::=		SEQUENCE {
	reportingAmount						ENUMERATED {
											ra1, ra2, ra4, ra8, ra16, ra32,
											ra64, ra-Infinity
										} DEFAULT ra-Infinity,
	reportingInterval					ENUMERATED {
											noPeriodicalReporting, ri0-25,
											ri0-5, ri1, ri2, ri4, ri8, ri16, ri32, ri64
										}
}

	

	periodicalReporting
This IE indicates that periodic reporting is requested and comprises the following subfields:
-	reportingAmount indicates the number of periodic location information reports requested. Enumerated values correspond to 1, 2, 4, 8, 16, 32, 64, or infinite/indefinite number of reports. If the reportingAmount is 'infinite/indefinite', the target device shou-ld continue periodic reporting until an LPP Abort message is received. The value 'ra1' shall not be used by a sender.
-	reportingInterval indicates the interval between location information reports and the response time requirement for the first location information report. Enumerated values ri0-25, ri0-5, ri1, ri2, ri4, ri8, ri16, ri32, ri64 correspond to reporting intervals of 1, 2, 4, 8, 10, 16, 20, 32, and 64 seconds, respectively. Measurement reports containing no measurements or no location estimate are required when a reportingInterval expires before a target device is able to obtain new measurements or obtain a new location estimate. The value 'noPeriodicalReporting' shall not be used by a sender.






In NRPPa, the measurement period/reporting period has already been fixed by [4].
	Report Characteristics
	M
	
	ENUMERATED (OnDemand, Periodic, ...)
	
	YES
	reject

	Measurement Periodicity
	C-ifReportCharacteristicsPeriodic
	
	ENUMERATED (120ms, 240ms, 480ms, 640ms, 1024ms, 2048ms, 5120ms, 10240ms, 1min, 6min, 12min, 30min, 60min,…, 20480ms, 40960ms, 160ms, 320ms, 1280ms, 2560ms, 61440ms,
81920ms, 368640ms, 737280ms, 1843200ms) 
	The codepoint 120ms, 240ms, 480ms, 1024ms, 2048ms, 1min, 6min, 12min, 30min, and 60min are not applicable
	YES
	reject




So in order to align the periodic measurement/reporting in both LPP/NRPPa, the periodicity of the MTW should be configured in a way similar to the RAN3 CR, which is the multiple of PRS/SRS periodicity and can divide or be divided by 10.24s SFN period. In addition to the periodicity, the offset and window length can also be provided to align with the measurement starting time.
Since all those numbers comes for the core network, it is preferred to use system frame duration (10msec) as the unit.
Proposal 3: MTW configuration to UE/gNB should include
MTW starting/offset SFN
MTW length in the unit of 10msec
MTW periodicity for the cases of periodic reporting in the unit of 10msec
The UE/gNB expects MTW periodicity to be configured to a number close to the periodic reporting interval, which is a multiple of PRS/SRS periodicity and can divide or can be divided by 10.24s SFN period.
Include the parameters in the higher layer parameter spread sheet.

UL TEG reporting
In RAN1#107-e, we agreed that UE reporting of SRS-TEG association is for the already transmitted SRS [1].
	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. 
· Send an LS to RAN2/RAN4 (cc: RAN3)
· to RAN2, including the following RAN1’s agreement related to the reporting of the UE Tx TEG, for RAN2 to work on the signaling
· to RAN4 for checking the agreement and work on how to decide when the Tx TEG association is changed



There were discussions on whether UE may convey the association for future SRS transmission. In our view, it is feasible.
For example, if UE has two panels, and UE reports the maximum number of Tx TEG as 2 to the gNB/LMF. Then gNB configures two positioning SRS resources (or two positioning SRS resource sets) to the UE, and it should be natural that UE maps the two SRS resources (or two SRS resource set) to the two panels/Tx TEGs, respectively, as for UL-only, UE may not be aware of the surrounding TRPs to measure the SRS or do any optimization of how the positioning SRS is transmitted (unlike MIMO SRS). Then the relation can be fixed during the entire SRS configuration period.
Observation 2: There exist the cases that positioning SRS resources (or SRS resource sets) have one-to-one mapping to the Tx TEGs for the purpose of Tx TEG switching during the entire SRS configuration period, in which the SRS-TEG association can be static.
The benefit of this static TEG information is that LMF is well-aware of the association in advance to do the filtering on the UL-RTOA measurement reported by each gNB, which makes the localization simple and clear.
Proposal 4: For static SRS-TEG association, UE may report the association before positioning SRS transmission.

