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Introduction
In RAN1#105e, techniques of mitigating UE and gNB Rx/Tx timing errors have been discussed and some agreements have been made. In this contribution, we further discuss the enhancements of mitigating the Rx/Tx timing errors for UL-TDOA and Multi-RTT positioning methods.

Mitigation of UE Tx timing errors
The following agreement was made in RAN1#105-e [3] with regard to the UE Tx timing error mitigation:
	Agreement:
· 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 neighbouring 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 neighbouring 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



UL TDOA measurement reporting
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 potentially increased as well.
Some companies concerned supporting MIMO SRS for TEG reporting may impact the UE implementation. However, exploiting the benefit of TEG information associated to MIMO SRS for network without impact to the UE should be allowed.
Observation 1: It should be allowed for the network to benefit from TEG related features for using MIMO-SRS.
One of the major difference between the MIMO SRS and the positioning SRS is that MIMO SRS can be configured with multi-port transmission whereas the positioning SRS could only be configured with single-port transmission. For the multi-port MIMO SRS, the reference signals would be transmitted via different ports. In practice, different ports are generally mapped to different antenna elements with independent RF chains. In this case, the SRS transmitted via different ports would be associated with different timing errors, i.e., the timing error is port-specific. One example is illustrated in the following:
[image: ]
[bookmark: _Ref70320613]Figure 1 Illustration of 2-Tx UE transmit a 2-port MIMO SRS
In this example, the UE transmit a two-port MIMO SRS resource via the two ports, port 1000 is mapped to antenna element Tx1 while port 1001 is mapped to antenna element Tx 2. The two antenna elements Tx1 and Tx2 are connected to independent RF chains. Hence, we can say that the SRS transmitted via port 1000 is associated with Tx TEG1 and the SRS transmitted via port 1001 is associated with Tx TEG2. 
If the network is using MIMO SRS for positioning, in order to mitigate the UE Tx timing error, it is agreed that the gNB should report the associated SRS resource ID/resource set ID of the RTOA. Since the timing error for the MIMO SRS is port-specific as Figure 1 shows, it is necessary for the gNB/TRP to report the associated SRS port of the RTOA. By reporting the associated SRS port, the LMF could group all the RTOA measurements according to the different SRS ports and mitigate the Tx timing error within the same group by the differential methods. Hence, we propose that the gNB should be able to report the associated SRS port ID of the RTOA measurements.
Proposal 1:  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

SRS-TEG association reporting
For the reporting of the SRS-TEG association, based on the agreement there are two options. In option 1, UE reports the SRS-TEG association to LMF directly. In option 2, the UE reports the SRS-TEG association to gNB and gNB forwards the association to the LMF.
In our opinion, the reporting of the SRS-TEG association depends on the characteristics of the Tx TEG. In the case that the Tx TEG is static, the SRS-TEG association can be provided to the gNB during the SRS configuration procedures via RRC signaling and the gNB can forward it to the LMF along with the positioning information via NRPPa. The indication of static characteristic can be reported along with the association via RRC+NRPPa path. The LMF is aware of this characteristic and will not request the gNB or UE to update the association. Hence, the signaling overhead can be saved. In addition, for UL positioning methods, UE is not required to support LPP, so reporting SRS-TEG association via RRC can still maintain such property for the UE.
In the case that the Tx TEG is dynamic, which means the SRS-TEG association might change during the SRS transmission. In this case, the LMF might request the UE to provide the association when it is needed via the LPP path. To enable the LMF request the UE to report the SRS-TEG association in LPP, indication of dynamic characteristic should be supported via RRC+NRPPa path during the initial SRS configuration and positioning information exchange procedures. 
For the RRC message to contain either the SRS-TEG association with indication of static characteristics or the indication of dynamic characteristics that implies further update to be provided by LPP, we assume RRCReconfigurationComplete message should be a natural choice so that gNB can feedback the association timely to the LMF in the NRPPa POSITIONING INFORMATION RESPONSE message.
Hence for the SRS-TEG association, we have the following proposal:
Proposal 2: Support UE to provide the SRS-TEG association to gNB and gNB forward the association to LMF if the association is static.
The RRC message can be RRCReconfigurationComplete.
Proposal 3: Support UE to provide the SRS-TEG association directly to LMF per LMF request if the association is dynamic.
In this case, UE should indicate to gNB that the SRS-TEG association can be dynamic in the RRCReconfigurationComplete message.

