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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
In this contribution, we investigate alternative techniques to mitigate the problems with UE Rx/Tx timing differences between different antenna panels and make proposals for what techniques to specify within the work item.
2 [bookmark: _Ref7792543][bookmark: _Ref7598514] Techniques to mitigate UE Rx/Tx timing delays 
2.1  UE TX timing error mitigation for UL-TDOA
[bookmark: _Ref61251014]Delay group reporting

As a consequence of primarily filter group delays, the UE may not know exactly when a signal such as the SRS is transmitted from the UE-antenna as demonstrated in Figure 1. If the UE has only one antenna panel, this TX timing error will cancel when TDOA measurements are formed from gNB TOA measurements. When the UE has multiple antenna panels, the TX timing error can be different for the different UE antenna panels and as a consequence TX timing errors don’t always cancel when forming gNB TDOA measurements as illustrated in Figure 2.
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[bookmark: _Ref61475844]Figure 1 As a consequence of primarily filter group delays, the UE may not know exactly when a signal such as the SRS is transmitted from the UE-antenna, resulting in an unknown TX-delay, . Note that  is the remaining error after any compensation performed by the UE for known delays and that  can be positive or negative.
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[bookmark: _Ref60905533]Figure 2 When the same UE antenna panel is utilized both for the target TRP and for the reference TRP, the TX timing errors cancel when the RSTD is formed (RSTD2) but when different UE antenna panels are utilized for the target TRP and for the reference TRP the TX timing errors don’t cancel when the RSTD is formed (RSTD1).
As a result of the TX timing differences the accuracy for UL TDOA positioning is reduced as shown by simulations for the InF-SH scenario in Figure 3.
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[bookmark: _Ref60927147]Figure 3 UL TDOA positioning accuracy for dual UE antenna panels with a random TX timing error with a normal distribution with std s = 0, 1, 2, 4 and  8ns truncated at 2s in the InF-SH scenario. A 2-symbol comb-2 UL SRS was used at 28GHz carrier, 120kHz subcarrier spacing and 400MHz bandwidth. Positioning accuracy is severely reduced for large TX timing errors.

However, if one reference TRP is used for each antenna panel when forming RSTD measurements then the TX timing errors do cancel as illustrated in Figure 4. Since one TRP per antenna panel is used as a reference, the number of useful RSTD measurements is reduced with the number of antenna panels minus one as compared to the normal case. In the figure, TRP-1 is added as reference TRP for antenna panel a while the standard REF-TRP is maintained as reference TRP for antenna panel b.
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[bookmark: _Ref60905608]Figure 4 When forming RSTD measurements in the normal way utilizing one reference TRP, the TX timing errors don’t generally cancel (e.g., RSTD1 and RSTD3). However, if one reference TRP is used for each antenna panel when forming RSTD measurements then the TX timing errors do cancel. In the figure, TRP-1 is added as reference TRP for antenna panel a while the standard REF-TRP is maintained as reference TRP for antenna panel b, resulting in the two TX timing error free RSTD measurements (e.g., RSTD2 and RSTD3-1).
To make this possible the network needs to know which antenna panel that was utilized for each SRS transmission.  However, in general, we don’t want to limit UE building practices.  Hence, it may not be desirable to introduce antenna panel ID in the specifications.  A more suitable approach is to group transmissions that have similar group delays into one group at the UE.  We refer to such a group as ‘delay group’ henceforth.  Each ‘delay group’ may be associated with an index.  This way, how the UE groups its transmissions utilizing different antennas or antenna panel(s) into different ‘delay groups’ can be left up to UE implementation.  It may be sufficient for the UE to signal to the network which ‘delay group’ is associated for each SRS transmission.  We therefore propose that signaling from the UE to the network of which ‘delay group’ is associated with each SRS-transmission from the UE be specified.
[bookmark: _Toc61904807]Specify signaling from the UE to the network of which ‘delay group’ is associated with each SRS-transmission from the UE.
