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Introduction
In March, RAN#91 approved the positioning enhancement WI update [1] with the following objective.
	· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1, RAN2, RAN3, RAN4]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions



In this paper, we discuss the potential enhancements on methods to mitigate UE/gNB Rx/Tx timing errors.

TEG support for MIMO-SRS
In RAN1#104b-e meeting, the following agreement was made to mitigate the UE Tx timing errors and/or TRP Rx timing errors for UL TDOA.
	Agreement:
Support the following for mitigating UE Tx timing errors and/or TRP Rx timing errors for UL TDOA
· Support a TRP to provide the association information of RTOA measurements with TRP Rx TEG(s) to the LMF when the TRP reports the RTOA measurements to the LMF if the TRP has multiple Rx TEGs
· Support a UE to provide under capability the association information of UL SRS resources for positioning with Tx TEGs to the LMF if the UE has multiple Tx TEGs
· FFS: Whether to support a UE to provide the association information of UL SRS resources for MIMO with Tx TEGs to the LMF if the UE has multiple Tx TEGs
· FFS: Whether the association information is sent directly from UE to LMF, or is first provided to gNB and then forwarded to LMF;  
· FFS: the details of the Signaling, procedures, and UE capability



The issue whether to support a UE to provide the association information of UL SRS resources for MIMO with Tx TEGs to the LMF if the UE has multiple Tx TEGs was discussed. We elaborate our opinion in the following.
Feasibility for extending the enhancement to the MIMO SRS
MIMO SRS was introduced for supporting the positioning purpose in Rel-16 as the section 9.2.28-9.2.29 in [2] shows. This kind of support of utilizing the MIMO SRS for the positioning purpose is transparent to the UE. During the positioning information exchange procedures between the gNB and the LMF, the gNB will  make the decision whether to provide the MIMO SRS configuration to the LMF for potential positioning purpose if the MIMO SRS has been configured.
MIMO SRS transmitted from the UE also experienced the timing error and the TEG grouping, as already defined in RAN1#104.
	· UE Tx ‘timing error group’ (UE Tx TEG): A UE Tx TEG is associated with the transmissions of one or more UL SRS resources for the positioning purpose, which have the Tx timing errors within a certain margin.



The MIMO SRS has different “explicit usages”, including codebook, non-codebook, beam management, and antenna switching. Normally in Rel-16 where the target accuracy is only 3 meters or 10 meters, there is no such requirement to identify the group delay between different SRS resources or SRS ports. However, when the higher accuracy in Rel-17 is required, it can no longer be ignored.
Codebook
· UE may be configured with multi-port SRS resources and UE will set its port virtualization methods to map the SRS ports to the RF chains. Providing the TEG information associated with SRS ports/SRS resources will be useful, otherwise TRP/LMF would only have to assume that the ports/resources are from different TEGs.
Non-codebook
· UE may be configured with multiple single-port SRS resources, each associated with a DL RS for precoder determination. This can be helpful for intra-cell multi-TRP positioning. Providing the TEG information associated with SRS resources will be useful, otherwise TRP/LMF would only have to assume that the SRS resources are from different TEGs.
Beam management
· UE may be configured with multiple SRS resources in FR2, where different SRS resource sets normally corresponds to different UE Tx panel. Providing the TEG information associated with SRS resource sets will be useful, otherwise TRP/LMF would only have to assume that the SRS resources sets are from different TEGs.
Antenna switching
· UE may be configured with multiple SRS resources/resource sets for antenna switching for the purpose of channel reciprocity. This explicitly requests UE to sweep all its antennas to transmit the SRS, and is beneficial for neighboring TRPs to receive the SRS for spatial diversity. Providing the TEG information associated with SRS ports/SRS resources will be useful, otherwise TRP/LMF would only have to assume that the SRS ports/SRS resources are from different TEGs.
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[bookmark: _Ref70320613]Figure 1: Illustration of 2-Tx UE transmit a 2-port MIMO SRS
In the example shown in the Figure 1, a 2-Tx UE transmits a 2-port MIMO SRS resource SRS. Port 1000 is mapped to the physical antenna Tx1, whereas Port 1001 is mapped to the physical antenna Tx 2.
It is noted that the two antennas are connected to independent RF chains. In the case that the timings of Tx1 and Tx2 are calibrated separately, there would be some timing error between the Port 1000 and Port 1001 within certain margin. When the RTOA measurements are obtained based on the 2-port SRS, the port-level timing error would degrade the positioning performance if the TOAs are treated from a single TEG.

