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Introduction
In RAN1#106e, techniques of mitigating the UE and gNB Rx/Tx timing errors have been discussed and some agreements have been made. However, there are some remaining issues to be addressed in this meeting. In this contribution, we provide our views on the remaining issues based on the discussions and agreements in the previous meetings.

Timing error mitigation of UL TDOA
For mitigating UE Tx timing errors for UL TDOA, RAN1 has made the following agreement in RAN1#105e [1]:
	Agreement: (RAN1#105e)
· For mitigating UE Tx timing errors for UL TDOA, support one of the following options:
· Option 1: 
· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE has multiple Tx TEGs. 
· FFS: Support LMF to forward the association information provided by the UE to the serving and neighboring gNBs
· Option 2: 
· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE has multiple Tx TEGs. 
· Support the serving gNB to forward the association information provided by the UE to the LMF
· FFS: Support LMF to forward the association information from the serving gNB for the UE to the neighboring gNBs
· FFS: UE should be able to report capability information related to Tx TEGs to LMF via LPP signaling
· Support gNB to report the associated SRS resource ID/resource set ID of the RTOA measurement to LMF



Definition of Tx TEG change
For UL-TDOA positioning method, to mitigate the Tx timing errors, the SRS-TEG association should be reported to the LMF. There are two options for UE to report the association: 
Option 1: directly report the LMF;
Option 2: report to gNB via RRC and gNB forward the association to LMF.
In our view, how to report the SRS-TEG association to the LMF is related to the characteristics of the SRS-TEG association, i.e., whether it is “static” or “dynamic”. Different companies may have different understanding on “static” and “dynamic” according to the discussion during RAN1#106-e.
We acknowledge that UE may change the SRS Tx chains/panels on the real-time basis. For example, if an antenna is blocked, UE may switch to another antenna for communication/transmission. However, this is different from TEG change, because TEG ID is not panel ID.
The whole concept of UE Tx TEG reporting is about whether some positioning SRS resources have the timing error within a margin, but not applying the intermediate parameter “Tx TEG ID” over time. If the intention is to force SRS transmission in TEG#0 has the same timing error/within the margin at Time 1 and Time 2, we would suggest to have a second thought, since we do not think that could be possible. Even for a single SRS transmission (assuming single Tx TEG in that case), the SRS transmission timing error would anyway vary in time, depending on DL synchronization, TA, clock drift, etc.
A simplified way is to define the TEG ID analogous to the “Rx beam index” in Rel-16 DL-AoD measurement reporting, which is used to indicate whether the RSRPs are measured via the same Rx beam within a measurement report. It should not be considered as the same Rx beam for the same ID in different LPP messages, similar to the fact that the same TEG ID should not be used to indicate the “same/close” transmission timing error across different transmission occasions, irrespective of the same SRS resource or different SRS resources (associated with the same Tx TEG ID). Note that there was also an ongoing discussion on Rx TEG ID reporting in different LPP messaged, which should follow the same logic.
Observation 1: Tx TEG ID should only serve as a virtual group ID, and the mapping between Tx chains and the Tx TEG ID should not be assumed static, and is not required to be reported.
Tx TEG ID can be analogous to the “Rx beam index” defined in Rel-16 DL-AoD measurement reporting.

We use the following two figures to explain our understanding of UE Tx TEG change:
In Figure 1, at Time 1, the SRS resources SRS 1 and SRS 2 is associated with Panel 1 and SRS 3 and SRS 4 are associated with the Panel 2. However, at Time 2, the SRS resources SRS1 and SRS2 are associated with Panel 2 and SRS3 and SRS4 are associated with Panel 1. In this case, if UE reports SRS 1 and SRS 2 are in the same Tx TEG (Tx TEG ID 1), and SRS 3 and SRS 4 are in the same Tx TEG (Tx TEG ID 2), it should not be viewed that the SRS-TEG association has changed. The reason is that SRS resources SRS1 and SRS2 are still within the same TEG group and SRS3 and SRS4 are still within the same group. This kind of swap event will not introduce the timing errors when LMF process the measurements based on the SRS belong to the same TEG group.
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[bookmark: _Ref82701485]Figure 1 Illustration of the SRS-TEG association case 1
In Figure 2, at Time 1, the SRS resources SRS 1 and SRS 2 is associated with Panel 1 and SRS 3 and SRS 4 are associated with the Panel 2. However, at Time 2, the SRS-TEG association has changed to that SRS 1 is associated with Panel 1 whereas SRS2, SRS3 and SRS4 are associated with Panel 2. In this case, if UE reports SRS 1 and SRS 2 are in the same Tx TEG (Tx TEG ID 1), and SRS 3 and SRS 4 are in the same Tx TEG (Tx TEG ID 2), it may be viewed that the SRS-TEG association has changed. However, if UE reports four SRS resources in each of the four Tx TEGs (SRS x in Tx TEG ID x), there should be no SRS-TEG association change.
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Figure 2 Illustration of the SRS-TEG association case 2
It should be clarified that only the case 2 can be considered as the TEG change, and case 1 should be sufficient to cover most of the cases of panel switch. For FR1, with the (quasi-)omni-directional transmission characteristics, it should be typical for UE to only support single Tx TEG associated with multiple SRS transmission in multiple calibrated Tx or separate Tx TEGs each associated with an SRS transmission in any of the uncalibrated Tx.
Observation 2: Although UE may change the SRS transmission panels, it is feasible to maintain the same grouping information for a set of positioning SRS resources.
Proposal 1:  The SRS-TEG association change should be defined as that: at least two SRS resources that used to belong to a same TEG no longer belong to a same TEG.