Companies may also envision very complicated configurations, e.g. UE has two UL panels, and reported maximum number of 2 TEGs, but network somehow configures three positioning SRS resources with spatial relation from e.g. SSB from the non-serving cell. The result may be that sometimes SRS#0 and SRS#1 are from the panel 0, while SRS#2 is from panel 1, and as UE moves/rotates, SRS#0 and SRS#2 are from panel 0 and SRS#1 is from panel 1, resulting in uncertainty of SRS-TEG association. We do not think such a case would be widely available for UL-TDOA, given that
We do not have RRM requirement for the spatial relation info towards the non-serving cell
The SSB configured for spatial relation of SRS may not even be received by the UE (satisfying the side condition).
Therefore, any optimization is not essential, and thus we suggest not to support association reporting for future SRS transmission if the association can be dynamic during the SRS configuration period.
Proposal 5: For dynamic SRS-TEG association, UE shall only report the association for the previously transmitted SRS.

On triggered SRS-TEG association reporting, this can be considered as optimization for the association reporting for future SRS transmission, and thus is lower priority. We also note that RAN2 is already fully loaded incorporating RAN1 parameters and wrap up the existing RAN2-led objectives, and would suggest not to pursue this in RAN1.
Proposal 6: For triggered SRS-TEG association reporting, it is up to RAN2 to consider whether to support it.

DL simultaneous TEG
For multi-Rx TEG measuring the same PRS, we agreed the following UE functionality [1] and UE feature [2].
	Agreement
· Subject to UE capability, support the LMF to request a UE to optionally measure the same DL PRS resource of a TRP with N different UE Rx TEGs and report the corresponding multiple UE Rx-Tx time difference measurements.
· N=[2, 3, 4, 6, 8], where the maximum value of N depends on UE capability, and applies to all DL PRS positioning frequency layers
· Note: If N is not explicitly included in the request, it is up to UE to determine the number of different UE Rx TEGs to measure the same DL PRS resource within its capability
· FFS: details of the signalling, procedures, and UE capability
· The timestamps of the multiple UE Rx-Tx time difference measurements in the same measurement report can be the same or different.



	27. NR_pos_enh
	27-1-4
	Support of  UE Rx TEGs for measuring the same DL PRS resource
	The maximum number of different UE-RxTEGs that a UE can support to measure the same DL PRS of a TRP
	27-1-1
	No

	27. NR_pos_enh
	27-1-4a
	Support of  UE Rx TEGs for measuring the same DL PRS resource simultaneously
	The maximum number of  UE Rx TEGs for measuring the same DL PRS resource simultaneously
	27-1-4
	No



We would suggest to clarify the following understanding:
Network requesting UE to measure the same PRS with N different UE Rx TEGs should not be mandated for all PRS, and even not for any PRS. We expect that the measurement period requirement defined by RAN4 should not be extended if we consider the Rx TEG impact, which results in UE not being able to sweep its all Rx TEGs if not able to receive with them simultaneously.
No explicit signaling is defined to request UE to measure the same PRS with N2 different UE Rx TEGs simultaneously.
UE supporting FG 27-1-4a, and reporting the number of the corresponding Rx TEGs for measuring the same PRS simultaneously is not required to measure all PRS/any PRS with the exact same number of Rx TEGs, because e.g. some PRS-Rx TEGs may have low SNR due to directivity of UE Rx panels.
We think that the following proposal is useful for the purpose of clarification.
Proposal 7: UE is not required to measure the same DL PRS resource with the exactly the same number of Rx TEGs as requested by LMF or indicated in the capability signaling.

