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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). 
At RAN1#106 it was also agreed to support a UE to perform multiple RSTD measurements associated to different UE RX TEGs based on the same DL PRS resource. Together with TEG reporting this has been shown to fully mitigate UE RX/TX timing errors for DL TDOA positioning and to lead to fulfilled requirements in the InF-SH scenario (see Figure 1). The corresponding method for UL TDOA and multi-RTT of multi UL SRS transmissions associated to different UE TX TEGs have, however, not been discussed despite striking performance results (see  Figure 2) presented already in the SI phase. Similarly, the corresponding method for multi-RTT, to support multiple UE Rx-Tx time difference measurements for the same DL PRS resource associated to different UE RX TEGs has not been discussed. In sections 3.2, 3.3 and 4 we propose to support the corresponding mechanisms also for UL TDOA and multi-RTT to allow for full-fledged mitigation of timing errors.
[bookmark: _Ref71292354]We also address the remaining details and FFSs for the already agreed timing error mitigation techniques.

2 Mitigating UE Rx timing errors for DL TDOA

2.1 Multiple sequential RSTD measurements towards the same TRP utilizing different RX TEGs
At RAN1#106 the following agreement was made
---------------------------------------------- RAN1#106-e agreement ---------------------------------------------
Agreement:
· Subject to UE capability, support the LMF to request a UE to optionally measure the same DL PRS resource of a TRP with N different UE Rx TEGs and report the corresponding multiple RSTD measurements.
· FFS: N=[2, 3, 4] or other values, where the maximum value of N depends on UE capability.
· FFS: whether the TRP can be either a “RSTD” reference TRP or a neighbor TRP
· FFS: details of the signalling, procedures, and UE capability
· FFS: The multiple RSTD measurements can share the same time stamp
· Note: All RSTD measurements are relative to a single reference timing
· Support the LMF to request a TRP to optionally measure the same SRS resource of a UE with M different TRP Rx TEGs and report the corresponding multiple RTOA measurements.
· FFS: M = [2, 3, 4] or other values
· FFS: details of the signalling, procedures
· FFS: The multiple RTOA measurements can share the same time stamp
---------------------------------------------- end RAN1#106-e agreement ---------------------------------------------
The agreement to support a UE to measure the same DL PRS resource of a TRP with N different UE Rx TEGs and report the corresponding multiple RSTD measurement, enables estimation of timing error differences between different TEGs and is very efficient in mitigation of UE Rx timing errors as shown by the simulation results in Figure 1.
A mm-wave UE today typically have three or four antenna panels. Since a TEG would typically correspond to an antenna panel, reporting of RSTD measurements with up to 4 TEGs clearly need to be supported.
[bookmark: _Toc84015102]A mm-wave UE today typically have three or four antenna panels.
[bookmark: _Toc84015067]Subject to UE capability, support the LMF to request a UE to optionally measure the same DL PRS resource of a TRP with N different UE Rx TEGs and report the corresponding multiple RSTD measurements, where N=[2, 3,… ,Nmax], where Nmax is the number of UE RX TEGs which depends on UE capability. Nmax =[2, 3, 4] is supported. FFS: additional values for Nmax
We note that multiple RSTD measurements of the same DL PRS resource with different TEGs could be achieved in a number of different ways depending on scenario, UE capabilities and DL PRS configuration. A UE could perform multiple RSTD measurements using different UE RX TEGs based on
· different symbols in the same slot of the same DL PRS resource
· Useful e.g. for indoor industrial scenarios where a two symbol staggered comb 2 signals is sufficient to achieve a good TOA measurement. Measurements with four different TEGS could thus, easily fit into one slot.
· different repetitions of the same DL PRS resource
· Useful for scenarios where more symbols are needed to achieve a good TOA measurement.
· different occasions of the same DL PRS resource
· For long DL PRS periodicity timing errors may drift (e.g. due to temperature dependence of filter group delays) but at least for short periodicities this could be applicable.
· Simultaneous reception of the same DL PRS resource 
· for UEs that have such capabilities

[bookmark: _Toc84015103]A UE could perform multiple RSTD measurements using different UE RX TEGs based on; (1) different symbols in the same slot of the same DL PRS resource; (2) different repetitions of the same DL PRS resource; (3) different occasions of the same DL PRS resource; or (4) Simultaneous reception of the same DL PRS resource.

We note that in most of these alternatives the measurements are not performed at exactly the same time instance. Each RSTD measurement should therefore be reported with it’s own timestamp.

[bookmark: _Toc84015068]Each RSTD measurement should be reported with it’s own timestamp.
Alternative 2,  to use different repetitions of the same DL PRS resource, seems to be most straight forward in not requiring advanced UE capabilities and allowing for measurements based on fully staggered parts of a DL PRS occasion. We therefore propose that at least alternative 2 is supported.
[bookmark: _Toc84015069]Support a UE to perform multiple RSTD measurements towards the same TRP based on (1) different repetitions of the same DL PRS resource, (2) different symbols of the same DL PRS resource, (3) different occasions of the same DL PRS resource, and (4) simultaneous reception of the same DL PRS,  and to report these measurements to the LMF.
Clearly, multiple RSTD measurements towards the same TRP based on the same DL PRS, utilizing different UE RX TEGs needs to be requested by the LMF. This could be done by including an indicator in the NR-DL-TDOA-RequestLocationInformation IE.
[bookmark: _Toc84015070]Support configuration of UE to perform multiple RSTD measurements towards the same TRP, utilizing different UE RX TEGs, e.g. by including an indicator in the NR-DL-TDOA-RequestLocationInformation IE.
 A UE that has the capability and receives the request should try to perform and report the measurements. Just as for RSTD measurements in general, there is no guarantee that the UE can hear the signal and perform the measurements. However, as long as the DL-PRS is configured appropriately and is received with high enough SINR for a given UE RX TEG association, the UE shall measure and report the corresponding RSTD measurement. This should be captured by RAN4 requirements 
[bookmark: _Toc84015071]Inform RAN4 with an LS that RAN4 requirements should capture that, subject to UE capability, a UE configured to perform and report multiple RSTD measurements towards the same TRP, utilizing different UE RX TEGs, shall report one RSTD measurement for each UE RX TEG association for which the DL PRS is received with an appropriate configuration and with high enough SINR.