Efficiency and Accuracy Benefit
Introducing the MIMO SRS for positioning purpose has no harm to the original usage of the MIMO SRS but benefits on the positioning performance. 
First, utilizing the MIMO SRS for positioning provides the networks more measurements, which has several potential benefits. On one hand, in the positioning SRS limited situations where the serving gNB could only allocate limited positioning SRS resources for positioning, the MIMO SRS can complement the shortness of positioning SRS and provide more measurements for filtering or smoothing to improve the timing accuracy. On the other hand, the RTOA measurements obtained from different ports/TEG of MIMO SRS could be used for the UE Tx timing error estimation between different RF chains, which benefit the positioning when only single port can be configured for transmitting positioning SRS.
Second, due to the various usage of the MIMO SRS, such as beam management, codebook, non-codebook, and antenna switching, the utilizing of MIMO SRS for positioning provides additional spatial diversity gain. In the case that some TRPs locate at the direction of weak channel gain of the UE positioning SRS but higher channel gain of UE MIMO SRS (2-port MIMO SRS is configured for codebook based UL MIMO of a 2-Tx UE and the two ports are mapped to the 2 Tx, respectively), the RTOA measurements obtained based on the positioning SRS may have lower quality than that based on the MIMO SRS. In this case, utilizing the MIMO SRS would improve the positioning accuracy.

Small Impact from the UE side 
As mentioned above, the current utilizing of the MIMO SRS for positioning purpose is determined by the network and transparent to the UE, i.e., UE has no knowledge that its MIMO SRS resources will be used for positioning or not. Hence, this kind of transparent usage almost has no effects on the UE side. 
If reporting TEG for MIMO SRS by the UE is supported, from the UE side, UE will be requested to report the association of the MIMO SRS with Tx TEG under the condition that UE has multiple Tx TEGs and UE supports the TEG reporting feature.
We would like to note that
On one hand, the reporting signaling itself can be an optional UE feature, i.e. UE not supporting this feature, even if requested by the network, may choose to ignore the request and report nothing at all. 
On the other hand, the optimization of MIMO SRS transmission can be another optional UE feature (transparent to the gNB), i.e. UE not supporting this feature, even if requested by the network, may focus on the transmission scheme for original usage of MIMO SRS regardless of positioning performance. The network would exploit the MIMO SRS opportunistically.
In summary, we do not think that there should be any requirement for the UE to optimize the MIMO SRS transmission for positioning benefits, but rather to optionally report the consequence of the transmission subject to its capability.
In addition, it was also proposed during the SI [5] to request using MIMO SRS being non-transparent to the UE, e.g. UE is aware of MIMO SRS being used for positioning purposes, in which case the requesting for report can serve such non-transparency and give the opportunity for UE to optimize the SRS transmission scheme if any.
Based on the discussion, we have the following proposal.
Proposal 1:  Support UE to be requested to report TEG information for MIMO SRS.
Note 1: This is an optional UE feature.
Note 2: The request of TEG information can serve as the functionality of informing UE of MIMO SRS used for positioning.
Note 3: Associating MIMO SRS with TEG in Rel-17 does not affect/restrict UE implementation of MIMO SRS transmission, i.e., legacy UE implementation of MIMO SRS can be inherited. 

Enhancing gNB reporting on SRS resource ID and port ID
As illustrated before, there could different Tx timing error between different SRS resources or even between different SRS ports, to mitigate the timing error, gNB should be allowed to report multiple UL RTOA/gNB Rx – Tx time difference measurements based on different SRS resources or on different SRS ports from the same or different SRS resources. This can be independent from UE reporting its Tx TEG info to the LMF, and can be thus transparent to the UE. 
In addition, from the LMF side, if the RTOA measurement is from the same SRS resource or from the same port of the same or different SRS resources, the Tx timing error can be cancelled. In addition, if UE also reports whether different SRS resources or different SRS ports in an SRS resource are from the same TEG, more advanced Tx timing error cancelling can be possible. 
In summary, we think that it should support the gNB to report the associated SRS ID and port ID of the RTOA measurements.
Proposal 2:  Support gNB to report the associated SRS resource ID and port ID of the RTOA measurement.