[bookmark: _Ref61271583]TX timing error difference estimation
As already noted, the method described in section 2.1.1 above reduces the number of useful RSTD measurements since more TRPs are used as references. When the number of links is small, this can result in less measurements than is needed for triangulation. The method described in section 2.1.1 will therefore not always be sufficient and further enhancements are needed.
[bookmark: _Toc61904804]The multi-reference-TRP RSTD method reduces the number of useful RSTD measurements and will sometimes result in less measurements than is needed for triangulation. This method will therefore not always be sufficient in itself and further enhancements are needed.
If a UE transmits two UL SRS’s from two different UE antenna panels ‘towards’ the same TRP and the TRP can hear both SRSs then the UE TX timing error difference between the two antenna panels can be calculated as the TOA difference minus the scheduled TX time difference between the two SRSs, as illustrated in Figure 5. The network knows the scheduled TX time difference and can measure the TOA difference. As long as the network also knows which delay group (recall that one UE antenna panel may belong to one delay group) is associated with each SRS transmission, the UE TX timing error difference between the two delay groups (i.e., two antenna panels belonging to two delay groups) can thus be estimated and used to compensate for the TX timing errors when estimating the UE position.
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[bookmark: _Ref61362378]Figure 5 If a UE transmit one UL SRS’s from two UE antenna panel ‘towards’ the same TRP and the TRP can hear both SRSs then the UE TX timing error difference between the two delay groups (i.e., each antenna panel is associated with a delay group) can be calculated as the TOA difference minus the scheduled TX time difference between the two SRSs.
The main problem here is obviously that the TRP may not hear the signal from each UE antenna panel. The reason for the UE to have multiple antenna panels is after all to improve coverage. However, it’s not necessary that every TRP hears the SRS from each antenna panel. It’s enough that one TRP can hear each of the two antenna panels, as illustrated in Figure 6. If the TX-timing errors are decently stable with time it’s also not necessary, that the TRP can always hear the two antenna panels. How long time a TX timing error difference estimate is useful will depend on the time stability of the TX-timing errors. One may also note that positioning will not always fail if TX timing error difference estimation fails since the multi-reference-TRP RSTD method can still be used. When a TX timing error difference estimate is possible it will, however, increase the number of useful RSTD measurements and will thus in some cases (with very few hearable links) enable triangulation based positioning and in other cases (with more hearable links) improve positioning accuracy.
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[bookmark: _Ref61362506]Figure 6 . It’s enough that one TRP can hear each of the two antenna panels to allow estimation of the UE TX timing error difference between the two antenna panels.
[bookmark: _Hlk60910613]Another potential problem is that even though a TRP hears the SRS from each of the two antenna panels it may not hear the first peak, as illustrated in Figure 7. The TX timing error difference estimation can, however, be based on any peak in the CIR as long as it’s the same peak that is used for both antenna panels.
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[bookmark: _Ref61362545]Figure 7 One potential problem is that even though a TRP hears the SRS from each of the two antenna panels it may not hear the first peak. The TX timing error difference estimation can, however, be based on any peak in the CIR as long as it’s the same peak that is used for both antenna panels.
To ensure that the same CIR-peak is identified in the SRS transmitted from each of the two antenna panels, the temporal structure of the CIR can be utilized as illustrated in Figure 8. Two peaks identified with both antenna panel with the same lag between them are very likely to correspond to the same propagation paths.
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[bookmark: _Ref60910916]Figure 8 To ensure that the same CIR-peak is identified in the SRS transmitted from each of the two antenna panels the temporal structure of the CIR can be utilized. Two peaks identified with both antenna panel with the same lag between them are very likely to correspond to the same propagation paths.

In order to enable TX timing error difference estimation, the UE needs to transmit one SRS towards each TRP with each delay group (i.e., antenna panel). Thus, the SRS needs to be configurable with a spatial relation towards a DL PRS or SSB from a TRP with the additional configuration to utilize a certain delay group at the UE. The UE will then identify the best RX beam for reception of the DL PRS/SSB using the given delay group and use the reciprocal TX beam (using the same delay group) for the SRS transmission.