[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.
At RAN1#105e the following proposal was discussed but not agreed:
---------------------------------------------- RAN1#105-e proposal ---------------------------------------------
Proposal 3.1-3 (Revision 4)(H)
Subject to UE’s capability, support a UE to
· measure the same DL PRS resource from a TRP with different UE Rx TEGs, and report corresponding RSTD measurements.
· measure different DL PRS resources from a TRP with the same UE RX TEG, and report corresponding RSTD measurements.
· measure different DL PRS resources from a TRP with different UE Rx TEGs, and report corresponding RSTD measurements.
· FFS: indicate whether the measured RX TEG timing error difference has been compensated at UE side.
· Note: All RSTD measurements are relative to a single reference timing
· FFS: Whether the TRP can be both  “RSTD” reference TRP and neighbor TRP
· FFS: details of the Signaling, procedures, and UE capability
---------------------------------------------- end RAN1#105-e proposal ---------------------------------------------
Here, the first bullet was eventually agreed in modified form at RAN1#106e.  The second and third bullets
· measure the same DL PRS resource from a TRP with different UE Rx TEGs, and report corresponding RSTD measurements.
· measure different DL PRS resources from a TRP with the same UE RX TEG, and report corresponding RSTD measurements.
 are related to timing measurements of additional paths. Additional paths have an AOD and an AOA differing from the first path. Thus, a different DL PRS resource (i.e. a different TX beam) and a different RX beam possibly utilizing a different UE antenna panel (UE RX TEG) is needed for optimal reception. This is allowed by bullet three. On the other hand, the use of a different UE antenna panel (UE RX TEG) may result in a large timing error difference between the timing measurement of the first path and the additional path that can be removed only if TEG association of the additional path measurement is signaled and the LMF manages to estimate the timing error difference between the two antenna panels (UE RX TEGs). It’s thus a good thing that bullet two allows also for measurements using the same UE RX TEG. Consequently, we are pro to bullet two and three. One may also note that making multiple measurements of additional paths using different UE antenna panels (UE RX TEGs) can help estimating the timing error differences. If the first path is weak it may not be measurable with all (or more than one) antenna panel. In such a case it is useful to measure also the strongest path which may be measurable with all (or at least with more than one) antenna panel (UE RX TEG). Measuring a large number of additional paths can also aid in identifying paths measured using different DL PRS resources and/or different RX beams and/or UE antenna panels.
The signaling details are for RAN2 to decide but it can still be useful to take a look at the current reporting structure. The NR-DL-TDOA-MeasElement-r16 IE contains the basic RSTD value, the DL PRS resource set ID, the DL PRS resource ID, the NR-AdditionalPathList-r16 IE, the NR-DL-TDOA-AdditionalMeasurements-r16 IE and a number of other fields not relevant for the discussion here.
The NR-AdditionalPathList-r16 IE contains only the timing of the additional paths and corresponding measurement quality metrics. The DL PRS resource set ID and the DL PRS resource ID can thus be assumed to be the same as for the basic RSTD value. In fact, it makes sense to assume that additional paths timing measurements reported here are all based on the same measurement and the same estimated CIR as the basic RSTD and thus utilize the same UE antenna panel (UE RX TEG) and RX beam as for the basic RSTD measurement. One may note, that once the CIR has been calculated and the first path has been identified the additional complexity of identifying and reporting additional paths in the same CIR is small.
The NR-DL-TDOA-AdditionalMeasurements-r16 IE on the other hand, contains not only the RSTD value but also the DL PRS resource set ID and the DL PRS resource ID for each additional measurement. Adding also a UE RX TEG association, this structure could be used to report multiple measurements based on different antenna elements (UE RX TEGs) of the same DL PRS resource as the basic RSTD measurement. This structure could also be used to report multiple measurements based on different UE antenna elements (UE RX TEGs) of a different DL PRS resource as compared to the basic RSTD measurement. The additional measurement structure also contains an NR-AdditionalPathList-r16 IE for each measurement, allowing for reporting of multiple paths for each measurement (based on the same DL PRS resource, UE antenna element (UE RX TEG), RX beam and thus the same estimated CIR as the corresponding additional measurement RSTD). Currently the maximum number of additional measurements is three which obviously would have to be increased to allow both for multiple DL PRS resources and for multiple UE RX TEG associations. Obviously, there are alternative ways to encode what is needed here and this is for RAN2 to define. We believe, however, that it’s important to keep the NR-AdditionalPathList-r16 IE clean so that all it’s timing measurements are based on the same measurement, i.e. the same DL PRS resource, UE antenna element (UE RX TEG), RX beam and thus the same estimated CIR.
Regarding the FFS in the proposal discussed but not agreed at RAN1#105e;
· FFS: indicate whether the measured RX TEG timing error difference has been compensated at UE side.
we don’t think such an indication is needed.
· We don’t think that the UE should compensate for the timing error differences. The UE should leave that to the LMF.
· Even if would be decided that a UE may have the capability to compensate for timing error differences, then it should at least be possible for the NW to control whether the UE performs compensation or not. Thus, NW control would be needed rather than UE indication.
· If the UE compensates for the measured timing error differences then the reported RSTD measurements towards the same TRP using different antenna panels (TEGs) will be identical and thus redundant. In fact, in such a case there is only one TEG.
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 and RAN1#105-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 ---------------------------------------------
---------------------------------------------- RAN1#105-e agreement ---------------------------------------------
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 neighboring gNBs
· Option 2: 
· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE has multiple Tx TEGs. 
· Support the serving gNB to forward the association information provided by the UE to the LMF
· FFS: Support LMF to forward the association information from the serving gNB for the UE to the neighboring gNBs
· FFS: UE should be able to report capability information related to Tx TEGs to LMF via LPP signaling
· Support gNB to report the associated SRS resource ID/resource set ID of the RTOA measurement to LMF
---------------------------------------------- end RAN1#105-e agreement ---------------------------------------------
We prefer solution 2 since
1. The serving gNB is controlling the SRS and the uplink radio resources and should have immediate access to all information that can be useful in controlling interference.
2. The UL SRS UE TX TEG association signalling can potentially generate a large uplink load and should therefore be in direct control of the gNB.
3. In a multi-TRP scenario where the serving gNB controls all TRPs, e.g. in an indoor factory scenario, option 2 give reduced latency.
[bookmark: _Toc84015072]RAN1 to decide on option 2 in the agreement on UE Tx timing errors for UL TDOA at RAN1#105-e, i.e. 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 in the agreement at RAN1#104bis-e 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: _Toc84015073]The UE can be configured to send UE 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: _Toc84015074]The UE can be configured with a list of SRS resource sets for which UE TX TEG association reporting should be performed.
In RAN1#106, the following proposal was discussed (although not agreed) related to reporting of association information between UE Tx TEG IDs and SRS resources:
(Round 6) Proposal 3.4-1 (H)

· Consider supporting one or both of the following options (to be decided in RAN1#106b):
· Option 1: the LMF to request a UE/TRP to provide the periodic reporting of the association information between UE/TRP Tx TEG IDs and positioning SRS/PRS resources, based on a configured periodicity;
· FFS: the values of the configurable periodicities
· Option 2: the LMF to request a UE/TRP to provide the report of the association information between UE/TRP Tx TEG IDs and positioning SRS/PRS resources whenever the UE/TRP determines the previous association information is no longer valid
· Note: It is up to the UE/TRP to determine when and whether the previous association information is no longer valid
· FFS: The details of change of association information between Tx TEG IDs and SRS/PRS resources.

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 information on the UE TX TEG association of each transmission occasion of each SRS resource during the reporting period. The exact coding of this information is up to RAN2.  Hence, at least Option 1 in the above proposal should be supported.
One may also consider the possibility to allow UE TX TEG association reporting to be triggered by a change in UE TX TEG association. This could potentially reduce latency but could also lead to a large uplink signalling load.  Hence, Option 2 can also be possibly supported.
[bookmark: _Toc84015075]For reporting of UE Tx TEG association to SRS resources, support both the following options:
[bookmark: _Toc84015076]Option 1:  the LMF to request a UE to provide the periodic reporting of the association information between UE Tx TEG IDs and SRS resources, based on a configured periodicity
[bookmark: _Toc84015077]Option 2:  the LMF to request a UE to provide the report of the association information between UE Tx TEG IDs and SRS resources whenever the UE determines the previous association information is no longer valid
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.
[image: ]
[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 to utilize a certain UE TX TEG at the UE. 
[bookmark: _Ref71293182][bookmark: _Toc84015078]It shall be possible to configure a UE with an SRS with a restriction for the UE to utilize a certain UE TX TEG when transmitting the SRS.
Clearly, to be able to do that the network needs to know how many UE TX TEGs the UE is using. We therefore propose that the UE shall report the number of UE TX TEGs as part of UE capabilities.
[bookmark: _Toc84015079]The UE shall report the number of UE TX TEGs as part of UE capabilities.
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.
This allows the gNB to perform RTOA measurements associated with different UE Tx TEGs from a UE. Clearly these measurements need to be signalled to the LMF.
[bookmark: _Toc84015080]For UL-TDOA positioning, support a gNB to report RTOA measurements associated with different UE Tx TEGs from a UE
This proposal was discussed at RAN1#105-e. We note that this proposal is dependent on Proposal 11 which gives the possibility to configure a UE to transmit multiple SRSs utilizing different UE TX TEG associations and thus giving the gNB the possibility to perform multiple RTOA measurements associated with different UE Tx TEGs.
Note that a restriction for an UL SRS to utilize a certain UE TX TEG can be combined with a spatial relation towards a DL PRS/SSB. 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: _Toc84015104]A restriction for an UL SRS to utilize a certain UE TX TEG can be combined with a spatial relation towards a DL PRS/SSB. 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.

