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1 [bookmark: _Ref40390915][bookmark: _Ref189046994]Introduction
The problem of UE Rx/Tx timing differences between different antenna panels was one of the major topics studied in the Rel. 17 positioning enhancement study item and was identified as a serious bottle neck in reaching the full potential of the large bandwidths available for mm-wave positioning. Several techniques for mitigating these problems were also evaluated e.g. in [3]. In the study report, methods, measurements, signaling, and procedures for improving positioning accuracy in the presence of the UE Rx/Tx timing delays, and/or gNB Rx/Tx timing delays were recommended for normative work [2] and at the RAN plenary in December 2020 a Rel. 17 WID for positioning enhancements [1] was approved including the following objective:
· Specify methods, measurements, signaling, 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]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions
Within the WI, agreements have been made to support reporting of Timing Error Group (TEG) associations of timing measurements and reference signal transmissions. This has been shown to give good gains in positioning accuracy but isn’t in itself sufficient to reach Rel. 17 requirements (see Figure 1 and Figure 2). 
In this contribution, we investigate alternative techniques to mitigate the problems with UE Rx/Tx timing differences between different antenna panels and make proposals for what techniques to specify within the work item.
Results are presented (see Figure 1 and Figure 2) showing that the use of timing delay group information in combination with sequential multi-panel (or multi TEG) TX/RX is seen to fully mitigate UE RX/TX timing errors for positioning and to lead to fulfilled requirements in the InF-SH scenario.
[bookmark: _Ref71292354]

2 Mitigating UE Rx timing errors for DL TDOA
2.1 UE RX TEG association reporting
At RAN1#104bis-e the following agreement was made
---------------------------------------------- RAN1#104bis-e agreement ---------------------------------------------
Agreement:
· Support the following for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA
· Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to the LMF when the UE reports the RSTD measurements to the LMF if the UE has multiple TEGs
· [bookmark: _Hlk69244085]Support a TRP providing the association information of DL PRS resources with Tx TEGs to the LMF if the TRP has multiple TEGs
· Support the LMF to provide the association information of DL PRS resources with Tx TEGs to a UE for UE-based positioning if the TRP has multiple TEGs 
· FFS: the details of the signalling, procedures, and UE capability
· Send an LS to RAN4 to check if there is any issue to support the above enhancements
---------------------------------------------- end RAN1#104bis-e agreement ---------------------------------------------
Regarding the first sub-bullet in the agreement
· Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to the LMF when the UE reports the RSTD measurements to the LMF if the UE has multiple TEGs
one should note that the UE needs to provide the TEG association information of the TOA measurement towards the target TRP as well as the TEG association information of the TOA measurement towards the reference TRP. RSTD measurements towards all measured TRPs are reported within the LPP IE NR-DL-TDOA-ProvideLocationInformation utilizing the same reference TRP for all reported RSTD measurements. This isn’t a problem. Based on the TEG association information of the target TRPs and the common reference TRP, the LMF can form RSTDs using any TRP for which there exist a measurement as a reference TRP. E.g. to use TRP b as reference TRP the LMF just subtracts the reported RSTD for TRP b from the RSTD in question:

In this way the LMF can cancel timing error differences. In fact, it’s important to have a common time reference as given by a common reference TRP for all reported RSTD measurements, not to limit LMF implementation flexibility. With a common reference the LMF may for example take into account both TEG associations and time stamps of the RSTD measurements to achieve optimal positioning. We therefore propose that 
[bookmark: _Toc71639021]Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) for both the target and the reference TRP to the LMF when the UE reports the RSTD measurements to the LMF if the UE has multiple TEGs
[bookmark: _Toc71639042]It’s beneficial to use a common time reference, as given by a common reference TRP TOA measurement, for all reported RSTD measurements within a DL TDOA measurement report (i.e. within the LPP IE NR-DL-TDOA-ProvideLocationInformation), just as in Rel. 16. The UE shouldn’t select different reference TRPs for different RSTD measurements. 
2.2 Multiple sequential RSTD measurements towards the same TRP utilizing different RX TEGs
Providing the TEG association information of RSTD measurements gives a remarkable improvement in positioning accuracy in the InF-SH scenario but still fails to fully mitigate the UE RX timing errors and to fulfill Rel. 17 positioning accuracy requirements as can be seen in Figure 1. The reason for this failure is that one TRP per antenna panel is wasted since it’s used as a reference. Thus, as many measurements are lost as there are antenna panels.
[image: ]
[bookmark: _Ref71275908]Figure 1 Utilization of antenna panel (or UE RX TEG) info is seen to give a very big improvement but still fails to fully mitigate the UE RX timing errors and to fulfill Rel. 17 positioning accuracy requirements in the InF-SH scenario. However, the combination of two techniques, 1) utilization of antenna panel (or UE RX TEG) info, and 2) sequentially performing one TOA estimate for each antenna panel towards the same TRP, result in complete mitigation of the UE RX timing errors and fulfillment of Rel. 17 positioning accuracy requirements.
[bookmark: _Hlk71533606]The solution is for the UE to perform multiple sequential RSTD measurements towards the same TRP utilizing different RX TEGs (i.e. different antenna panels) and to report these measurements to the LMF. If the UE manages to make RSTD measurements with two of the antenna panels (or TEGs) towards just one of the TRPs, then the LMF can estimate the timing error difference between the two antenna panels as