[bookmark: _Toc61904808]It shall be possible to configure an SRS with a spatial relation towards a DL PRS or SSB together with a configuration to utilize a certain delay group.
The network can then configure one SRS for each TRP and delay group 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 delay group to limit the overhead. For the normal SRS that is not configured to utilize a certain delay group signaling of the delay group used for each SRS transmission is needed. For the SRSs that are configured to utilize certain delay groups there is obviously no need for the UE to signal which delay group has been used for the SRS transmission since that is already known by the network.
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 certain delay groups are used no signaling of the delay groups used for SRS transmissions is needed for this mode of operation.
Simulations show that in the InF-SH scenario this type of multi panel transmission of SRSs that are configured to utilize certain delay groups can mitigate the problem with TX-timing error and give as good positioning accuracy as without TX timing error differences (see Figure 8). Note that the gain here comes both from the fact that the network knows which delay group that was used for each SRS transmission (as described in section 2.1.1) and from the fact that multiple SRSs were transmitted towards each TRP utilizing different delay groups (as described in here in section 2.1.2).
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[bookmark: _Ref60926860]Figure 9 UL TDOA positioning accuracy for dual UE antenna panels with a random TX timing error with a normal distribution with std s = 0ns and  8ns truncated at 2s in the InF-SH scenario. A 2-symbol comb-2 UL SRS was used at 28GHz carrier, 120kHz subcarrier spacing and 400MHz bandwidth. Results are given both with and without multi panel transmission (with multi panel transmission is denoted as ‘multi-tx’ in the figure). Multipanel transmission allows joint estimation of the UE position and of the TX timing errors per UE antenna panel and is seen to remove the problem of TX timing errors in this scenario.
[bookmark: _Ref61273401]Beam and panel sweeping SRS
The number  of SRS’s needed for the multi antenna panel scheme based on configuration to utilize certain delay groups is the number  of TRPs times the number  of delay groups at the UE, 
 ,
as illustrated in Figure 10.
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[bookmark: _Ref60989026]Figure 10 The number of SRS’s needed for the multi antenna panel scheme based on configuration to use certain delay groups is the number of TRPs times the number of delay groups at the UE.
An alternative multi antenna panel transmission scheme would be to let the UE transmit SRSs sweeping over all delay groups and transmit beams, as illustrated in Figure 11. All TRPs would then try to receive all SRSs, but would typically only manage to receive and perform measurements based on a small number of them. 
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[bookmark: _Ref60989207]Figure 11 The number of SRS’s needed for the multi antenna panel scheme based on delay group and beam sweeping is the number of delay groups at the UE times the number of UE beams per delay group, i.e. the total number of UE beams utilizing all delay groups.
The number  of SRS’s needed for the multi antenna panel scheme based on beam and delay group sweeping is simply the total number of UE transmit beams, which can be expressed as the number  of beams per delay group times the number  of delay groups at the UE, 
 .
Beam and delay group sweeping is thus more resource effective if there are more TRPs that can hear the UE than there are UE beams per delay group, 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 delay group sweeping scheme is more resource efficient in this scenario.
Beam and delay group sweeping could be achieved through explicit configuration of what delay group and beam the UE should use for each SRS transmission. This would require an indication of what delay group and beam to use in the SRS configuration. Alternatively, an SRS configuration with a preconfigured beam and delay group sweep could be defined.
We propose that RAN1 study beam and delay group sweeping further and consider this method to reduce positioning overhead for specification in Rel. 17.
[bookmark: _Toc61904809]RAN1 should study beam and delay group sweeping further and consider this method to reduce positioning overhead for specification in Rel. 17.

2.2 UE RX timing error mitigation for DL-TDOA
[bookmark: _Ref61363287] Delay group reporting
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[bookmark: _Ref61483301]Figure 12 As a consequence of delays in the RX-chain the UE may not know exactly when a signal such as the DL PRS is received at the UE-antenna, resulting in an unknown RX-delay, . Note that  is the remaining error after any compensation performed by the UE for known delays and that  can be positive or negative.