SRS - Tx TEG association reporting
For the reporting of the SRS-TEG association, from the RAN1’s perspective, the baseline should be that UE reports the SRS-Tx TEG association via RRC during the SRS configuration procedures. After receiving the SRS-Tx TEG association, the gNB can forward the association to the LMF along with the SRS configuration by NRPPa signaling. 
The reason are three-fold. First, for the UE that does not support the LPP protocol, the SRS-Tx TEG association can only be reported via RRC signaling. Second, for the UE without the capability of the detecting the SRS-TEG association change, there is no need for the LMF to request the updated association via LPP when the initial association has been reported during the SRS configuration procedures. Lastly, for the case that the SRS-Tx TEG association is static, UE only needs to report the initial association and do not need to update the association. 
Besides, the configuration of SRS for positioning is not like configuration of MIMO SRS. The configuration of SRS for positioning is only for positioning, during an active LCS procedure, which is triggered via a specific location service type. In most of the location service types demanding high accuracy, immediate location is typical, and thus when the LMF receives the RTOA/AoA measurement, the LMF obtains the location and deactivate all positioning SRS transmission. The gNB may then release the positioning SRS configurations to the UE, since they are no along useful. During the relative short periodic of time of an active LCS procedure, frequently changing SRS-TEG association lacks justification and may compromise the measurement conducted at the gNB. For deferred MT-LR with periodical events, using the periodic positioning SRS matching the periodical event is subject to RAN2/SA2 discussion.
Proposal 2:  The SRS-TEG association reported via RRC is supported.
UE may be requested in RRCReconfiguration message to provide the SRS-TEG association in the RRCReconfigurationComplete message.

Positioning SRS with antenna switching
Since the enhancement of timing error mitigation for the MIMO SRS has not been agreed due to the concerns of affecting the original communication purpose, here we propose to extend the positioning SRS for antenna switching transmission. There are mainly two benefits for this enhancement. 
First, transmitting the positioning SRS associated to different ports enables UE to sweep the Tx TEGs. In this way, the gNB obtains the RTOA measurements associated to different Tx TEGs. By comparing the different RTOA, the timing error between different Tx TEG can be further estimated and be calibrated, which is beneficial for improving the positioning accuracy.
Second, spatial diversity gain can be obtained which is beneficial for improving the positioning accuracy. Due to the radiation pattern of the antenna elements, the gNB at certain direction from the UE may receive the SRS with only limited LOS strength but higher NLOS strength, i.e., the typical weak LOS situation. Due to that the radiation pattern of different antenna elements could be complementary to each other at different directions, the weak LOS path problem could be effectively eliminated by joint processing. 
Based on the above two benefits, we propose to extend the antenna switching scheme to the positioning SRS.
Proposal 3: Support positioning SRS with antenna switching as an optional UE capability.
Introduce a new parameter for the positioning SRS resource set indicating “antenna switching”, and each positioning SRS resource in the set is associated with a different UE antenna port.
Introduce a new UE capability of antenna switching for positioning SRS resource, indicating
· The number of positioning SRS resources in the positioning SRS resource set configured with “antenna switching”
· The switching period follows the existing MIMO SRS antenna switching (15us as per R1-1710048).