More details of the methods described here are given in R1-2103771 [7].
3.3 [bookmark: _Ref83396170]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 3.
[image: ]
[bookmark: _Ref60989026]Figure 3 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 4. 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 4 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

An alternative way to accomplish the same thing would be define an SRS for positioning with multiple ports, using the ports to sweep over the different antenna panels and beams, i.e. using antenna switching as proposed some companies. To achieve the multi TRP coverage needed for positioning, ports would need to be separated based on time division. Using TD to separate ports the difference between antenna switching and beam and antenna panel sweeping would be very small. 
[bookmark: _Toc84015105]Beam and UE TX TEG sweeping can be achieved by using multiple SRSs for sweeping or by using multiple ports of one SRS for sweeping. The latter alternative may be viewed as antenna switching. To achieve the multi TRP coverage needed for positioning, ports would need to be separated based on time division (TD). Using TD to separate ports the difference between antenna switching and beam and antenna panel sweeping would be very small.
However, since the SRS for positioning is single port we think it’s more simple to use multiple SRSs to sweep over beams and antenna panels. This also makes it simpler to make it fit with the UE TX TEG concept. We propose that beam and UE TX TEG sweeping is supported for the SRS to reduce positioning overhead.
[bookmark: _Toc68639003][bookmark: _Toc84015081]Support SRS with beam and UE TX TEG sweeping.
We note that for beam and TEG sweeping to work the UE needs to report the number of UE TX TEGs and the number of beams to sweep per UE TX TEG as part of UE capabilities 
[bookmark: _Toc84015082]The UE supporting UE TX TEG and beam sweeping shall report the number of UE TX TEGs and the number of beams to sweep per UE TX TEG as part of UE capabilities.

4 [bookmark: _Ref83396189]Mitigating UE Tx/Rx timing errors for DL+UL positioning
The UL transmission timing may differ between different TEGs e.g. due to differences in filter group delays that are not known to the UE. These differences are, however, by definition unknown to the UE. As far as the UE knows, the UL transmission timing is therefore the same for different TEGs and consequently the UE Rx-Tx time difference is independent of which TEG is used for any SRS transmission.
[bookmark: _Toc84015106]UE TX timing differences between different TEGs are unknown by the UE. As a consequence, the TX timing used in the UE Rx-Tx time difference measurement is independent of Tx TEG.
The LMF calculates the RTT as the sum of a gNB Rx-Tx time difference measurement based on an UL SRS reception and a UE Rx-Tx time difference measurement based on the reception of a DL PRS. In order to mitigate timing error differences the LMF needs to know the UE RX TEG of the DL PRS and the UE TX TEG of the UL SRS. The UE RX TEG is directly coupled to the measurement of the UE Rx-Tx time difference measurement and is naturally reported together with the UE Rx-Tx time difference measurement in the multi-RTT measurement report. The UE TX TEG on the other hand is coupled to the UL SRS used for the gNB Rx-Tx time difference measurement.
[bookmark: _Toc84015107]The UE TX TEG is directly coupled to the UL SRS and thus indirectly also to the gNB Rx-Tx time difference measurement using that UL SRS.
A coupling of a UE TX TEG to a UE Rx-Tx time difference measurement is only made - very much indirectly - by the LMF when it combines a UE Rx-Tx time difference measurement and a gNB Rx-Tx time difference measurement to form a RTT. However, the UE has no way of knowing beforehand what UL SRS that gNB Rx-Tx time difference measurement will be based on.  Which UL SRS is used may depend e.g. on the channel which isn’t known beforehand. The gNB could also perform multiple gNB Rx-Tx time difference measurements based on different UL SRSs from the same UE. Clearly the UE has no way of knowing about such a potential coupling created by the LMF.
[bookmark: _Toc84015108]A very indirect coupling of a UE TX TEG to a UE Rx-Tx time difference measurement is created by the LMF when it combines a UE Rx-Tx time difference measurement and a gNB Rx-Tx time difference measurement to form a RTT. Which UL SRS is used for the gNB Rx-Tx time difference measurement may depend e.g. on the channel which isn’t known beforehand. Thus, when signaling the multi-RTT report the UE has no way of knowing about this indirect coupling to be made by the LMF.
Since the UE has no way of knowing which SRS the gNB will use for the gNB Rx-Tx time difference measurement, the UE should report the UE TX TEG association of all SRS transmissions that could potentially be used for gNB Rx-Tx time difference measurements.  The SRSs for which UE TX TEG association should be reported could be configurable by the network or alternatively the UE could report UE TX TEG association for all configured SRSs. This gives the network full freedom to utilize the gNB Rx-Tx time difference measurement based on any UL SRS that the gNB can hear. The UE TX TEG association of SRS transmissions could be reported over RRC or alternatively it could be included in the multi-RTT measurement report. Even if reported within the multi-RTT measurement report, it should be noted that there would be no coupling between the reported UE TX TEG association of SRS transmissions to any specific UE Rx-Tx time difference measurement. Note also that reporting the UE TX TEG association of all SRS transmissions often results in a lower signaling load than reporting one TX TEG association for each UE Rx-Tx time difference measurement, since the number of configured SRSs is often smaller than the number of reported UE-Rx-Tx timed difference measurements.
[bookmark: _Toc84015109]Reporting of UE TX TEG association of all SRS transmissions often results in a lower signaling load than reporting one TX TEG association for each UE Rx-Tx time difference measurement, since the number of configured SRSs is often smaller than the number of reported UE-Rx-Tx timed difference measurements.
[bookmark: _Toc84015083]The UE should report the UE TX TEG association of all SRS transmissions that could potentially be used for gNB Rx-Tx time difference measurements. The SRSs for which UE TX TEG association should be reported by the UE could be configurable by the network or alternatively the UE could report UE TX TEG association for all configured SRSs.
At RAN1#106 the following agreement was made
---------------------------------------------- RAN1#106-e agreement ---------------------------------------------
Agreement:
· If a Tx TEG ID is reported with a UE Rx-Tx time difference measurement, the UE should also report the association of the Tx TEG ID to the UL SRS resource(s)
· FFS: how the the association of the Tx TEG ID to the UL SRS resource(s) is determined by UE.
· FFS: details of the signalling
---------------------------------------------- end RAN1#106-e agreement ---------------------------------------------
Regarding the FFSs and in accordance with the discussion above we propose the following 
· If a Tx TEG ID is reported with a UE Rx-Tx time difference measurement, the UE should also report the association of the Tx TEG ID to the UL SRS resource(s)
· There is no association of the Tx TEG ID to any specific UE Rx-Tx time difference measurement, they are only reported in the same multi-RTT report.
· The association of the UE Tx TEG ID to the UL SRS resource(s) is given by the UE TX TEG definition
· The UE TX TEG ID is reported for all UL SRSs.
· FFS: details of the signalling
[bookmark: _Toc84015084]• If a Tx TEG ID is reported with a UE Rx-Tx time difference measurement, the UE should also report the association of the Tx TEG ID to the UL SRS resource(s).     o There is no association of the Tx TEG ID to any specific UE Rx-Tx time difference measurement, they are only reported in the same multi-RTT report.     o The association of the UE Tx TEG ID to the UL SRS resource(s) is given by the UE TX TEG definition.     o The UE TX TEG ID is reported for all UL SRSs.     o FFS: details of the signalling.

At RAN1#106 the following agreement was made
---------------------------------------------- RAN1#106-e agreement ---------------------------------------------
Agreement:
· Consider supporting one of the following alternatives related to the UE Rx-Tx time difference (decision to be made in RAN1#106b):
· Option 1: 
· Subject to UE capability, the UE may report an additional UL Timestamp associated to a UE Rx-Tx measurement, corresponding to the timing of the uplink subframe of a positioning SRS.
· Add the following to the UE Rx-Tx time difference definition (similar to the definition for HD-FDD UE in TS 36.214): 
· If the UE does not transmit SRS in subframe #j, and if the UE reports an additional timestamp for the positioning SRS associated to the measurement, it shall compensate for the difference in the transmit timing of uplink subframe #j and the transmission timing of the subframe containing positioning SRS.
· Option 2: 
· Subject to a UE capability, a UE may optionally report Timing Adjustment (TA) change information
· Option 3A: The TA change information is included in the UE Tx TEG report
· Option 3B: The TA change information is included in the Rx-Tx measurement report
· Note: TA change information corresponds to: Tx Timing change with a timestamp that this change occurred.
· Option 3: 
· Subject to UE capability, the UE may report an additional UL Timestamp associated to a UE Rx-Tx measurement, corresponding to the timing of the uplink subframe of a positioning SRS.
· Add the following to the UE Rx-Tx time difference definition (similar to the definition for HD-FDD UE in TS 36.214): 
· If the UE does not transmit SRS in subframe #j, and if the UE reports an additional timestamp for the positioning SRS associated to the measurement, it is up to UE to compensate for the difference in the transmit timing of uplink subframe #j and the transmission timing of the subframe containing positioning SRS, or include the difference (Timing Adjustment change) without compensation within the report
· Other options are not precluded. 
---------------------------------------------- end RAN1#106-e agreement ---------------------------------------------
Transmission timing is defined in 38.133:

The uplink frame transmission takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. For serving cell(s) in pTAG, UE shall use the SpCell as the reference cell for deriving the UE transmit timing for cells in the pTAG. For serving cell(s) in sTAG, UE shall use any of the activated SCells as the reference cell for deriving the UE transmit timing for the cells in the sTAG.
One may note here that if there is no carrier aggregation (CA) or dual connectivity (DC) the reference cell is simply the single serving cell. In case of CA/DC the reference cell is one of the serving cells.
The RAN4 requirements for TX timing are very relaxed but in practice the accuracy is much better or at least the drift with time is typically small.
To keep track of uplink frame timing the UE typically tunes an oscillator to the RX frequency of the reference cell (using e.g.  the CSI-RS for tracking transmitted from the reference cell for tuning) and use that oscillator as a UE clock. In addition, the UE regularly measures the time of arrival of the first path (again using e.g. the CSI-RS for tracking) to check the uplink frame timing relative to the DL frame timing. If a deviation from the stipulated relative timing is seen, then an autonomous timing adjustment of the UL frame timing is performed in accordance with rules described in 38.133. The UE also adjusts the UL frame timing after receiving a TA command, changing .
Tuning to the DL frequency means that the UE clock is affected by doppler shifts in such a way that it compensates for the movements of the UE to keep the UL TX  frame timing relative to the DL RX frame timing constant even though the propagation time changes. Still, due to imperfect tuning and/or disruptive channel events, such as blocking of the first path or unblocking of a new first path, the TX UL frame timing relative to the DL RX frame timing does change, eventually resulting in timing adjustments. UE movements and the corresponding change in propagation time also result in misalignment of RX UL frames at the gNB, triggering the gNB to send a TA command to the UE.
So, what do we mean then with a change in TX UL frame timing? Clearly we don’t mean a change relative to the gNB time or some absolute time since the UE has no such time and isn’t even striving to achieve any such time. The UE time should be ‘dopplershifted’ relative to gNB time and absolute time. The UE should only strive to keep the UL TX  frame timing relative to the DL RX frame timing constant.
A change in TX UL frame timing must therefore mean a change in UL TX frame timing relative to the DL RX frame timing of the reference cell (as defined in 38.133 - not positioning reference cell). There are three types of such changes
1. Timing adjustments due to a TA command from the gNB
2. Changes due to disruptive channel events, such as blocking of the first path or unblocking of a new first path in the channel of the reference cell
3. Changes due to imperfect tuning to the RX DL from the reference cell or drift of the UE oscillator frequency between DL frequency estimates used for tuning
4. Autonomous timing adjustments to correct for changes of type 2 or type 3 above, once detected by the UE
Type 1, timing adjustments due to a TA command from the gNB, clearly need to be compensated for to achieve accurate RTT estimation when they occur between the RX of the DL PRS used for the UE Rx-Tx time difference measurement and the TX of an UL SRS used for the gNB Rx-Tx time difference measurement.
Type 2 and type 3 changes are not known by the UE until at some point the UE measures the TOA of the first path of the reference cell. When such a change is discovered the UE compensates for that change by performing a type 4 timing adjustment.
When a type 4 timing adjustment occurs between the RX of the DL PRS used for the UE Rx-Tx time difference measurement and the TX of an UL SRS used for the gNB Rx-Tx time difference measurement, then this is a correction of timing changes of type 2 and/or type 3. These type 2 and/or type 3 changes can be separated into two parts, depending on if they occurred before both the DL PRS RX and the UL SRS TX or not. Consequently, the type 4 timing adjustment can also be separated into the sum of two parts where the first part compensates for changes before both the DL PRS RX and the UL SRS TX and the second part compensates for the remaining change (see Figure 5 for a schematic illustration). The first part of the timing adjustment is something that we would like to compensate for in order to improve the RTT estimate. The second part, however, cancels a timing change of type 3 or type 4 which also occurs between the DL PRS RX and the UL SRS TX. This cancellation of timing changes improve the RTT estimate and should not be compensated for. Compensating for the second part of the type 4 timing adjustment would reduce the accuracy of the RTT estimate. Unfortunately, there is in reality no way to separate a type 4 timing adjustments into these two parts. As a consequence, we don’t know if compensation for a type 4 timing adjustments will improve or reduce RTT accuracy.
[bookmark: _Toc84015110]Compensation of RTT estimates for autonomous timing adjustments sometimes improve RTT accuracy and sometimes reduce RTT accuracy.
[image: ]
[bookmark: _Ref83211618]Figure 5 An autonomous timing adjustment occurring between the DL PRS RX and the UL SRS TX coupled to a RTT estimate, adjusts for drifts of the TX UL frame timing relative to the RX DL frame timing of the reference cell occuring partly before and partly after the DL PRS TX.
It’s therefore better to report timing adjustments to the network rather than to let the UE perform a compensation of the UE Rx-Tx time difference measurement. The LMF can then use a number of alternative strategies such as e.g.
· Discard or downweigh measurements that are impacted by timing adjustments
· Here the weight may depend on the size of reported timing adjustment
· Compensate RTT estimates using reported timing adjustments
· This may be a good strategy e.g. when the time between DL PRS and UL SRS is short and thus it’s likely that most of the drift happened before the DL PRS RX and UL SRS TX.
· Duplicate RTT estimates and compensate one of the duplicate RTT estimates with the reported timing adjustment, using an outlier rejection method like e.g. RANSAC to reject the faulty one.
· Select a gNB Rx-Tx time difference measurement based on an SRS such that no timing adjustment was made between DL PRS RX and UL SRS TX (assuming multiple gNB Rx-Tx time difference measurement based on different SRSs are reported).
· Compensate serving cell UE Rx Tx time difference measurements with the timing adjustment but leaving non serving cell measurements as they are.
[bookmark: _Toc84015111]If the UE reports timing adjustments to the network rather than compensating the UE Rx-Tx time difference measurement for them, the LMF can use a number of alternative strategies for the use of the timing adjustments such as e.g.              (1) Discard or downweigh measurements that are impacted by timing adjustments. (2) Compensate RTT estimates using reported timing adjustments. (3) Duplicate RTT estimates and compensate one of the duplicate RTT estimates with the reported timing adjustment, using an outlier rejection method like e.g. RANSAC to reject the faulty one. (4) Select a gNB Rx-Tx time difference measurement based on an SRS such that no timing adjustment was made between DL PRS RX and UL SRS TX
We also note that the UE doesn’t know which UL SRS that will be used for the gNB Rx-Tx time difference measurement that the LMF combines with the UE Rx-Tx time difference measurement into an RTT estimate. Thus, the UE doesn’t know what timing adjustments that fall into the time interval between RX of DL PRS and TX of UL SRS. Consequently, the UE doesn’t know which timing adjustments to compensate for in a UE Rx-Tx time difference measurement.
[bookmark: _Toc84015112]The UE doesn’t know which UL SRS that will be used for the gNB Rx-Tx time difference measurement that the LMF combines with the UE Rx-Tx time difference measurement into an RTT estimate. Thus, the UE doesn’t know what timing adjustments that fall into the time interval between RX of DL PRS and TX of UL SRS. Consequently, the UE doesn’t know which timing adjustments to compensate for in a UE Rx-Tx time difference measurement.
Finally we note that reporting of timing adjustments allows RAN4 to set tighter requirements under the condition that no timing adjustment was made and reported. Timing adjustments are rare events, especially in controlled test case environments and it should be no problem to gather statistics based on multi RTT reports without timing adjustments. 
[bookmark: _Toc84015113]Reporting of timing adjustments allows RAN4 to set tighter requirements under the condition that no timing adjustment was made and reported. Timing adjustments are rare events, especially in controlled test case environments and it should be no problem to gather statistics based on multi RTT reports without timing adjustments. 
We conclude that there are very strong arguments in favor of option 2 in the agreement related to the UE Rx-Tx time difference at RAN1#106e and we propose to support that option in Rel. 17
[bookmark: _Toc84015085]Support option 2 in the agreement related to the UE Rx-Tx time difference at RAN1#106e: Subject to a UE capability, a UE may optionally report Timing Adjustment (TA) change information • Option 2A: The TA change information is included in the UE Tx TEG report •	Option 2B: The TA change information is included in the Rx-Tx measurement report • Note: TA change information corresponds to: Tx Timing change with a timestamp that this change occurred.
Regarding Option 2A and 2B above, option 2A should be supported. It’s however still being discussed whether the UE Tx TEG report is sent over RRC to the gNB or over LPP to the LMF and in the latter case if it’s included as a part of the multi RTT report. Option 2B is unclear since UE Rx-Tx measurements are included in the multi-RTT report and there is no report called Rx-Tx measurement report. As already noted, inclusion in the multi-RTT report isn’t precluded by option 2A.
[bookmark: _Toc84015086]Support option 2A in the agreement related to the UE Rx-Tx time difference at RAN1#106e: Subject to a UE capability, a UE may optionally report Timing Adjustment (TA) change information • Option 2A: The TA change information is included in the UE Tx TEG report •	FFS whether the UE Tx TEG report is sent over RRC to the gNB or over LPP to the LMF and in the latter case if it’s included as a part of the multi RTT report. • Note: TA change information corresponds to: Tx Timing change with a timestamp that this change occurred.
Since changes due to TA commands should always be compensated for, TA command timing adjustments and autonomous timing adjustments should be reported separately even if applied in the same time instance. To separate the two, timing adjustments should be reported together with a timestamp and a cause, where the cause can be either ‘TA command’ or ‘Autonomous’.
[bookmark: _Toc84015087]TA command timing adjustments and autonomous timing adjustments should be reported separately even if applied in the same time instance.
[bookmark: _Toc84015088]Timing adjustments should be reported together with a timestamp and a cause, where the cause can be either ‘TA command’ or ‘Autonomous’.
With the understanding from the analysis above we can now also resolve some of the open issues in the following agreement from RAN1#106-e:
---------------------------------------------- RAN1#106-e agreement ---------------------------------------------
Agreement:
Make the following modification of the previous agreement:
For mitigating UE Tx/Rx timing errors for DL+UL positioning, a UE may should support, up to UE capability, either 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 UE RxTx TEG IDs are related/associated to UE Tx TEG IDs and/or UE Rx TEG IDs and to the UE Rx-Tx measurements. 
· Option 2: Reporting of UE RxTx TEG ID is not supported by the UE; reporting of UE Rx TEG ID and UE Tx TEG ID is supported. 
· In either option, a UE Tx TEG ID is associated with (downselection needed)
· Alt. 1: an UL SRS resource for positioning corresponding to the Tx timing of the UE Rx-Tx measurement
· Alt. 2: the Tx timing of the UE Rx-Tx measurement
· Alt. 3: one or more UL SRS resources for positioning
· Note: An UE 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
---------------------------------------------- end RAN1#106-e agreement ---------------------------------------------
In bullet three alternative 3 should be selected, i.e.
· In either option, a UE Tx TEG ID is associated with one or more UL SRS resources for positioning
[bookmark: _Toc84015089]In the agreement at RAN1#106-e for mitigating UE Tx/Rx timing errors for DL+UL positioning, alternative 3 should be selected in the downselection of bullet three.
The FFS in bullet 5 is resolved by
· Reporting a UE Tx TEG ID for each UL SRS resource. The LMF is then free to use a gNB Rx-Tx time difference measurement based on any UL SRS and will still know both the UE RX TEG and the UE TX TEG association.
[bookmark: _Toc84015090]In the agreement at RAN1#106-e for mitigating UE Tx/Rx timing errors for DL+UL positioning, the FFS in bullet 5 is resolved by reporting a UE Tx TEG ID for each UL SRS resource. The LMF is then free to use a gNB Rx-Tx time difference measurement based on any UL SRS and will still know both the UE RX TEG and the UE TX TEG association.
The FFS in bullet 6 finally is resolved since
· Timing adjustments should be reported. As a consequence there is no need to modify the definition of the Rx-Tx time difference measurement
[bookmark: _Toc84015091]In the agreement at RAN1#106-e for mitigating UE Tx/Rx timing errors for DL+UL positioning, the FFS in bullet 6 is resolved through reporting of timing adjustments. As a consequence there is no need to modify the definition of the Rx-Tx time difference measurement
We combine these proposals into the following proposal for modification of the previous agreement
---------------------------------------------- Proposed agreement ---------------------------------------------
Agreement:
Make the following modification of the previous agreement:
For mitigating UE Tx/Rx timing errors for DL+UL positioning, a UE should support, up to UE capability, either one or both of the following options:
· Option 1: Reporting of UE RxTx TEG ID 
· FFS: Further details on how the UE RxTx TEG IDs are related/associated to UE Tx TEG IDs and/or UE Rx TEG IDs and to the UE Rx-Tx measurements. 
· Option 2: Reporting of UE Rx TEG ID and UE Tx TEG ID. 
· In either option, a UE Tx TEG ID is associated with (downselection needed)
· Alt. 1: an UL SRS resource for positioning corresponding to the Tx timing of the UE Rx-Tx measurement
· Alt. 2: the Tx timing of the UE Rx-Tx measurement
· Alt. 3: one or more UL SRS resources for positioning
· Note: An UE 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 The 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) is resolved by. 
· Reporting a UE Tx TEG ID for each UL SRS resource. The LMF is then free to use a gNB Rx-Tx time difference measurement based on any UL SRS and will still know both the UE RX TEG and the UE TX TEG association.
· FFS: The potential impact and modification on the definition of Rx-Tx time difference measurements Timing adjustments should be reported. As a consequence there is no need to modify the definition of the Rx-Tx time difference measurement.
---------------------------------------------- end Proposed agreement ---------------------------------------------
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 2.1 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: _Toc84015092]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.
The UE would report multiple UE RX-TX time difference measurements, each based on a TOA measurement utilizing one of the UE RX TEGs.
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 11).
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 Observations on RxTx TEGs
As we have understood it from the proponents of RxTx TEGs, this is something very different from Rx TEGs and TX TEGs. According to the proponents a UE may have a capability to perform measurements of the combined delay of a TX branch and an RX branch by transmitting a signal from the TX branch and receiving it over the RX branch. This combined delay could be used to estimate the sum of the timing errors for that TX branch and RX branch. This, in turn could be used to correct RTT estimates for timing errors as