The LMF can use the estimated timing error differences to compensate for the timing error differences in positioning the UE and thus removes the need to waste measurements from some TRPs as references. Combining this method with UE RX TEG association signaling results in full mitigation of the UE RX timing errors and fulfillment of the Rel. 17 positioning accuracy requirements in the InF-SH scenario as can be seen in Figure 1. We therefore propose to
[bookmark: _Toc71639022]Support a UE to perform multiple RSTD measurements towards the same TRP utilizing different UE RX TEGs and to report these measurements to the LMF.
To enable this method, the DL PRSs needs to be configured in such a way that it’s possible for the UE to perform multiple RSTD measurements towards the same TRP utilizing different UE RX TEGs (i.e. different antenna panels). Here, one could consider multiple alternatives. The UE could perform the measurements utilizing different UE RX TEGs (i.e. UE antenna panels) based on
1. different DL PRSs transmitted from the same TRP
2. different symbols of the same DL PRS
3. different repetitions of the same DL PRS
4. different occasions of the same DL PRS
5. different DL PRSs transmitted from the same TRP
6. Simultaneous reception of the same DL PRS (for UEs that have such capabilities)
Here we propose that
[bookmark: _Toc71639023]RAN1 to study further under what circumstances the UE should be capable of performing multiple RSTD measurements towards the same TRP utilizing different UE RX TEGs, e.g. if measurements utilizing different UE RX TEGs (i.e. UE antenna panels) can be performed based on 1) different DL PRSs transmitted from the same TRP, 2) different symbols of the same DL PRS, 3) different repetitions of the same DL PRS, 4) different occasions of the same DL PRS, 5) different DL PRSs transmitted from the same TRP, and/or 6) simultaneous reception of the same DL PRS.
More details of the methods described here are given in R1-2103771 [7].
3 [bookmark: _Ref71292371]Mitigating UE Tx timing errors for UL TDOA
3.1 UE TX TEG association reporting
At RAN1#104bis-e the following agreements were made
---------------------------------------------- RAN1#104bis-e agreement ---------------------------------------------