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. 
Utilizing the MIMO SRS for positioning purpose provide several benefits to the network and positioning. From the network aspect, in the resource limited situation where the serving gNB has only limited positioning SRS resource to allocate, the MIMO SRS can be reused for the positioning measurement. Hence, the network efficiency, including spectral efficiency and data transmission rate could be improved since the positioning SRS occupied resources could be saved. From the positioning aspect, the utilization of the MIMO SRS for RTOA measurement provides additional spatial diversity gain, since the MIMO SRS could be configured for multiple usage and could be transmitted with multiple ports simultaneously. In this regard, the positioning accuracy could be improved as well.
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 propose that the gNB should be able to report the associated SRS port ID of the RTOA measurements.
Proposal 4:  Support gNB to report the associated SRS port ID of the RTOA measurement along with the SRS resource ID/resource set ID, when the measurements are based on multi-port SRS (e.g. MIMO-SRS). 
The port index may take the value {0, 1, 2, 3} to map to the SRS ports {1000, 1001, 1002, 1003}, respectively.
Note: The use of SRS for MIMO resource is transparent to the UE.

Measurement window configuration
In RAN1#106e [2], we have the following agreement about the measurement window configuration.
	Agreement:
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.



In our opinion, to mitigate the timing error and align the measurement time window of UE and gNB, both option 1 and option 2 should be supported. This is especially crucial to UL related methods, where UE may adjust its UL transmission timing and the TRPs conducting the measurement are distributed without standard information exchanged with each other. This is in contrast to DL where all the information are available at UE. For multi-RTT, the window can align the measurement time between UE and TRP so that the measurement instances of UE and TRPs with Rx – Tx time difference can be close to reduce the potential timing error.
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Figure 3 Multiple measurement instances
By configuration the measurement window for UE and gNB to confine the measurement instances, the timing error could be effectively alleviated.
Proposal 5: Support both Option 1 and option 2 for MTW configuration of UE and gNB, respectively.
The configuration of MTW depends on the reporting type. For one-shot reporting, the MTW is one-short, and for periodic reporting, the MTW should be periodic.
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.






Likewise in NRPPa, the reporting period can be 120ms, 240ms, 480ms, 640ms, 1024ms, 2048ms, 5120ms, 10240ms, 2048ms, 40960ms, 1min, 6min, 12min, 30min, 60min, some of which cannot divide or be divided by 10.24s SFN period.
	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) 
	The codepoint 60min is not applicable
	YES
	reject



So for periodic reporting in both LPP/NRPPa, the periodicity of the MTW should be configured to a number close to the reporting interval, 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.
Since all those numbers comes for the core network, it is preferred to use system frame duration (10msec) as the unit.
Proposal 6: 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 internal, which is the multiple of PRS/SRS periodicity and can divide or can be divided by 10.24s SFN period.

Conclusion
In this contribution, we have the following proposals regarding positioning enhancement in Rel-17.
Observation 1: Tx TEG ID should only serve as a virtual group ID, and the mapping between Tx chains and the Tx TEG ID should not be assumed static, and is not required to be reported.
Tx TEG ID can be analogous to the “Rx beam index” defined in Rel-16 DL-AoD measurement reporting.
Observation 2: Although UE may change the SRS transmission panels, it is feasible to maintain the same grouping information for a set of positioning SRS resources.
Proposal 1:  The SRS-TEG association change should be defined as that: at least two SRS resources that used to belong to a same TEG no longer belong to a same TEG.
Proposal 2:  The SRS-TEG association reported via RRC is supported.
UE may be requested in RRCReconfiguration message to provide the SRS-TEG association in the RRCReconfigurationComplete message.
Proposal 3: Support positioning SRS with antenna switching as an optional UE capability.
Introduce a new parameter for the positioning SRS resource set indicating “antenna switching”, and each positioning SRS resource in the set is associated with a different UE antenna port.
Introduce a new UE capability of antenna switching for positioning SRS resource, indicating
· The number of positioning SRS resources in the positioning SRS resource set configured with “antenna switching”
· The switching period follows the existing MIMO SRS antenna switching (15us as per R1-1710048).
Proposal 4:  Support gNB to report the associated SRS port ID of the RTOA measurement along with the SRS resource ID/resource set ID, when the measurements are based on multi-port SRS (e.g. MIMO-SRS). 
The port index may take the value {0, 1, 2, 3} to map to the SRS ports {1000, 1001, 1002, 1003}, respectively.
Note: The use of SRS for MIMO resource is transparent to the UE.
Proposal 5: Support both Option 1 and option 2 for MTW configuration of UE and gNB, respectively.
Proposal 6: 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 internal, which is the multiple of PRS/SRS periodicity and can divide or can be divided by 10.24s SFN period.
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