RSRP/RSRPP diversity
The other issue related to multi-Rx TEG measuring the same PRS is on the RSRP/RSRPP reporting associated with the TOA measurement. The different Rx TEGs may be corresponding to different Rx branches, and if PRS-RSRP is follows the current 38.215 definition when it comes receiver diversity, it should be clear that TOA measurement associated with some Rx TEGs may not have any associated RSRP reporting.
Observation 3: If the reported PRS-RSRP (and potentially PRS-RSRPP) is not lower than the PRS-RSRP (and potentially PRS-RSRPP) of any individual Rx branches, some TOA measurement associated with a Rx TEG ID may not have PRS-RSRP (and potentially PRS-RSRPP) value.
This may not be quite suited if network is also interested in the RSRP measurement on different Rx panels (assuming panel-TEG association). As discussed in our companion contribution [3], we suggest to relax the requirement for PRS-RSRPP when it comes to receiver diversity.
Proposal 8: For PRS-RSRPP, the reported value for a target DL-PRS resource can be Rx branch specific.

Phase centre offset
In RAN1 #107-e and RAN1 #107bis-e, there were discussions on the phase centre offset (PCO) for mitigating Rx/Tx timing error. In our view, PCO is different from the Rx/Tx TEGs. The latter is mainly related to the group delay of RF chains whereas the former PCO is related to the radiation centre shift of the antenna array. In addition, Rx/TX TEG has no relationship with the direction between UE and gNB. Hence, the TEG characteristic for a UE at different location is consistent. On the contrary, the phase centre offsets for a UE towards a target gNB may vary from time to time, e.g. when the UE move from place to place since the bearing from the UE to the gNB has changed. 
How to measure and calibrate the phase centre offset is unclear. There are lots of factors affecting the phase centre offset, such as UE formfactor, design of antenna elements, materials, radiation pattern, etc.? It is seems more challenging to mitigate the phase centre offset than Rx/Tx timing errors. It is also unclear about the degree to which the calibration, if any, is considered to mitigate the PCO if a new UE feature is defined to claim the calibration.
Since phase offset mitigation is important to high accuracy positioning, our suggestion is to study this within R18 carrier phase positioning by RAN4.
Proposal 9: The PCO feature should better be studied within R18 carrier phase positioning scope by RAN4.  

Conclusion
In this contribution, we have the following observations and proposals with regards to the maintenance of mitigation UE/gNB Rx/Tx timing error.
Observation 1: Even with scheduled location time, MTW is still needed.
Observation 2: There exist the cases that positioning SRS resources (or SRS resource sets) have one-to-one mapping to the Tx TEGs for the purpose of Tx TEG switching during the entire SRS configuration period, in which the SRS-TEG association can be static.
Observation 3: If the reported PRS-RSRP (and potentially PRS-RSRPP) is not lower than the PRS-RSRP (and potentially PRS-RSRPP) of any individual Rx branches, some TOA measurement associated with a Rx TEG ID may not have PRS-RSRP (and potentially PRS-RSRPP) value.
Proposal 1: It is up to RAN3 to decide whether to support SRS port ID reporting associated with RTOA measurement.
Proposal 2: The following procedures for the MTW indication from LMF is supported.
LMF to optionally recommend the measurement time window (MTW) for a UE for the measurement instances included in a measurement report. 
· A new UE capability to receive the indication of MTW is defined
LMF to optionally recommend the measurement time window for a gNB for the measurement instances included in a measurement report.
For both cases, UE and gNB are not required to follow the recommendation.
Send an LS to RAN2 and RAN3.
Proposal 3: MTW configuration to UE/gNB should include
MTW starting/offset SFN
MTW length in the unit of 10msec
MTW periodicity for the cases of periodic reporting in the unit of 10msec
The UE/gNB expects MTW periodicity to be configured to a number close to the periodic reporting interval, which is a multiple of PRS/SRS periodicity and can divide or can be divided by 10.24s SFN period.
Include the parameters in the higher layer parameter spread sheet.
Proposal 4: For static SRS-TEG association, UE may report the association before positioning SRS transmission.
Proposal 5: For dynamic SRS-TEG association, UE shall only report the association for the previously transmitted SRS.
Proposal 6: For triggered SRS-TEG association reporting, it is up to RAN2 to consider whether to support it.
Proposal 7: UE is not required to measure the same DL PRS resource with the exactly the same number of Rx TEGs as requested by LMF or indicated in the capability signaling.
Proposal 8: For PRS-RSRPP, the reported value for a target DL-PRS resource can be Rx branch specific.
Proposal 9: The PCO feature should better be studied within R18 carrier phase positioning scope by RAN4.  
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