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
---------------------------------------------- end RAN1#104bis-e agreement ---------------------------------------------
Regarding the FFS on where to send the association information
· FFS: Whether the association information is sent directly from UE to LMF, or is first provided to gNB and then forwarded to LMF  
we note that the gNB is controlling the SRS radio resources and should have access to all information that can be useful in controlling interference. We therefore propose that the UE TX TEG association information should be sent by the UE to the gNB and then forwarded to the LMF.
[bookmark: _Toc71639024]The UE TX TEG association of UL SRS transmissions should be sent by the UE to the gNB and then forwarded to the LMF.
Regarding the FFS on support for SRS for MIMO
· 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
we note that large amounts of precious UL resources can be saved if UL SRS resources can be reused for multiple purposes. We therefore propose that
[bookmark: _Toc71639025]The UE can be configured to send TX TEG association reports for all SRS types.
The UE obviously needs to know for which UL SRSs to report the TX TEG association. Thus, we propose
[bookmark: _Toc71639026]The UE can be configured with a list of SRS resource sets for which UE TX TEG association reporting should be performed.
The LMF needs to know the UE TX TEG association of each transmission occasion of each SRS resource. To balance overhead versus latency, it should be possible to configure periodic TX TEG association reports with a configurable periodicity. The reports should include the UE TX TEG association of each transmission occasion of each SRS resource during the reporting period.
[bookmark: _Toc71639027]TX TEG association reports should have a configurable periodicity and the reports should include the UE TX TEG association of each transmission occasion of each SRS resource during the reporting period.
More details of the methods described here are given in R1-2103771 [7].
3.2 [bookmark: _Ref71534817]Transmission of one UL SRS from each UE antenna panel (or UE TX TEGs) towards the same TRP
Providing the TX TEG association information of UL SRS transmissions to the LMF gives a remarkable improvement in positioning accuracy in the InF-SH scenario but still fails to fully mitigate the UE TX timing errors and to fulfill Rel. 17 positioning accuracy requirements as can be seen in Figure 2. The reason for this failure is that one TRP per UE antenna panel is wasted since it’s used as a reference. Thus, as many measurements are lost as there are antenna panels.
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[bookmark: _Ref71286743]Figure 2 Utilization of UE antenna panel (or UE TX TEG) info is seen to give a very big improvement but still fails to fully mitigate the UE TX timing errors and to fulfill Rel. 17 positioning accuracy requirements in the InF-SH scenario. However, the combination of two techniques, 1) utilization of UE antenna panel (or UE TX TEG) info, and 2) sequential transmission of one UL SRS from each UE antenna panel towards the same TRP, result in complete mitigation of the UE TX timing errors and fulfillment of Rel. 17 positioning accuracy requirements.
[bookmark: _Hlk71533917]The solution is to configure the UE to transmit one UL SRS from each of it’s different UE antenna panels (or UE TX TEGs) ‘towards’ the same TRP. If the TRP can hear the SRSs transmitted from two UE different antenna panels (or TX TEGs) and perform the UL RTOA measurement for each of them, then the UE TX timing error difference between the two antenna panels (or UE TX TEGs) can be calculated as the difference between the two UL-RTOA measurements. Note that it’s enough that one TRP can do this to estimate the timing error difference. The LMF can use the estimated timing error differences to compensate for the timing error differences in positioning the UE and thus removes the need to waste measurements from some TRPs as references. Combining this method with knowledge of the UE TX TEG association of SRS transmissions, results in full mitigation of the UE TX timing errors and fulfillment of the Rel. 17 positioning accuracy requirements in the InF-SH scenario as can be seen in Figure 2. 
To enable the method described above the UL SRS needs to be configurable with a spatial relation towards a DL PRS or SSB from a TRP with the additional configuration to utilize a certain UE TX TEG at the UE. The UE will then identify the best RX beam for reception of the DL PRS/SSB using the antenna panel corresponding to the UE TX TEG and use the reciprocal TX beam (using the UE TX TEG) for the SRS transmission.
[bookmark: _Ref71293182][bookmark: _Toc71639028]It shall be possible to configure an SRS with a spatial relation towards a DL PRS or SSB together with a configuration to utilize a certain UE TX TEG.
For an SRS that is configured to utilize a certain UE TX TEG there is obviously no need for the UE to signal which UE TX TEG that has been used for the SRS transmission since that is already known by the network.
[bookmark: _Toc71639043]For SRSs that are configured to utilize a certain UE TX TEG there is no need for the UE to signal which UE TX TEG that has been used for the SRS transmission since that is already known by the network.
The network can configure one SRS for each TRP and UE TX TEG to allow TX timing error difference estimation. If the TX timing errors are reasonably stable over time, such a set of SRSs could be configured with a large periodicity in addition to a normal SRS that is not configured to utilize a certain UE TX TEG to limit the overhead. For the normal SRS that is not configured to utilize a certain UE TX TEG, signaling of the UE TX TEG used for each SRS transmission is needed.
Alternatively, the set of SRSs that are configured to utilize certain delay groups could be used both for TX timing error difference estimation and for positioning. In fact, TX timing error difference estimation and positioning could be performed together. TX timing error differences would then be additional unknowns in addition to the unknown UE-position in the overdetermined equation system resulting from the measurements made. The equation system could then be solved in an optimal way for both position and TX timing error differences. Since only SRSs that are configured to utilize a certain UE TX TEG are used, no signaling of the UE TX TEG used for SRS transmissions is needed for this mode of operation.
More details of the methods described here are given in R1-2103771 [7].
3.3 Beam and antenna panel sweeping SRS 
The number  of SRS’s needed for the multi antenna panel SRS transmission scheme described in section 3.2 above is is the number  of TRPs times the number  of UE TX TEGs at the UE,  , as illustrated in Figure 10.
[image: ]
[bookmark: _Ref60989026]Figure 10 The number of SRS’s needed for the multi antenna panel scheme based on configuration to use certain delay groups is the number of TRPs times the number of delay groups at the UE.
An alternative multi antenna panel SRS transmission scheme would be to let the UE transmit SRSs sweeping over all UE TX TEGs and transmit beams, as illustrated in Figure 11. All TRPs would then try to receive all SRSs, but would typically only manage to receive and perform measurements based on some of them. 
[image: ]
[bookmark: _Ref60989207]Figure 11 The number of SRS’s needed for the multi antenna panel scheme based on delay group and beam sweeping is the number of delay groups at the UE times the number of UE beams per delay group, i.e. the total number of UE beams utilizing all delay groups.
The number  of SRS’s needed for the multi antenna panel scheme based on beam and delay group sweeping is simply the total number of UE transmit beams, which can be expressed as the number  of beams per UE TX TEG times the number  of UE TX TEGs at the UE,  .
Beam and UE TX TEG sweeping is thus more resource effective if there are more TRPs that can hear the UE than there are UE beams per UE TX TEG, i.e. if
 .
According to the agreed common scenario parameters applicable for all scenarios, each FR2 antenna panel (i.e., each delay group) has 2x4 spatially separated antenna elements corresponding to 8 spatial non-oversampled DFT beams. In the InF scenario, there are 18 BSs, each consisting of a three-sector site and typically a UE can be heard by almost all BSs. Thus, the beam and UE TX TEG sweeping scheme is more resource efficient in this scenario.
Beam and UE TX TEG sweeping could be achieved through explicit configuration of what UE TX TEG and beam the UE should use for each SRS transmission. This would require an indication of what UE TX TEG and beam to use in the SRS configuration. Alternatively, an SRS configuration with a preconfigured beam and UE TX TEG sweep could be defined.
We propose that beam and UE TX TEG sweeping is supported for the SRS to reduce positioning overhead.
[bookmark: _Toc68639003][bookmark: _Toc71639029]Support SRS with beam and UE TX TEG sweeping.