Positioning SRS with antenna switching
In 3GPP RAN1#105e, the enhancement of MIMO SRS Tx timing errors was discussed [1]. Utilizing the MIMO SRS for the positioning purpose has various benefits, such as higher network efficiency and higher positioning accuracy due to the spatial diversity incurred by the various usage. In addition, the MIMO SRS provides the possibilities for the LMF to estimate the timing error differences between different Tx TEGs. One of the typical positioning use case with MIMO SRS is antenna switching, in which UE will transmit the SRS signals from different antenna ports.
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 4: Support positioning SRS with antenna switching.
   
Multi-RTT TEG reporting
In RAN#105-e, the following agreement regarding Tx/Rx TEG reporting for the DL+UL positioning was made.
	Agreement:
For mitigating UE Tx/Rx timing errors for DL+UL positioning, a UE may support, up to UE capability, one or both of the following options:
· Option 1: Reporting of UE RxTx TEG ID is supported by the UE
· FFS: Further details on how the RxTx TEG IDs are related/associated to Tx TEG IDs and/or Rx TEG IDs and to the Rx-Tx measurements. 
· Option 2: Reporting of UE RxTx TEG ID is not supported by the UE; reporting of Rx TEG ID and Tx TEG ID is supported. 
· In either option, a Tx TEG ID is associated with (downselection needed)
· Alt. 1: an UL SRS resource for positioning corresponding to the Tx timing of the Rx-Tx measurement
· Alt. 2: the Tx timing of the Rx-Tx measurement
· Alt. 3: one or more UL SRS resources for positioning
· Note: An Rx TEG ID is associated with one DL PRS resource (or more DL PRS resources) corresponding to the Rx time of the measurement
· FFS: How to resolve potential mismatch between UE and gNB Rx-Tx time difference measurements (e.g. UE provides the UE Rx-Tx measurements associated with a Tx TEG with SRS1, while gNB provides the gNB Rx-Tx measurements with a Rx TEG associated with SRS2).
· FFS: The potential impact and modification on the definition of Rx-Tx time difference measurements.


RRC procedure
In section 2.2, we discussed SRS-TEG association reporting for the UL-TDOA method, in which we think that if the SRS-TEG association is static, specification should allow UE to report SRS-TEG in RRC to the gNB in the RRCReconfigurationComplete message, and that if the SRS-TEG association is dynamic, specification should allow UE to provide indication of dynamic characteristic of association in RRC to the gNB in RRCReconfiguration message. This should also be applicable to Multi-RTT positioning because by that time UE may not be aware of whether the SRS is used for UL-TDOA methods or multi-RTT methods.
Observation 2: Regardless of whether SRS-TEG association is static or dynamic, the SRS-TEG association reporting (static) or dynamic characteristic (dynamic) via RRC+NRPPa should also be applicable to Multi-RTT.

LPP procedure
Overall description
The LPP procedure may include reporting on the following items:
Non-TRP associated information
TRP associated information
For non-TRP associated information, it implies that the information is common to all TRPs or at least common to a group of TRPs. Based on the discussion before, if the SRS-TEG association is dynamic, LMF will request UE to report the association in LPP, similar to UL-TDOA methods.
For TRP associated information, it should imply that the information could be different for each TRP, e.g., the Rx TEG or RxTx TEG associated with the Rx – Tx time difference measurement.
Observation 3: UE TEG information reporting in LPP is composed of non-TRP associated information and TRP associated information.
TRP associated information
RxTEG or RxTxTEG
We think that the current two options are not quite clear. The main bullet reads “both of the following options”, but option 2 clearly precludes option 1 with “Reporting of UE RxTx TEG ID is not supported by the UE”. We understand the intention of the agreement, and thus we suggest the following rewording:
Proposal 5: Update the agreement as below:
	For mitigating UE Tx/Rx timing errors for DL+UL positioning, both the following options are supported subject to UE capability:
· Option 1: Reporting of UE RxTx TEG ID by the UE
· FFS: Further details on how the RxTx TEG IDs are related/associated to Tx TEG IDs and/or Rx TEG IDs and to the Rx-Tx measurements. 
· Option 2: Reporting of Rx TEG ID and Tx TEG ID