Where C is the estimated timing error correction term, which depends on the UE RX branch used for the DL PRS used for the UE Rx-Tx time difference measurement and the UE TX branch of the UL SRS used for gNB Rx-Tx time difference measurement.
The proponents of the RxTx TEGs have argued that the correction term should be incorporated into the UE Rx-Tx time difference measurement. This is cumbersome since the UE Rx-Tx time difference measurement is independent of the UL SRS and the TX branch used for the UL SRS. Consequently, the proponents want the definition of the UE Rx-Tx time difference measurement to be modified. However, the UE has no way of knowing which UL SRS the gNB will use to perform the gNB Rx-Tx time difference measurement, and thus the UE doesn’t know which correction term to use. If a UE would have the capability to estimate timing errors, it would be better for the UE to signal the correction terms separately from the UE Rx-Tx time difference measurement. This could be incorporated into the TEG concept by identifying UE RX branches with UE RX TEGs and UE TX branches with TX TEGs and reporting a timing error correction for each combination of UE RX TEG and UE TX TEG. This reporting could be incorporated into the multi-RTT report and would allow the LMF to use any gNB Rx-Tx time difference measurement reported from the gNB for RTT estimation independently of it’s UE TX TEG association.
The UE method to perform measurements of the combined delay of a TX branch and an RX branch by transmitting a signal from the TX branch and receiving it over the RX branch does, however, rely on an unscheduled UE transmission in licensed spectrum. Before agreeing to such a proposal RAN4 should investigate output power levels required and impacts on interference.
[bookmark: _Toc84015114]The UE method to perform measurements of the combined delay of a TX branch and an RX branch by transmitting a signal from the TX branch and receiving it over the RX branch relies on an unscheduled UE transmission in licensed spectrum. Before agreeing to such a proposal RAN4 should investigate output power levels required and impacts on interference.
[bookmark: _Toc84015115]If a UE would have the capability to perform measurements of the combined delay of a TX branch and an RX branch by transmitting a signal from the TX branch and receiving it over the RX branch, then it would be better to signal the estimated timing errors to LMF rather than to compensate for the estimated timing errors into the UE Rx-Tx time difference measurement.
[bookmark: _Toc84015093]The definition of the UE Rx-Tx time difference measurement should not be changed.
We note that by definition, the difference in timing error between two TEGs is smaller than a certain margin. This enables the LMF or UE to form differences between measurements associated to the same TEG in order to partially cancel timing errors (the remaining timing error is smaller than the margin). If the margin is to be defined by UE capabilities, RAN4 requirements, or some more dynamic signaling remains to be decided, but we note that the margin could depend on the bandwidth of the DL PRS/UL SRS since filter group delays gets smaller with the bandwidth.
This is true for the RX TEGS as well as for the TX TEGs. As far as we understand the proponents of the RxTx TEG this is, however, not supposed to be the case for the RxTx TEGs. For RxTx TEGs the margin is supposed to put a limit not to the difference between timing errors but on the timing error itself. The RxTx TEGs would thus not be used to form differences cancelling timing errors. The RxTx TEG would only be a way to convey the maximum timing error of a measurement. We think this could be more easily conveyed by simply signaling the maximum timing error of the measurement. If the number of possible values for the maximum timing error of the measurement would be equal to the number of RxTx TEGs the signaling overhead would be the same, and in fact the solutions would be equivalent. To use the TEG nomenclature in this way we think is just obscuring something very simple. To our understanding, different RxTx TEGs would not correspond to different RX and/or TX branches or different antenna panels but just to different bandwidths of the DL PRS and/or UL SRS and potentially other things impacting the maximum size of the timing errors.
[bookmark: _Toc84015116]As far as we understand the proponents of the RxTx TEG, the RxTx TEG margin is supposed to put a limit not to the difference between timing errors but on the timing error itself. The RxTx TEGs would thus not be used to form differences cancelling timing errors. The RxTx TEG would only be a way to convey the maximum timing error of a measurement. We think this could be more easily conveyed by simply signaling the maximum timing error of the measurement.
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.
Since filter group delays typically depend on temperature, temperature variations is one source of changes in timing errors. Fast variations of temperature are in turn due to changes in power consumption in the UE e.g. due to turning on and off UE transmission. Such state changes are known by the UE and could be used to understand if there is a risk for timing error changes or not.
One possibility to handle all these different types of changes in timing errors would be to let the UE maintain a temporal timing error index (TTEI). The current value of the TTEI would be reported together with each reported TEG association. The timing error difference between two measurements based on the same TEG would be smaller than the margin if the difference in reported TTEI is smaller than a fixed value of N index steps. However, if the TTEI difference is larger than or equal to N, then the timing error difference can’t be assumed to be smaller than the margin. The TTEI could be increased at a steady low pace (linearly with time) during periods when the UE state in terms of power consumption is stable. In a transition period after a UE power consumption state change the index could be increased at a higher pace. At the time instance when a UE performs an autonomous timing adjustment, the index could be incremented with a fixed numbers of steps. In this way, processes that are linear as well as nonlinear in time can be accounted for. The TTEI obviously needs to have a fixed size and when reaching it’s maximum it will restart from zero. TTEI differences will thus need to be calculated in a circular fashion. The size needs to be big enough to allow the LMF to distinguish when the TTEI index has restarted from zero. Not, however, that if the TTEI index has been incremented with N steps since the last report to the LMF, the UE can pause the index without impacting TEG validation in time. Doing so, the difference in TTEI between two subsequently reported TTEI will never be larger than N. The size of the TTEI would thus not have to be larger than N+1. Since mod(k+N,N+1)=k-1 a subsequent reports would then never go a full circle in index value, allowing the LMF to keep track of TTEI loops.
Note that for three subsequent measurements A, B and C, associated to the same TEG the timing error difference could be ensured to be below the margin for the pairs {A, B} and {B, C} but not for the pair {A, C} due to the larger accumulated timing error drifts between A and C. This fact can be captured by the TTEI, e.g. by stepping up the TTEI with N-1 steps between A and B as well as between B and C.
[bookmark: _Toc84015094]Support UE to maintain a UE RX temporal timing error index (TTEI). The state of the UE RX TTEI at the instance of DL PRS reception for an RSTD or UE Rx-Tx time difference measurement should be reported together with UE RX TEG association, timestamp and RSTD/UE Rx-Tx time difference measurement in the DL-TDOA/multi-RTT measurement report. The timing error difference between two measurements based on the same UE RX TEG should be smaller than the margin if the difference in reported UE RX TTEI is smaller than a fixed value of N index steps. The UE RX TTEI difference between two subsequent UE RX TTEIs reported to the LMF should not be larger than N. FFS: [N=7], [Size of TTEI = 8].
[bookmark: _Toc84015095]Support UE to maintain a UE TX temporal timing error index (TTEI). The state of the UE TX TTEI at the instance of UL SRS transmission should be reported together with UE TX TEG association and timestamp. The timing error difference between two UL SRS transmissions based on the same UE TX TEG should be smaller than the margin if the difference in reported UE TX TTEI is smaller than a fixed value of N index steps. The UE TX TTEI difference between two subsequent UE TX TTEIs reported to the LMF should not be larger than N. FFS: [N=7], [Size of TTEI = 8].