As a consequence of delays in the RX-chain the UE may not know exactly when a signal such as the DL PRS is received at the UE-antenna as demonstrated in Figure 12. If the UE has only one antenna panel this RX timing error will cancel when DL RSTD measurements are formed. When the UE has multiple antenna panels the RX timing error can be different for the different UE antenna panels and as a consequence RX timing errors don’t always cancel when forming DL RSTD measurements as illustrated in Figure 13.
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[bookmark: _Ref61254930]Figure 13 When the same UE antenna panel is utilized both for the target TRP and for the reference TRP the RX timing errors cancel when the RSTD is formed (RSTD2) but when different UE antenna panels are utilized for the target TRP and for the reference TRP the RX timing errors don’t cancel when the RSTD is formed (RSTD1).
As a result of the RX timing differences the accuracy for UL TDOA positioning is reduced as shown by simulations for the InF-SH scenario in Figure 3.
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Figure 14 DL TDOA positioning accuracy for dual UE antenna panels with a random RX timing error with a normal distribution with std s = 0, 1, 2, 4 and  8ns truncated at 2s in the InF-SH scenario. A 2-symbol comb-2 DL PRS was used at 28GHz carrier, 120kHz subcarrier spacing and 400MHz bandwidth. Positioning accuracy is severely reduced for large RX timing errors.

However, if one reference TRP is used for each antenna panel when forming RSTD measurements then the RX timing errors do cancel as illustrated in Figure 15. Since one TRP per antenna panel is used as a reference, the number of useful RSTD measurements is reduced with the number of antenna panels minus one as compared to the normal case. In the figure, TRP-1 is added as reference TRP for antenna panel a while the standard REF-TRP is maintained as reference TRP for antenna panel b.
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[bookmark: _Ref61255637]Figure 15 When forming DL RSTD measurements in the normal way utilizing one reference TRP, the TX timing errors don’t generally cancel (e.g., RSTD1 and RSTD3). However, if one reference TRP is used for each antenna panel when forming DL RSTD measurements then the RX timing errors do cancel. In the figure, TRP-1 is added as reference TRP for antenna panel a while the standard REF-TRP is maintained as reference TRP for antenna panel b, resulting in the two TX timing error free RSTD measurements (e.g., RSTD2 and RSTD3-1).
To make this possible the network needs to know which antenna panel that was utilized for each DL PRS reception and the corresponding TOA measurement.  As discussed above, we don’t want to restrict UE building practices.  Hence, it may not be desirable to introduce antenna panel ID in the specifications.  A more suitable approach is to group DL PRS receptions and the corresponding TOA measurements that have similar group delays into one group at the UE.  We refer to such a group as ‘delay group’.  Each ‘delay group’ may be associated with an index.  This way, how the UE groups its antennas or antenna panel(s) into different ‘delay groups’ can be left up to UE implementation.  It may be sufficient for the UE to signal to the network which ‘delay group’ is associated for each DL PRS reception.  We therefore propose that signaling from the UE to the network of which ‘delay group’ is associated with each DL PRS-reception and the corresponding TOA measurement be specified. This is clearly most effectively done by including delay group indications in the DL RSTD measurement report.
[bookmark: _Toc61904810]Include indication of delay group used for the DL PRS reception and the corresponding TOA measurement both for the reference TRP and for the target TRP in the DL RSTD measurement report.

[bookmark: _Ref61271604]RX timing error difference estimation
As already noted, the method described in section 2.2.1 above reduces the number of useful DL RSTD measurements since more TRPs are used as references. When the number of links is small this can result in less measurements than is needed for triangulation. The method described in section 2.2.1 will therefore not always be enough and further enhancements are needed.
[bookmark: _Toc61904805]The multi-reference-TRP RSTD method reduces the number of useful RSTD measurements and will sometimes result in less measurements than is needed for triangulation. This method will therefore not always be sufficient in itself and further enhancements are needed.
If a TRP transmits multiple DL PRSs towards the same UE and the UE utilizes different delay groups (i.e., antenna panels) to receive the different DL PRSs and to perform the corresponding TOA measurements, then the RX timing error difference between two delay groups can be calculated as the TOA difference minus the scheduled time difference between the corresponding two DL PRSs as illustrated in Figure 16. This can obviously only be done in cases when the UE can hear the DL PRSs with each of the two delay groups.