4 Mitigating UE Tx/Rx timing errors for DL+UL positioning
At RAN1#104bis-e the following agreement was made
---------------------------------------------- RAN1#104bis-e agreement ---------------------------------------------
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 alterntives, 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
---------------------------------------------- end RAN1#104bis-e agreement ---------------------------------------------
We see no reason to introduce a third type of TEG specifically for UL+DL positioning since the RX and TX TEGs agreed to be used for UL TDOA and DL TDOA can be effectively re-used. This also allows for easy integration of UL TDOA, DL TDOA and multi-RTT for hybrid positioning methods, e.g. when the number of measurable links in the uplink is smaller than the number of measurable links in the downlink. Some further arguments are given in section 4.1. We support Alt. 1 in the agreement at RAN1#104bis_e
[bookmark: _Toc71639030]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. 1 in the agreement for mitigating UE/TRP Tx/Rx timing errors for DL+UL positioning, at RAN1#104bis_e)
In FR2, UL SRS’s are, however, expected to be configured with a spatial relation towards an SSB or DL PRS transmitted from the target TRP. One would then expect the same antenna panel to be used for the transmission of an UL SRS towards the target TRP as for the reception and TOA measurements based on a DL PRS transmitted from the same target TRP. Thus, one would expect the spatial relation to give rise to a one-to-one relation between UE RX TEGs and UE TX TEGs which makes it superfluous to signal the UE TX TEG. What is needed is rather a strong coupling between a UE RX-TX time difference measurement and an SRS transmission as given e.g. by an SRS ID and SRS occasion indication included in the UE RX-TX time difference measurement. Still, the assumption of a one-to-one relation between UE RX TEGs and UE TX TEGs relies on assumptions on UE-building practices and on how SRS’s are configured. We therefore propose that the UE TX TEG is optionally included in the UE RX-TX time difference measurement. When not present, the UE TX TEG would be given by the indicated UE RX TEG through a one-to one relation.
[bookmark: _Toc71639044]In FR2 UL SRS’s are expected to be configured with a spatial relation towards an SSB or DL PRS transmitted from the target TRP. One would then expect the same antenna panel to be used for the transmission of an UL SRS towards the target TRP as for the reception and TOA measurements based on a DL PRS transmitted from the same target TRP. Thus, one would expect the spatial relation to give rise to a one-to-one relation between UE RX TEGs and UE TX TEGs which makes it superfluous to signal both the UE RX TEG and the UE TX TEG. However, this relies on assumptions on UE-building practices and on how SRS’s are configured.
[bookmark: _Toc71639031]Support a UE RX TEG indication and an optional UE TX TEG indication in the UE RX-TX time difference measurement report. If the UE TX TEG indication is not present in the UE RX-TX time difference measurement report, the UE TX TEG is given through a one-to one relation by the UE RX TEG indication.
[bookmark: _Toc71639032]Support a coupling between the UE RX-TX time difference measurement and an UL SRS transmission as given by an SRS ID and SRS occasion indication in the UE RX-TX time difference measurement report.