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: _Toc84015096]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 ---------------------------------------------
At RAN1#106e the following agreement was made
---------------------------------------------- RAN1#106-e agreement ---------------------------------------------
Agreement:
Consider the following options (both could be selected) until RAN1#106b-e
· Option 1: Support LMF to optionally indicate the measurement time window (MTW) for a UE for the measurement instances included in a measurement report. 
· Option 2: Support LMF to optionally indicate the measurement time window for a gNB for the measurement instances included in a measurement report.
· FFS: the details of the MTW configuration.
· Any requirements can be discussed by RAN4 after decision on the options is made.
---------------------------------------------- end RAN1#106-e agreement ---------------------------------------------

We think that it’s unclear from this agreement at RAN1#106e whether there is one MTW per measurement instance or one MTW per measurement report which is applicable to all measurement instances in that measurement report.
Originally  the discussion centered on how to control measurement averaging/filtering as illustrated in Figure 6. Making the measurement time window over which filtering is performed smaller results in
· Smaller risk that the TEG association changes within the measurement time window
· Smaller movement of the UE within the measurement time window
· Smaller changes to the channel within the measurement time window
· Smaller drift of UE clock within the measurement time window
To have multiple measurement instances, each filtered over a short MTW also allow calculation of RTT based on UE and gNB Rx-Tx time difference measurement instances that are closely matched in time. Averaging over measurement instances can then be performed after the RTT calculation, resulting in improved accuracy.
Two alternative ways to define the measurement time window over which to filter measurements were discussed as illustrated by the FFSs in the agreement from RAN1#104:
---------------------------------------------- RAN1#104-e agreement ---------------------------------------------
· 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)
-------------------------------------------- END RAN1#104-e agreement ------------------------------------------
The two alternatives discussed were
1. To explicitly define a MTW for each time instance.
2. To limit filtering to N consecutive instances of a periodic DL PRS Resource set (or M consecutive instances of a periodic UL SRS)
Here, we think alternative one is preferable since it isn’t limited to periodic RSs and also allows for the use of multiple DL PRSs transmitted from the same TRP.
Consequently, we propose that it’s clarified in the agreement from RAN1#104-e that one measurement time window should be indicated by the LMF for each measurement time instance.
[bookmark: _Toc84015097][bookmark: _Toc83972244][bookmark: _Toc83972245][bookmark: _Toc83972246][bookmark: _Toc83972247][bookmark: _Toc83972248][bookmark: _Toc83972249][bookmark: _Toc83972250]Clarify in the agreement from RAN1#104-e on measurement instances that there is one measurement time window for each measurement instance
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: _Toc84015098]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 there are many ways to achieve control of UE averaging/filtering over measurements made based on different occasions of a DL PRS. One possibility would be to configure a measurement filtering time window length without specifying the exact location of the window in time. We are open to discuss alternative solutions.