TEG Report for Multi-RTT
In RAN1#104b-e meeting, the following agreement was made to mitigate the UE/TRP Tx/Rx timing errors for DL+UL positioning..
	Agreement:
For mitigating UE/TRP Tx/Rx timing errors for DL+UL positioning, support one of the following alternatives:
· Alt.1: Support a UE to provide the association information of a UE Rx-Tx time difference measurement with a pair of {Rx TEG, Tx TEG} to LMF, where the Rx TEG is used to receive the DL PRS and the Tx TEG is used to transmit the UL Positioning SRS;
· Alt.2: Support a UE to provide the association information of a UE Rx-Tx time difference measurement with a UE RxTx TEG to LMF according to the one of the 2 following options: 
· Option 1: the UE RxTx TEG is associated with one or more {DL PRS resource, UL Positioning SRS resource} pairs
· FFS:  whether UE provides the association information of DL PRS resources to UE Rx TEG to LMF for UE RxTx measurements specifically
· Option 2: the UE RxTx TEG is associated with one or more {Rx TEG, Tx TEG} pairs where the Rx TEG is used to receive the DL PRS and the Tx TEG is used to transmit the UL Positioning SRS.
· For both alternatives, the UE may provide the association information of SRS resources for positioning to UE Tx TEG to LMF
· FFS: Whether the association information is sent directly from UE to LMF, or is first provided to gNB and then forwarded to LMF
· FFS: the details of the signalling, procedures, and UE capability

Agreement:
For mitigating UE/TRP Tx/Rx timing errors for DL+UL positioning, support one of the following alternatives:
· Alt.1: Support a gNB to provide the association information of a gNB Rx-Tx time difference measurement with a pair of {Rx TEG, Tx TEG} to LMF 
· Alt. 2: Support a gNB to provide the association information of a gNB Rx-Tx time difference measurement with a TRP RxTx TEG to LMF, if the TRP has multiple RxTx TEGs, according to the one of the 2 following options: 
· Option 1: the TRP RxTx TEG is associated with one or more {DL PRS resource, UL Positioning SRS resource} pairs
· FFS:  whether gNB provides the association information of UL Positioning SRS resources to TRP Rx TEG to LMF, if the TRP has multiple Rx TEGs, for gNB RxTx measurements specifically.
· Option 2: the TRP RxTx TEG is associated with one or more {Rx TEG, Tx TEG} pairs where the Rx TEG is used to receive the UL Positioning SRS and the Tx TEG is used to transmit the DL PRS.
· For both alternatives, the gNB may provide the association information of DL PRS resources to TRP Tx TEG to LMF if the TRP has multiple Tx TEGs.
· FFS: the details of the signalling, procedures