Providing the UE RX TEG and UE TX TEG association information to the LMF can give a good improvement in positioning accuracy when there are large numbers of measurable links. In such cases, wasting some of the measurable links as references in order to cancel timing error differences is not a critical problem. In real life the number of measurable links is, however, typically small and additional mitigation techniques are required to reach submeter positioning accuracy.
By combining the methods for UE TOA estimation for each UE RX TEG towards each TRP as described in section 2 and configuration of SRS to utilize a certain UE TX TEG as described in section 3.2, the RX+TX error difference can be estimated and RX+TX errors can be mitigated for multi-RTT positioning.
Thus, the TRPs would transmit multiple DL PRSs (or alternatively ‘long enough’ DL PRSs) towards the UE to allow the UE to perform multiple TOA measurements using the different UE RX TEGs. For multi-RTT the TOA measurements would be used to calculate and report UE RX-TX time difference measurements. We therefore propose
[bookmark: _Toc71639033]Introduce the possibility to configure the UE to perform multi UE-RX-TEG - UE RX-TX time difference measurements, i.e. one UE RX-TX time difference measurement for each UE RX TEG and TRP.
Furthermore, the UE would be configured to transmit one SRS per UE TX TEG and TRP. Each SRS would have a spatial relation towards a DL PRS transmitted from the TRP with a configuration to utilize a certain UE TX TEG (i.e. UE antenna panel) and each SRS would thus be transmitted with the best possible beam from the indicated UE TX TEG (i.e. UE antenna panel) towards the TRP (i.e. according to Proposal 8).
The UE would report multiple UE RX-TX time difference measurements, each based on a TOA measurement and an SRS transmission utilizing one of the UE RX TEGs and UE TX TEGs.
The network can then estimate the RX+TX time differences and the UE position based on reported multi delay group UE RX-TX time difference measurements and gNB RX-TX time difference measurements based on the multi delay group SRS transmissions.
[bookmark: _Hlk71535336]More details of the methods described here are given in R1-2103771 [7].
4.1 [bookmark: _Ref71291167]Further arguments regarding RxTx TEGs
In [6] Qualcomm argue that a separate RxTx TEG is needed for DL/UL Positioning. We don’t agree.
Qualcomm argue that
Consider a device that supports only MRTT and not DL-TDOA positioning. In that case, the device only needs to ensure that the Rx-Tx measurements are calibrated, since it does not support/report any RSTD measurements. Such a device may put extra effort in characterizing or calibrating the timing between the reception of a signal to the transmitting of a signal, and not how much is the timing between the reception of 2 different signals. 
However, the UE doesn’t know how the network utilize the UE Rx-Tx time difference measurement. To avoid overhead the network may not want to configure both RSTD measurements and UE Rx-Tx time difference measurements and thus it may configure only UE Rx-Tx time difference measurements but still utilize them to form RSTD measurements by forming differences of UE Rx-Tx time difference measurements.
Qualcomm also argue that
A UE receives a first PRS from a first panel, and transmits SRS from that same panel. Then, the same UE receives a second PRS from a second panel, and transmits a second SRS from that second panel. This UE may be able to ensure, that any uncalibrated GD per panel, is very small; so a UE may be able to say that these 2 Rx-Tx measurements are on the same TEG. However, it will not be able to report that the Rx Timing between panels was the same, nor that the Tx timing between panels was the same.  
However, if the UE is able to ensure that any uncalibrated GD per panel, is very small, there is no need for TEGs for RTT positioning. There would only be one RxTx TEG and the TEG association would not need to be signalled. Rather than introducing RxTx TEGs, tight RAN4 requirements could be introduced for UEs with such self-calibration capabilities.
Qualcomm argue further that
The way a device may try to calibrate its BB<->Ant paths is by implementation-based OTA measuremennts (transmit from 1 antenna and receive from another). In such cases, by the way the measurement procedure is taking place, the device estimates the time duration needed between the transmission of a signal and the reception, and it does not estimate the separate transmission path and reception path.  
However, if the device calibrates itself it should also be able to adjust it’s measurements and/or transmissions. There is no need for TEGs to handle the part of the error that can be measured and calibrated.
Qualcomm argue that
A UE receives a PRS1 and transmits SRS1 at a first slot, and then, in a later slot, it receives PRS2 and transmits SRS2. The 2 slots are far away in time, for the UE to be able to guarantee that their Rx timings are close enough (e.g. due to time drift), but it can guarantee, since the PRS1/SRS1 are close by in time, and PRS2/SRS2 are close by in time, that the 2 Rx-Tx measurements, RxTx1 and RxTx2 have similar timing errors.  
However, in our view, the spatial and temporal aspects of the timing errors should be separated as discussed in section 5. Similar arguments can be made also for the RSTD case when the UE receives a PRS1_ref from the reference TRP and PRS1_target from the target TRP in one slot and then, in a later slot receives a PRS2_ref
5 [bookmark: _Ref71016344]Handling of timing error variations with time
Timing errors may vary with time. This could e.g. be due to variations in temperature with time and a dependence of filter group delays on temperature. It could also be due to a UE transmission timing adjustment.
One possibility to handle some types of variations with time could be to use the timestamps of the measurements. Two measurements that have been performed close in time and are in the same delay group could be assumed to have a small timing error difference while this would not be the case if they are either in different delay groups or if the timespan between the two measurements is large. UE requirements could be defined to specify how much timing errors would be allowed to vary over a certain time period.
One problem with this is that timing errors might also change due to more instantaneous processes such as UE timing adjustments. One possibility to handle such events would be for the UE to report them. The network would then know that if an event has occurred between measurements/ transmissions performed before and after the event then the timing error differences can’t be assumed to be small even if the same TEG was used for both measurements/transmissions. Such event reporting could be combined with time stamp based methods to handle more continuous processes.
Another possibility would be to include temporal aspects in the definition of delay groups. It would still be important to separate temporal aspects from spatial aspects since they have very different characteristics. A delay group could then be characterized by one spatial index and one temporal index. The temporal index would be incremented with 1 when timing errors can no longer be assured to have changed less than some threshold since the last increment of the temporal index. This would allow the UE to take into account continuous processes like temperature variations and clock drifts as well as instantaneous events like timing adjustments.
[bookmark: _Toc71639034]In NR Rel-17, support the UE to associate both a spatial and a temporal UE RX TEG index to each TOA measurement and to indicate both these indices in RSTD and UE RX-TX time difference measurements.
[bookmark: _Toc71639035]In NR Rel-17, support the UE to associate both a spatial and a temporal UE TX TEG index to each UL SRS transmission and to signal the associated indices in a message to the LMF.
6 [bookmark: _Ref71016896]Handling of timing error variations between different frequency bands, carriers, or frequency layers
In some cases, the Tx and Rx timing errors may also be frequency dependent.  This is because the group delays are introduced by RF filters whose components may be frequency dependent.  The resulting timing errors may vary over frequency in the following ways:
1. timing error variation within a PRS frequency layer (i.e., different frequency parts in the same PRS frequency layer have timing errors that can no longer be assured to be within some threshold)
2. timing error variation over multiple PRS frequency layers (i.e., different frequency parts in the same or different PRS frequency layers have timing errors that can no longer be assured to be within some threshold)
3. [bookmark: _Hlk68559959]timing error variation within a carrier or serving cell (i.e., different frequency parts in the same carrier or serving cell have timing errors that can no longer be assured to be within some threshold)
4. timing error variation over multiple carriers or serving cells (i.e., different frequency parts in the same carrier or serving cell have timing errors that can no longer be assured to be within some threshold)
One possibility to handle some types of frequency variations in timing errors would be to include frequency-dependent aspects in the definition of delay groups.  For example, a delay group could be characterized by spatial, temporal, and frequency-dependent indices.  However, frequency-dependent timing errors were not widely discussed in RAN1#104-e.  Hence, how to handle frequency variations in timing errors would need to be studied first