[image: ]
[bookmark: _Ref83904321]Figure 6 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: _Toc84015117]In contrast to mm-wave UEs that typically have multiple antenna panels gNBs typically have only one antenna panel per TRP.
[bookmark: _Toc84015118]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: _Toc84015119]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: _Toc84015120]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: _Toc84015099]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: _Toc84015100]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 [bookmark: _Ref78282037] The TEG definition
At RAN1#104-e the following agreement was made regarding the definition of TEGs
---------------------------------------------- RAN1#104-e agreement ---------------------------------------------
Agreement:
The following definitions are used for the purpose of discussion of internal timing errors (these terms are not agreed to be included in the specifications):
· Tx timing error: From a signal transmission perspective, there will be a time delay from the time when the digital signal is generated at baseband to the time when the RF signal is transmitted from the Tx antenna. For supporting positioning, the UE/TRP may implement an internal calibration/compensation of the Tx time delay for the transmission of the DL PRS/UL SRS signals, which may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE. The compensation may also possibly consider the offset of the Tx antenna phase center to the physical antenna center. However, the calibration may not be perfect. The remaining Tx time delay after the calibration, or the uncalibrated Tx time delay is defined as Tx timing error. 
· Rx timing error: From a signal reception perspective, there will be a time delay from the time when the RF signal arrives at the Rx antenna to the time when the signal is digitized and time-stamped at the baseband. For supporting positioning, the UE/TRP may implement an internal calibration/compensation of the Rx time delay before it reports the measurements that are obtained from the DL PRS/UL SRS signals, which may also include the calibration/compensation of the relative time delay between different RF chains in the same TRP/UE. The compensation may also possibly consider the offset of the Rx antenna phase center to the physical antenna center. However, the calibration may not be perfect. The remaining Rx time delay after the calibration, or the uncalibrated Rx time delay is defined as Rx timing error. 
· 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.
· TRP Tx ‘timing error group’ (TRP Tx TEG): A TRP Tx TEG is associated with the transmissions of one or more DL PRS resources, which have the Tx timing errors within a certain margin.
· UE Rx ‘timing error group’ (UE Rx TEG): A UE Rx TEG is associated with one or more DL measurements, which have the Rx timing errors within a certain margin.
· TRP Rx ‘timing error group’ (TRP Rx TEG): A TRP Rx TEG is associated with one or more UL measurements, which have the Rx timing errors within a margin.
· UE RxTx ‘timing error group’ (UE RxTx TEG): A UE RxTx TEG is associated with one or more UE Rx-Tx time difference measurements, and one or more UL SRS resources for the positioning purpose, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.
· TRP RxTx ‘timing error group’ (TRP RxTx TEG): A TRP RxTx TEG is associated with one or more gNB Rx-Tx time difference measurements and one or more DL PRS resources, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.
---------------------------------------------- end RAN1#104-e agreement ---------------------------------------------
In RAN4 and maybe to some extent also in RAN1, there has been some confusion as to what is meant by ‘timing errors being within a certain margin’. We therefore think that it could be good to clarify the definition.
---------------------------------------------- start text proposal ---------------------------------------------
· 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 , i.e. the difference in UE TX timing error between two UL SRS resources associated to the same UE Tx TEG is smaller than the margin .
· TRP Tx ‘timing error group’ (TRP Tx TEG): A TRP Tx TEG is associated with the transmissions of one or more DL PRS resources, which have the Tx timing errors within a certain margin , i.e. the difference in TRP TX timing error between two DL PRS resources associated to the same TRP Tx TEG is smaller than the margin .
· UE Rx ‘timing error group’ (UE Rx TEG): A UE Rx TEG is associated with one or more DL measurements, which have the Rx timing errors within a certain margin , i.e. the difference in UE Rx timing error between two DL measurements associated to the same UE Rx TEG is smaller than the margin .
· TRP Rx ‘timing error group’ (TRP Rx TEG): A TRP Rx TEG is associated with one or more UL measurements, which have the Rx timing errors within a margin , i.e. the difference in TRP Rx timing error between two UL measurements associated to the same TRP Rx TEG is smaller than the margin .
· UE RxTx ‘timing error group’ (UE RxTx TEG): A UE RxTx TEG is associated with one or more UE Rx-Tx time difference measurements, and one or more UL SRS resources for the positioning purpose, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin , i.e. the difference in UE RxTx timing error between two UE Rx-Tx time difference measurements and two corresponding UL SRS resources associated to the same UE RxTx TEG is smaller than the margin .
· TRP RxTx ‘timing error group’ (TRP RxTx TEG): A TRP RxTx TEG is associated with one or more gNB Rx-Tx time difference measurements and one or more DL PRS resources, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin , i.e. the difference in TRP RxTx timing error between two gNB Rx-Tx time difference measurements and two corresponding DL PRS resources associated to the same TRP RxTx TEG is smaller than the margin .
---------------------------------------------- end text proposal ---------------------------------------------
[bookmark: _Toc84015101]RAN1 to clarify the definition of timing error groups as given by the text proposal in section 11.