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[bookmark: _Ref61363390]Figure 16 If a TRP transmits two DL PRSs towards the same UE and the UE utilizes different delay groups to receive the different DL PRSs and to perform the corresponding TOA measurements, then the RX timing error difference between two delay groups can be calculated as the TOA difference minus the scheduled time difference between the corresponding two DL PRSs. This can obviously only be done in cases when the UE can hear the DL PRSs with both delay groups.
Here there are some alternatives when it comes to the distribution of functionalities between the UE and the network:
1. NW side RX timing error difference estimation
a. The UE reports multiple RSTD measurements based on different target TRP TOA measurements using different delay groups, indicating which delay group that was used for each DL RSTD measurement.
b. The network calculates the UE RX timing error differences based on the reported DL RSTD measurements and then performs positioning, or alternatively performs combined positioning and UE RX timing error difference estimation based on all reported DL RSTD measurements.
2. UE side RX timing error difference estimation and reporting
a. The UE estimates the RX timing error differences based on the measured TOAs and reports the estimated RX timing error differences to the network (separately or as part of the DL RSTD measurement reports).
b. NW performs positioning based on reported RX timing error differences and DL RSTD measurements.
3. UE side RX timing error difference estimation and compensation
a. The UE estimates the RX timing error differences based on the measured TOAs and compensates for the estimated differences in the DL RSTD reports.
b. NW performs positioning based on reported DL RSTD measurements in the normal way.
We note that with alternative three it won’t be possible for the network to know if the UE has been able to estimate and compensate for the RX timing error differences or not. We note also, that only alternative one allows for an optimal solution of the combined overdetermined equation system for both UE position and delay group timing differences. Thus, we propose that alternative one is specified.
[bookmark: _Toc61904811]Specify multi delay group RSTD measurements and the corresponding configuration and measurement reporting signalling.
One may also note that the TOA measurements with different delay groups need not necessarily be made based on different DL PRSs but could alternatively be done based on different temporal parts of the same DL PRS. The alternatives to consider are
1. different symbols of the same DL PRS
2. different repetitions of the same DL PRS
3. different occasions of the same DL PRS
4. different DL PRSs transmitted from the same TRP
5. Simultaneous reception of the same DL PRS (for UEs that have such capabilities)

[bookmark: _Toc61904812]RAN1 should study further under what circumstances the UE should be capable to perform multi delay group RSTD measurements, e.g. if multi delay group RSTD measurements can be performed using 1) different symbols of the same DL PRS, 2) different repetitions of the same DL PRS, 3) different occasions of the same DL PRS, 4) different DL PRSs transmitted from the same TRP, and/or 5) simultaneous reception of the same DL PRS.
The main problem with this method for RX timing error estimation is obviously that the UE may not hear the DL PRS using each UE antenna panel. The reason for the UE to have multiple antenna panels is after all to improve coverage. However, it’s not necessary that the UE hears the DL PRS for every TRP from each antenna panel. As illustrated in Figure 17 it’s enough that the UE can hear the DL PRS using each of the two antenna panels for one TRP. If the RX-timing errors are decently stable with time it’s also not necessary, that the UE can always hear the DL PRS using the two antenna panels. How long time a RX timing error difference estimate is useful will depend on the time stability of the RX-timing errors. One may also note that positioning will not always fail if RX timing error difference estimation fails since the multi-reference-TRP RSTD method described in section 2.1.1 can still be used. When a RX timing error difference estimate is possible it will, however, increase the number of useful RSTD measurements and will thus in some cases (with very few hearable links) enable triangulation based positioning and in other cases (with more hearable links) improve positioning accuracy.
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[bookmark: _Ref61363663]Figure 17 . It’s enough that the UE can hear one TRP with each of the two antenna panels to allow estimation of the UE RX timing error difference between the two antenna panels.