[bookmark: _Toc71639036]Study how to handle frequency-dependent timing errors in NR Rel-17.

7 Reporting of multiple measurement instances in a single measurement report
At RAN1#104e the following agreement was made
---------------------------------------------- RAN1#104-e agreement ---------------------------------------------
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.
---------------------------------------------- end RAN1#104-e agreement ---------------------------------------------
We note that if measurement instances are based on filtering of multiple primitive measurements within a measurement time window then there is a risk that the RX and/or TX TEG could be different for the different primitive measurements.  This could be due to the use of different RX/TX antenna panels or due RX/Tx timing errors (and thus also RX/TX TEGs) varying with time. We therefore propose that it shall be possible to configure the measurement window for a measurement instance to be so short that there is no risk for the TEG associations to change during the measurement window.
[bookmark: _Toc71639037]It shall be possible to configure the measurement window for a measurement instance to be so short that there is no risk for the TEG associations to change during the measurement window.

We note that the TEG could be different for the different measurement instances reported in one measurement report. This could be due to the use of different RX/TX antenna panels or due RX/TX timing errors (and thus also RX/TX TEGs) varying with time. We therefore propose that the TEG association is reported independently for each measurement instance in a measurement report.
[bookmark: _Toc71639038]The TEG association is reported independently for each measurement instance in a measurement report.


[image: ]
Figure 3 Example of reporting of multiple measurement instances in one measurement report where each measurement instance is based on filtering/averaging over multiple primitive measurements with a measurement window.