As should be well known, the reason for the definition is that the timing errors for Rx/Tx with the same antenna panel (i.e. TEG) have a common dominant error source. A timing error association doesn’t give any information on the size of the corresponding timing error.  It only gives information on the difference in timing errors within the TEG.
[bookmark: _Toc78282397][bookmark: _Toc79134022][image: ]
Figure 7 Illustration of timing error distribution for Rx/Tx associated to the same or different antenna panels or TEGs.
Conclusion
In the previous sections we made the following observations: 
Observation 1	A mm-wave UE today typically have three or four antenna panels.
Observation 2	A UE could perform multiple RSTD measurements using different UE RX TEGs based on; (1) different symbols in the same slot of the same DL PRS resource; (2) different repetitions of the same DL PRS resource; (3) different occasions of the same DL PRS resource; or (4) Simultaneous reception of the same DL PRS resource.
Observation 3	A restriction for an UL SRS to utilize a certain UE TX TEG can be combined with a spatial relation towards a DL PRS/SSB. 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.
Observation 4	Beam and UE TX TEG sweeping can be achieved by using multiple SRSs for sweeping or by using multiple ports of one SRS for sweeping. The latter alternative may be viewed as antenna switching. To achieve the multi TRP coverage needed for positioning, ports would need to be separated based on time division (TD). Using TD to separate ports the difference between antenna switching and beam and antenna panel sweeping would be very small.
Observation 5	UE TX timing differences between different TEGs are unknown by the UE. As a consequence, the TX timing used in the UE Rx-Tx time difference measurement is independent of Tx TEG.
Observation 6	The UE TX TEG is directly coupled to the UL SRS and thus indirectly also to the gNB Rx-Tx time difference measurement using that UL SRS.
Observation 7	A very indirect coupling of a UE TX TEG to a UE Rx-Tx time difference measurement is created by the LMF when it combines a UE Rx-Tx time difference measurement and a gNB Rx-Tx time difference measurement to form a RTT. Which UL SRS is used for the gNB Rx-Tx time difference measurement may depend e.g. on the channel which isn’t known beforehand. Thus, when signaling the multi-RTT report the UE has no way of knowing about this indirect coupling to be made by the LMF.
Observation 8	Reporting of UE TX TEG association of all SRS transmissions often results in a lower signaling load than reporting one TX TEG association for each UE Rx-Tx time difference measurement, since the number of configured SRSs is often smaller than the number of reported UE-Rx-Tx timed difference measurements.
Observation 9	Compensation of RTT estimates for autonomous timing adjustments sometimes improve RTT accuracy and sometimes reduce RTT accuracy.
Observation 10	If the UE reports timing adjustments to the network rather than compensating the UE Rx-Tx time difference measurement for them, the LMF can use a number of alternative strategies for the use of the timing adjustments such as e.g.              (1) Discard or downweigh measurements that are impacted by timing adjustments. (2) Compensate RTT estimates using reported timing adjustments. (3) Duplicate RTT estimates and compensate one of the duplicate RTT estimates with the reported timing adjustment, using an outlier rejection method like e.g. RANSAC to reject the faulty one. (4) Select a gNB Rx-Tx time difference measurement based on an SRS such that no timing adjustment was made between DL PRS RX and UL SRS TX
Observation 11	The UE doesn’t know which UL SRS that will be used for the gNB Rx-Tx time difference measurement that the LMF combines with the UE Rx-Tx time difference measurement into an RTT estimate. Thus, the UE doesn’t know what timing adjustments that fall into the time interval between RX of DL PRS and TX of UL SRS. Consequently, the UE doesn’t know which timing adjustments to compensate for in a UE Rx-Tx time difference measurement.
Observation 12	Reporting of timing adjustments allows RAN4 to set tighter requirements under the condition that no timing adjustment was made and reported. Timing adjustments are rare events, especially in controlled test case environments and it should be no problem to gather statistics based on multi RTT reports without timing adjustments.
Observation 13	The UE method to perform measurements of the combined delay of a TX branch and an RX branch by transmitting a signal from the TX branch and receiving it over the RX branch relies on an unscheduled UE transmission in licensed spectrum. Before agreeing to such a proposal RAN4 should investigate output power levels required and impacts on interference.
Observation 14	If a UE would have the capability to perform measurements of the combined delay of a TX branch and an RX branch by transmitting a signal from the TX branch and receiving it over the RX branch, then it would be better to signal the estimated timing errors to LMF rather than to compensate for the estimated timing errors into the UE Rx-Tx time difference measurement.
Observation 15	As far as we understand the proponents of the RxTx TEG, the RxTx TEG margin is supposed to put a limit not to the difference between timing errors but on the timing error itself. The RxTx TEGs would thus not be used to form differences cancelling timing errors. The RxTx TEG would only be a way to convey the maximum timing error of a measurement. We think this could be more easily conveyed by simply signaling the maximum timing error of the measurement.
Observation 16	In contrast to mm-wave UEs that typically have multiple antenna panels gNBs typically have only one antenna panel per TRP.
Observation 17	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 18	The agreements at RAN1#104bis-e to support TRP RX/TX TEGs will only result in unnecessary specification efforts.
Observation 19	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.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Subject to UE capability, support the LMF to request a UE to optionally measure the same DL PRS resource of a TRP with N different UE Rx TEGs and report the corresponding multiple RSTD measurements, where N=[2, 3,… ,Nmax], where Nmax is the number of UE RX TEGs which depends on UE capability. Nmax =[2, 3, 4] is supported. FFS: additional values for Nmax
Proposal 2	Each RSTD measurement should be reported with it’s own timestamp.
Proposal 3	Support a UE to perform multiple RSTD measurements towards the same TRP based on (1) different repetitions of the same DL PRS resource, (2) different symbols of the same DL PRS resource, (3) different occasions of the same DL PRS resource, and (4) simultaneous reception of the same DL PRS,  and to report these measurements to the LMF.
Proposal 4	Support configuration of UE to perform multiple RSTD measurements towards the same TRP, utilizing different UE RX TEGs, e.g. by including an indicator in the NR-DL-TDOA-RequestLocationInformation IE.
Proposal 5	Inform RAN4 with an LS that RAN4 requirements should capture that, subject to UE capability, a UE configured to perform and report multiple RSTD measurements towards the same TRP, utilizing different UE RX TEGs, shall report one RSTD measurement for each UE RX TEG association for which the DL PRS is received with an appropriate configuration and with high enough SINR.
Proposal 6	RAN1 to decide on option 2 in the agreement on UE Tx timing errors for UL TDOA at RAN1#105-e, i.e. 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 7	The UE can be configured to send UE TX TEG association reports for all SRS types.
Proposal 8	The UE can be configured with a list of SRS resource sets for which UE TX TEG association reporting should be performed.
Proposal 9	For reporting of UE Tx TEG association to SRS resources, support both the following options:
Option 1:  the LMF to request a UE to provide the periodic reporting of the association information between UE Tx TEG IDs and SRS resources, based on a configured periodicity
Option 2:  the LMF to request a UE to provide the report of the association information between UE Tx TEG IDs and SRS resources whenever the UE determines the previous association information is no longer valid
Proposal 10	It shall be possible to configure a UE with an SRS with a restriction for the UE to utilize a certain UE TX TEG when transmitting the SRS.
Proposal 11	The UE shall report the number of UE TX TEGs as part of UE capabilities.
Proposal 12	For UL-TDOA positioning, support a gNB to report RTOA measurements associated with different UE Tx TEGs from a UE
Proposal 13	Support SRS with beam and UE TX TEG sweeping.
Proposal 14	The UE supporting UE TX TEG and beam sweeping shall report the number of UE TX TEGs and the number of beams to sweep per UE TX TEG as part of UE capabilities.
Proposal 15	The UE should report the UE TX TEG association of all SRS transmissions that could potentially be used for gNB Rx-Tx time difference measurements. The SRSs for which UE TX TEG association should be reported by the UE could be configurable by the network or alternatively the UE could report UE TX TEG association for all configured SRSs.
• If a Tx TEG ID is reported with a UE Rx-Tx time difference measurement, the UE should also report the association of the Tx TEG ID to the UL SRS resource(s).     o There is no association of the Tx TEG ID to any specific UE Rx-Tx time difference measurement, they are only reported in the same multi-RTT report.     o The association of the UE Tx TEG ID to the UL SRS resource(s) is given by the UE TX TEG definition.     o The UE TX TEG ID is reported for all UL SRSs.     o FFS: details of the signalling.
Proposal 16	Support option 2 in the agreement related to the UE Rx-Tx time difference at RAN1#106e: Subject to a UE capability, a UE may optionally report Timing Adjustment (TA) change information • Option 2A: The TA change information is included in the UE Tx TEG report • Option 2B: The TA change information is included in the Rx-Tx measurement report • Note: TA change information corresponds to: Tx Timing change with a timestamp that this change occurred.
Proposal 17	Support option 2A in the agreement related to the UE Rx-Tx time difference at RAN1#106e: Subject to a UE capability, a UE may optionally report Timing Adjustment (TA) change information • Option 2A: The TA change information is included in the UE Tx TEG report • FFS whether the UE Tx TEG report is sent over RRC to the gNB or over LPP to the LMF and in the latter case if it’s included as a part of the multi RTT report. • Note: TA change information corresponds to: Tx Timing change with a timestamp that this change occurred.
Proposal 18	TA command timing adjustments and autonomous timing adjustments should be reported separately even if applied in the same time instance.
Proposal 19	Timing adjustments should be reported together with a timestamp and a cause, where the cause can be either ‘TA command’ or ‘Autonomous’.
Proposal 20	In the agreement at RAN1#106-e for mitigating UE Tx/Rx timing errors for DL+UL positioning, alternative 3 should be selected in the downselection of bullet three.
Proposal 21	In the agreement at RAN1#106-e for mitigating UE Tx/Rx timing errors for DL+UL positioning, the FFS in bullet 5 is resolved by reporting a UE Tx TEG ID for each UL SRS resource. The LMF is then free to use a gNB Rx-Tx time difference measurement based on any UL SRS and will still know both the UE RX TEG and the UE TX TEG association.
Proposal 22	In the agreement at RAN1#106-e for mitigating UE Tx/Rx timing errors for DL+UL positioning, the FFS in bullet 6 is resolved through reporting of timing adjustments. As a consequence there is no need to modify the definition of the Rx-Tx time difference measurement
Proposal 23	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 24	The definition of the UE Rx-Tx time difference measurement should not be changed.
Proposal 25	Support UE to maintain a UE RX temporal timing error index (TTEI). The state of the UE RX TTEI at the instance of DL PRS reception for an RSTD or UE Rx-Tx time difference measurement should be reported together with UE RX TEG association, timestamp and RSTD/UE Rx-Tx time difference measurement in the DL-TDOA/multi-RTT measurement report. The timing error difference between two measurements based on the same UE RX TEG should be smaller than the margin if the difference in reported UE RX TTEI is smaller than a fixed value of N index steps. The UE RX TTEI difference between two subsequent UE RX TTEIs reported to the LMF should not be larger than N. FFS: [N=7], [Size of TTEI = 8].
Proposal 26	Support UE to maintain a UE TX temporal timing error index (TTEI). The state of the UE TX TTEI at the instance of UL SRS transmission should be reported together with UE TX TEG association and timestamp. The timing error difference between two UL SRS transmissions based on the same UE TX TEG should be smaller than the margin if the difference in reported UE TX TTEI is smaller than a fixed value of N index steps. The UE TX TTEI difference between two subsequent UE TX TTEIs reported to the LMF should not be larger than N. FFS: [N=7], [Size of TTEI = 8].
Proposal 27	Study how to handle frequency-dependent timing errors in NR Rel-17.
Proposal 28	Clarify in the agreement from RAN1#104-e on measurement instances that there is one measurement time window for each measurement instance
Proposal 29	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 30	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 31	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 32	RAN1 to clarify the definition of timing error groups as given by the text proposal in section 11.
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