TxTEG
For the Tx TEG ID association, there are three alternatives: 
	· In either option, a Tx TEG ID is associated with (downselection needed)
· Alt. 1: an UL SRS resource for positioning corresponding to the Tx timing of the Rx-Tx measurement
· Alt. 2: the Tx timing of the Rx-Tx measurement
· Alt. 3: one or more UL SRS resources for positioning



We suggest to clarify whether the TxTEG reporting is non-TRP associated information or TRP associated information. For Alt.1 and Alt.2 it implies TRP associated information, and for Alt.3 it implies non-TRP associated information.
In general, we think that the Tx TEG association with SRS resources for positioning should anyway be provided by RRC during SRS configuration (static association) or by LPP as part of the non-TRP associated information (dynamic association). However, we also think additional TxTEG ID reporting is also needed for each Rx – Tx time difference measurement as part of TRP associated information, so that LMF could get the link between UE Rx – Tx time difference measurement and SRS resources transmission, which further connects the gNB Rx – Tx time difference measurement that is labeled with SRS resources ID to resolve the mismatch shown in Figure 2.
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[bookmark: _Ref78450562]Figure 2 Measurement restriction with introduction of the RxTx TEG
Proposal 6: Support Tx TEG association with positioning SRS resource reported as part of non-TRP associated information, and Tx TEG association with UE Rx – Tx time difference measurement reported as part of TRP associated information. 
Note that the same Tx TEG ID is used to link the measurement Tx time and the corresponding positioning SRS resource(s).
General information structure
Based on the discussion, we have the following Figure 3 to show our preference with regard to Multi-RTT positioning TEG information reporting by the UE.
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[bookmark: _Ref78453354]Figure 3 Signaling information structure

Proposal 7: Adopt the signaling structure for NR-Multi-RTT-SignalMeasurementInformation IE to include both non-TRP associated information and TRP associated information, where Tx TEG ID is used to link the measurement timing to the SRS resources.

Single MR containing multiple MOs
In RAN#104-e [2], the following agreement regarding reporting enhancement was made.
	Agreement:
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
· FFS: The measurement instances are within a [configured] measurement time window
· FFS: Each UE measurement instance can be configured with N instances of the DL-PRS Resource Set
· FFS: N (including N=1)
· FFS: Each TRP measurement instance can be configured with M SRS measurement time occasions
· FFS: M (including M=1)
· FFS: details of signalling, procedures, and UE capability if any
· FFS: whether and how to consider the additional enhancement related to measurement reporting of multi-paths and quality metric
· Note 1: A measurement instance refers to one or more measurements, which can either be the same or different types, which are obtained from the same DL PRS resource(s), or the same UL SRS resource(s).
· Note 2: This enhancement has no intention to change the mapping of measurement types to Rel-16 positioning techniques and no intention to introduce new positioning techniques either.



The initial motivation of reporting multiple instances is to reduce the impact from UE Tx timing jittering, due to e.g. TA. The jittering will impact the filtering at gNB side, since different filtering algorithm at gNB side will result in different UL TDOA measurement and/or RTT measurement. Of course the enhancements can also be applicable to DL measurement.
[image: ]
Figure 4 Illustration of Tx jittering and the impact on the TOA measurement