8 gNB RX/TX timing error mitigation
In contrast to mm-wave UEs that typically have multiple antenna panels gNBs to our knowledge typically have only one antenna panel per TRP. We therefore don’t see any great need for gNB RX/TX timing error mitigation. However, for potential multi antenna panel gNBs there exist a very efficient mitigation technique. Each antenna panel can be defined as a separate TRP transmitting its own DL PRS and performing RTOA and gNB RX-TX time difference measurements. This mitigates any RX/TX timing errors and as a bonus also mitigates the errors coming from the spatial separation of the antenna panels. This solution is thus superior to the use of gNB RX/TX TEGs and in addition requires no specification changes.
We therefore think that the agreements at RAN1#104bis-e allow to support TRP RX/TX TEGs will only result in unnecessary specification efforts.
[bookmark: _Toc71639045]In contrast to mm-wave UEs that typically have multiple antenna panels gNBs typically have only one antenna panel per TRP.
[bookmark: _Toc71639046]gNB RX/TX timing errors can be mitigated by defining each gNB antenna panel as a separate TRP with its own DL PRS transmissions and RTOA and gNB RX-TX time difference measurements.
[bookmark: _Toc71639047]The agreements at RAN1#104bis-e to support TRP RX/TX TEGs will only result in unnecessary specification efforts.
9 Network synch
The gNB/UE RX/TX timing error topic is about mitigating the impact on positioning of differences in RX/TX timing errors between different measurements by the same node. RX/TX timing error differences between different gNBs, is the same thing as network synch which is out of scope of the Rel. 17 positioning enhancement work item.
[bookmark: _Toc71639048]The gNB/UE RX/TX timing error topic is about mitigating the impact on positioning of differences in RX/TX timing errors between different measurements by the same node. RX/TX timing error differences between different gNBs, is the same thing as network synch which is out of scope of the Rel. 17 positioning enhancement work item.
We note also that network synch is within the scope of RAN3 rather than RAN1, see [4] and [5].

10  Signalling of timing errors per TEG
Some companies have proposed that timing errors per UE/gNB RX/TX TEG should be signalled by the UE/gNB to the LMF. We note that
1. [bookmark: _Hlk68097826]If the UE/gNB knows the timing error then it can compensate for the timing error by correcting measurements or adapting the TX time of a RS and thus there is no need to signal the timing error to the LMF.
2. A TEG is defined as a group of measurements or RS transmissions which have timing errors within a certain margin relative to each other. Thus, a TEG doesn’t have a timing error that can be signaled.
3. For the gNB case a timing error relative to some global clock is identical to the network synch error which is out of scope of the Rel. 17 positioning enhancement work item.
[bookmark: _Toc71639039]Timing errors per UE/gNB RX/TX TEG should not be signalled by the UE/gNB to the LMF, nor from the LMF to the UE.
Some companies have proposed that timing errors differences per UE/gNB RX/TX TEG should be signalled by the UE/gNB to the LMF. We note that if the UE/gNB knows the timing error differences then it can compensate for the timing error differences by correcting measurements or adapting the TX time of RSs and thus there is no need to signal the timing error differences to the LMF.
[bookmark: _Toc71639040]Timing errors differences between UE/gNB RX/TX TEGs should not be signalled by the UE/gNB to the LMF, nor from the LMF to the UE.

11  Reference device
At RAN1#104e the following agreement was made

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

[bookmark: _Hlk68097205]At RAN1#104bis-e no agreements where made on this topic. We note that no RAN1 specification impact have been identified. A UE with known location can be utilized as a reference device without any need for additional standardization. Some companies argue that there could be a specification impact on network interfaces or higher layer signaling. If so, that should be discussed in the working groups responsible for the corresponding network interfaces or higher layer signaling and not in RAN1. We note also that a task such as introducing a new type of node or device, impacting multiple working groups should first be discussed and agreed at the plenary level before starting the work in any working group. The Rel. 17 positioning enhancement work item doesn’t include any such agreement. We therefore propose that no reference device is specified in Rel. 17.
[bookmark: _Toc71639049]A UE with known location can be utilized as a reference device without any need for additional standardization.
[bookmark: _Toc71639050]A task such as introducing a new type of device, impacting multiple working groups should first be discussed and agreed at the plenary level before starting the work in any working group. The Rel. 17 positioning enhancement work item doesn’t include any such agreement.
[bookmark: _Toc71639041]No reference device should be specified in Rel. 17.