To mitigate the Rx/Tx timing errors, both the gNB and UE have two choices: 
provide the association information of the Rx-Tx time difference measurement with a pair of {Rx TEG, Tx TEG} to LMF
provide the association information of the Rx-Tx time difference measurement with a TRP/UE RxTx TEG to LMF
For the multi-RTT positioning method, the Rx and Tx timing error could be viewed as a whole affecting the Rx-Tx time difference. In this situation, the manufacture of the UE and TRP can perform internal round-trip calibration to maintain that the Rx+Tx timing errors from different Rx and Tx RF chains are within certain margin and hence belong to the same TEG. For example, Rx1 and Rx2 belong to different Rx TEGs and Tx1 and Tx2 belong to different Tx TEGs. After internal round-trip calibration, Rx1+Tx1 and Rx2+Tx2 have the same residual group delay error and belong to the same RxTx TEG. On the other hand, during the positioning procedures, the LMF may care more about the Rx+Tx timing errors rather than Tx timing error or Rx timing error. Hence, we think that reporting a Rx-Tx time difference measurement with the corresponding RxTx TEG to LMF provide sufficient flexibility at both UE and TRP.
Proposal 3:  Support
A UE to provide the association information of a UE Rx-Tx time difference measurement with a UE RxTx TEG to LMF.
A gNB to provide the association information of a gNB Rx-Tx time difference measurement with a TRP RxTx TEG to LMF, if the TRP has multiple RxTx TEGs.
For reporting the RxTx TEG, there are two options,
Option1: the RxTx TEG is associated with one or more {DL PRS resource, UL Positioning SRS resource} pairs.
Option2: the RxTx TEG is associated with one or more {Rx TEG, Tx TEG} pairs.
There is no fundamental difference between the two options. However, before making any down-selection, we suggest to clarify what is required in the Multi-RTT positioning measurement report.
For the Multi-RTT measurement currently UE will report UE Rx – Tx time difference measurement for a DL PRS resource ID. In addition, if UE reports additional RxTx TEG ID, without reporting anything, it will be hard the LMF to know which {Rx, Tx} pair is associated with the RxTx TEG, so that in case SRS is transmitted from two Tx TEGs, LMF may not know which SRS should be received by the corresponding TRP.
As shown in Figure 2, the UE has 2 Rx chains (R1, R2), and 2 Tx chains (T1, T2). R1T1 and R2T2 are calibrated so that the R1T1 and R2T2 are in the same RxTx TEG (RT1). We do not need to mention it, but it is obvious that R1T2 and T1R2 should be in different RxTx TEG, namely RT2, RT3, respectively.
In a multi-RTT report, UE will receive PRS1 from TRP1 and PRS2 from TRP2, using R1 and R2, respectively. UE will also transmit SRS1 and SRS2 using T1 and T2, respectively.
Firstly, UE will report the SRS-TxTEG association to the LMF.
Then, the multi-RTT measurement report
· For TRP#1, UE reports
· RxTxTD1 associated with PRS1 using RT1
· For TRP#2, UE reports
· RxTxTD2 associated with PRS2 using RT1
Then from LMF perspective, it is not clear whether SRS1 or SRS2 should be received by TRP2, because reporting single RxTx TEG ID i.e., RT1 does not provide any information which Rx and Tx are associated with the measurement, while in reality, only the gNB Rx – Tx time difference measurement based on SRS2 makes sense.
In order to void such an ambiguity from happening, UE should either report SRS resource ID or the Tx TEG ID associated with UE Rx – Tx time difference measurements, which results in the down-selection between the two options.
In our view, reporting Tx TEG ID can further reduce overhead compared to reporting SRS resource set/resource ID, given that UE has already reported Tx TEG association with the SRS resource.
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[bookmark: _Ref67746908]Figure 2 Measurement restriction with introduction of the RxTx TEG

Proposal 4:  Support reporting association of UE Rx – Tx time difference, UE RxTx TEG and UE Tx TEG in the multi-RTT measurement reporting.
1. Note: this implies that a RxTx TEG is associated with multiple pairs of Rx TEG and Tx TEG, where the Rx TEG is not explicitly reported.

Single MR to include multiple MO
In RAN#104-e [4], 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 be further enhanced to support DL measurement.
[image: ]
Figure 3 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 1: Specifying a measurement time window configuration lacks justification.
For the relation 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 4.
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[bookmark: _Ref67749434]Figure 4 Illustration of scattering measurement instances and RS instances
This is because of localized measurement instance, the reported measurement is 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 5.
[bookmark: _GoBack][image: ]
[bookmark: _Ref67749424]Figure 5 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 2: 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 5: 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.