For the configured measurement window in the FFS, it is not clear why this window is needed. The measurement is carried out throughout the entire measurement process starting from the measurement request and measurement response.
Observation 4: Specifying a measurement time window configuration lacks justification.
For the relationship between the measurement instance and the RS instances (PRS/SRS), one general principle should be that the measurement instances in the reporting should be scattering as much as possible, as shown in Figure 5.
[image: ]
[bookmark: _Ref67749434]Figure 5 Illustration of scattering measurement instances and RS instances
This is because for localized measurement instances, the reported measurements are highly correlated, and this “dense” reporting can be replaced by the local averaging, e.g. averaging measurement instance 1 and 2 to merge into a single measurement instance in Figure 6.
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[bookmark: _Ref67749424]Figure 6 Illustration of localized measurement instances and RS instances
For PRS measurement, the grouping of RS instances and measurement instances may be a little bit complicated, due to the following reasons.
· PRS measurement may consist of multiple positioning frequency layers
· PRS measurement may share the measurement gap with RRM measurements
In Rel-16, a single PRS measurement time requires 4 samples. For the PRS measurement, RAN4 did not define how those 4 samples are scattered in time, and leave it up to UE implementation, as UE needs to handle up to 4 frequency layers and coordinate the measurement process with RRM (SSB/CSI-RS), as mentioned above. For simplicity, we prefer to only prioritize the measurement reporting enhancements to the following conditions.
· Condition 1: Single positioning frequency layer
· Condition 2: CSSF = 1
For SRS, since there is no requirement defined by RAN4, and is up to network implementation.
Observation 5: Single positioning frequency layer and CSSF = 1 should be prioritized for PRS measurement reporting enhancement for simplicity.
For the time stamp, although there is no specific requirement in Rel-16 how time stamp is selected by UE or gNB associated with the measurement, the common understanding of the selection should be the latest RS instance used to generate the measurement report. However, for the enhancement, time stamp selection plays an important rule, which validates the measurement. We would prefer to specify how the time stamp is selected.
Proposal 8: Support for single report containing multiple measurement instances
· Specifying the time stamp selection for each measurement instance.
· Scattering the measurement instances throughout the measurement time.

Conclusion
In this contribution, we have the following observations regarding positioning enhancement in Rel-17.
Observation 1: It should be allowed for the network to benefit from TEG related features for using MIMO-SRS.
Observation 2: Regardless of whether SRS-TEG association is static or dynamic, the SRS-TEG association reporting (static) or dynamic characteristic (dynamic) via RRC+NRPPa should also be applicable to Multi-RTT.
Observation 3: UE TEG information reporting in LPP is composed of non-TRP associated information and TRP associated information.
Observation 4: Specifying a measurement time window configuration lacks justification.
Observation 5: Single positioning frequency layer and CSSF = 1 should be prioritized for PRS measurement reporting enhancement for simplicity.

Proposal 1:  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 2: Support UE to provide the SRS-TEG association to gNB and gNB forward the association to LMF if the association is static.
The RRC message can be RRCReconfigurationComplete.
Proposal 3: Support UE to provide the SRS-TEG association directly to LMF per LMF request if the association is dynamic.
In this case, UE should indicate to gNB that the SRS-TEG association can be dynamic in the RRCReconfigurationComplete message.
Proposal 4: Support positioning SRS with antenna switching.
Proposal 5: Update the agreement as below:
	For mitigating UE Tx/Rx timing errors for DL+UL positioning, both the following options are supported subject to UE capability:
· Option 1: Reporting of UE RxTx TEG ID by the UE
· FFS: Further details on how the RxTx TEG IDs are related/associated to Tx TEG IDs and/or Rx TEG IDs and to the Rx-Tx measurements. 
· Option 2: Reporting of Rx TEG ID and Tx TEG ID


Proposal 6: Support Tx TEG association with positioning SRS resource reported as part of non-TRP associated information, and Tx TEG association with UE Rx – Tx time difference measurement reported as part of TRP associated information. 
Note that the same Tx TEG ID is used to link the measurement Tx time and the corresponding positioning SRS resource(s).
Proposal 7: Adopt the signaling structure for NR-Multi-RTT-SignalMeasurementInformation IE to include both non-TRP associated information and TRP associated information, where Tx TEG ID is used to link the measurement timing to the SRS resources.
Proposal 8: Support for single report containing multiple measurement instances
· Specifying the time stamp selection for each measurement instance.
· Scattering the measurement instances throughout the measurement time.
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