Conclusion
In the previous sections we made the following observations: 
Observation 1	It’s beneficial to use a common time reference, as given by a common reference TRP TOA measurement, for all reported RSTD measurements within a DL TDOA measurement report (i.e. within the LPP IE NR-DL-TDOA-ProvideLocationInformation), just as in Rel. 16. The UE shouldn’t select different reference TRPs for different RSTD measurements.
Observation 2	For SRSs that are configured to utilize a certain UE TX TEG there is no need for the UE to signal which UE TX TEG that has been used for the SRS transmission since that is already known by the network.
Observation 3	In FR2 UL SRS’s are expected to be configured with a spatial relation towards an SSB or DL PRS transmitted from the target TRP. One would then expect the same antenna panel to be used for the transmission of an UL SRS towards the target TRP as for the reception and TOA measurements based on a DL PRS transmitted from the same target TRP. Thus, one would expect the spatial relation to give rise to a one-to-one relation between UE RX TEGs and UE TX TEGs which makes it superfluous to signal both the UE RX TEG and the UE TX TEG. However, this relies on assumptions on UE-building practices and on how SRS’s are configured.
Observation 4	In contrast to mm-wave UEs that typically have multiple antenna panels gNBs typically have only one antenna panel per TRP.
Observation 5	gNB RX/TX timing errors can be mitigated by defining each gNB antenna panel as a separate TRP with its own DL PRS transmissions and RTOA and gNB RX-TX time difference measurements.
Observation 6	The agreements at RAN1#104bis-e to support TRP RX/TX TEGs will only result in unnecessary specification efforts.
Observation 7	The gNB/UE RX/TX timing error topic is about mitigating the impact on positioning of differences in RX/TX timing errors between different measurements by the same node. RX/TX timing error differences between different gNBs, is the same thing as network synch which is out of scope of the Rel. 17 positioning enhancement work item.
Observation 8	A UE with known location can be utilized as a reference device without any need for additional standardization.
Observation 9	A task such as introducing a new type of device, impacting multiple working groups should first be discussed and agreed at the plenary level before starting the work in any working group. The Rel. 17 positioning enhancement work item doesn’t include any such agreement.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) for both the target and the reference TRP to the LMF when the UE reports the RSTD measurements to the LMF if the UE has multiple TEGs
Proposal 2	Support a UE to perform multiple RSTD measurements towards the same TRP utilizing different UE RX TEGs and to report these measurements to the LMF.
Proposal 3	RAN1 to study further under what circumstances the UE should be capable of performing multiple RSTD measurements towards the same TRP utilizing different UE RX TEGs, e.g. if measurements utilizing different UE RX TEGs (i.e. UE antenna panels) can be performed based on 1) different DL PRSs transmitted from the same TRP, 2) different symbols of the same DL PRS, 3) different repetitions of the same DL PRS, 4) different occasions of the same DL PRS, 5) different DL PRSs transmitted from the same TRP, and/or 6) simultaneous reception of the same DL PRS.
Proposal 4	The UE TX TEG association of UL SRS transmissions should be sent by the UE to the gNB and then forwarded to the LMF.
Proposal 5	The UE can be configured to send TX TEG association reports for all SRS types.
Proposal 6	The UE can be configured with a list of SRS resource sets for which UE TX TEG association reporting should be performed.
Proposal 7	TX TEG association reports should have a configurable periodicity and the reports should include the UE TX TEG association of each transmission occasion of each SRS resource during the reporting period.
Proposal 8	It shall be possible to configure an SRS with a spatial relation towards a DL PRS or SSB together with a configuration to utilize a certain UE TX TEG.
Proposal 9	Support SRS with beam and UE TX TEG sweeping.
Proposal 10	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. 1 in the agreement for mitigating UE/TRP Tx/Rx timing errors for DL+UL positioning, at RAN1#104bis_e)
Proposal 11	Support a UE RX TEG indication and an optional UE TX TEG indication in the UE RX-TX time difference measurement report. If the UE TX TEG indication is not present in the UE RX-TX time difference measurement report, the UE TX TEG is given through a one-to one relation by the UE RX TEG indication.
Proposal 12	Support a coupling between the UE RX-TX time difference measurement and an UL SRS transmission as given by an SRS ID and SRS occasion indication in the UE RX-TX time difference measurement report.
Proposal 13	Introduce the possibility to configure the UE to perform multi UE-RX-TEG - UE RX-TX time difference measurements, i.e. one UE RX-TX time difference measurement for each UE RX TEG and TRP.
Proposal 14	In NR Rel-17, support the UE to associate both a spatial and a temporal UE RX TEG index to each TOA measurement and to indicate both these indices in RSTD and UE RX-TX time difference measurements.
Proposal 15	In NR Rel-17, support the UE to associate both a spatial and a temporal UE TX TEG index to each UL SRS transmission and to signal the associated indices in a message to the LMF.
Proposal 16	Study how to handle frequency-dependent timing errors in NR Rel-17.
Proposal 17	It shall be possible to configure the measurement window for a measurement instance to be so short that there is no risk for the TEG associations to change during the measurement window.
Proposal 18	The TEG association is reported independently for each measurement instance in a measurement report.
Proposal 19	Timing errors per UE/gNB RX/TX TEG should not be signalled by the UE/gNB to the LMF, nor from the LMF to the UE.
Proposal 20	Timing errors differences between UE/gNB RX/TX TEGs should not be signalled by the UE/gNB to the LMF, nor from the LMF to the UE.
Proposal 21	No reference device should be specified in Rel. 17.
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