Reference Device 
In RAN1#104-e [3], we made the following agreement regarding reference device.
	Agreement:
· Study specification impact for enabling a reference device with known location to support the following functionalities:
· Measure DL PRS and report associated measurements (e.g., RSTD, Rx-Tx time difference, RSRP) to the LMF;
· Transmit SRS and enable TRPs to measure and report measurements (e.g., RTOA, Rx-Tx time difference, AOA) associated with the reference device to the LMF;
· FFS: The details of the signalling, the measurements, the parameters related to the Rx and Tx timing delays, AoD and AOA enhancements and measurement calibrations;
· FFS: The report of device location coordinate information to the LMF if the LMF does not have the information
· FFS: The device with the known location being a UE and/or a gNB
· FFS: Precision to which location of reference device is known
· Note: RAN1 assumes using these enhancements for the purpose of network synchronization is NOT within the scope of the WI



And in RAN1#104b-e, the above issues have been discussed vigorously, and most companies believe that reference devices (especially reference UEs) can help mitigate the Rx/Tx timing error. However, a few companies still think that this enhancement feature has no impact on standards, and the precise location of the reference UE is difficult to obtain.
We still think that the reference device should at least be a UE, and some spec enhancement is needed. If the reference device is a reference UE (especially a moving reference UE), the ground truth location information should be reported to the LMF if the LMF does not have the information. So, the LMF can estimate the gNB Tx/Rx timing error difference according to the real TOA/TDOA calculated by the ground truth location of the reference UE. Actually, there are existing LPP messages to carry the location coordinate information and the source of location of the UE, such as a-gnss, wlan, bt, tbs, sensor, ha-gnss-v1510, motion-sensor-v1550, dl-tdoa-r16, or dl-aod-r16. Considering the location of the reference UE may be some predefined or fixed geographic coordinate point, not estimated by other positioning methods, it is proposed to add another source for the location information. So the LMF realize the coordinate information can be used to calculate the Rx/Tx timing error difference.
Observation 3: LPP signaling support UE to report location coordinate information and the source of location to LMF.
Proposal 6: Support to reuse the LPP signaling to provide the location coordinate information of the reference UE and add a new location source to indicate where the information come from.
From our understanding, the precise location of the reference UE can be solved by implementation. The location of the reference UE can be obtained via RAT independent methods, such as GNSS/RTK for outdoor scenario and LIDAR for indoor scenario, or even RAT independent methods that is robust to the timing error, such as angle-based methods.
Observation 4: The precision of the ground truth location of reference UE can be satisfied by implementation method such as GNSS/RTK, LIDAR, or angle-based methods.
Besides, there may be additional specification impact on stage-2 LCS procedure to initiate calibration procedure, which is different from the traditional LCS request (MT-LR, MO-LR). SA2 can be involved to specify the procedure, if needed.

Conclusion
In this contribution, we discussed the enhancements to mitigate gNB and UE Rx/Tx timing error, and had the following observations and proposals.
Observation 1: Specifying a measurement time window configuration lacks justification.
Observation 2: Single positioning frequency layer and CSSF = 1 should be prioritized for PRS measurement reporting enhancement for simplicity.
Observation 3: LPP signaling support UE to report location coordinate information and the source of location to LMF.
Observation 4: The precision of the ground truth location of reference UE can be satisfied by implementation method such as GNSS/RTK, LIDAR, or angle-based methods.

Proposal 1:  Support UE to be requested to report TEG information for MIMO SRS.
Note 1: This is an optional UE feature.
Note 2: The request of TEG information can serve as the functionality of informing UE of MIMO SRS used for positioning.
Note 3: Associating MIMO SRS with TEG in Rel-17 does not affect/restrict UE implementation of MIMO SRS transmission, i.e., legacy UE implementation of MIMO SRS can be inherited. 
Proposal 2:  Support gNB to report the associated SRS resource ID and port ID of the RTOA measurement.
Proposal 3:  Support
A UE to provide the association information of a UE Rx-Tx time difference measurement with a UE RxTx TEG to LMF.
A gNB to provide the association information of a gNB Rx-Tx time difference measurement with a TRP RxTx TEG to LMF, if the TRP has multiple RxTx TEGs.
Proposal 4:  Support reporting association of UE Rx – Tx time difference, UE RxTx TEG and UE Tx TEG in the multi-RTT measurement reporting.
1. Note: this implies that a RxTx TEG is associated with multiple pairs of Rx TEG and Tx TEG, where the Rx TEG is not explicitly reported.
Proposal 5: 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.
Proposal 6: Support to reuse the LPP signaling to provide the location coordinate information of the reference UE and add a new location source to indicate where the information come from.
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