Another potential problem is that even though a TRP hears the SRS from each of the two antenna panels it may not hear the first peak, as illustrated in Figure 18. The TX timing error difference estimation can, however, be based on any peak in the CIR as long as it’s the same peak that is used for both antenna panels.
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[bookmark: _Ref61363728]Figure 18 One potential problem is that even though the UE hears the DL PRS using each of the two antenna panels it may not hear the first peak. The RX timing error difference estimation can, however, be based on any peak in the CIR, as long as it’s the same peak that is used for both antenna panels.
To ensure that the same CIR-peak is identified using each of the two antenna panels the temporal structure of the CIR can be utilized as illustrated in Figure 19. Two peaks identified with both antenna panel with the same lag between them are very likely to correspond to the same propagation paths.
[image: ]
[bookmark: _Ref61259724]Figure 19 To ensure that the same CIR-peak is identified using each of the two antenna panels the temporal structure of the CIR can be utilized. Two peaks identified with both antenna panels with the same lag between them are very likely to correspond to the same propagation paths.
Simulations show that in the InF-SH scenario the use of multiple DL PRS TOA measurements using different delay groups can mitigate the problem with RX-timing errors and give as good positioning accuracy as without RX timing error differences (see Figure 20). Note that the gain here comes both from the fact that the network knows which delay group that was used for each TOA measurement in the DL RSTD measurement reports (as described in section 2.2.1) and from the fact that multiple DL PRS TOA measurements using different delay groups are performed (as described in this section).
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[bookmark: _Ref47362805]Figure 20 DL TDOA positioning accuracy for dual UE antenna panels with a random RX timing error with a normal distribution with std s = 0ns and  8ns truncated at 2s in the InF-SH scenario. A 2-symbol comb-2 DL PRS was used at 28GHz carrier, 120kHz subcarrierspacing and 400MHz bandwidth. Results are given both with and without multipanel reception (with multi panel reception is denoted as ‘multi-rx’ in the figure). Multipanel reception allows joint estimation of the UE position and of the RX timing errors  differences and is seen to remove the problem of RX timing errors in this scenario.

2.3 UE RX and TX timing error mitigation for multi-RTT
[bookmark: _Ref61364517]Delay group reporting
[image: ]
[bookmark: _Ref61269354]Figure 21 For RTT measurements the SRS used for the gNB RX – TX time difference measurement has a spatial relation towards the DL PRS used for the UE RX – TX time difference measurement. Thus, the same delay group is used for the UE RX – TX time difference and the gNB RX – TX time difference measurements for the same TRP, but different delay groups may be used towards different TRPs.
For RTT measurements the SRS used for the gNB RX – TX time difference measurement has a spatial relation towards the DL PRS used for the UE RX – TX time difference measurement. Thus, the same delay group is used for the UE RX – TX time difference and the gNB RX – TX time difference measurements for the same TRP, but different delay groups may be used towards different TRPs. Thus, in the example in Figure 21 we get


where


For RTT the RX plus TX timing error is a problem even if only one antenna panel is used. We can ’solve’ the ’one antenna panel’ problem by forming RTT differences relative to a reference TRP to cancel the ’RX plus TX timing error’. This solves the ‘one antenna panel problem’ at the cost of one measurement (one TRP used as reference). This makes RTT similar to RSTD (one hyperbola per pair of TRPs rather than a circle per TRP) and some of the benefits of RTT are lost. The independence of network synch is, however, maintained.
Having multiple antenna panels makes the problem worse but if we form RSTDs using pairs of TRPs for which the same antenna panel is used the RX and TX timing errors do still cancel.  This means that we need one reference TRP per antenna panel and thus we lose as many measurements as we have UE antenna panels.
[image: ]
Figure 22 RTT example with two antenna panels and four TRPs. If we select TRP-4 as reference TRP then the timing errors cancel for TRP-2 which utilizes the same UE antenna panel as TRP-1 but not for TRP-1 and TRP-3 that utilize the other UE antenna panel. If we instead select TRP-4 as reference TRP only for antenna panel-b TRPs and select TRP1 as reference for antenna-panel-a TRPs then the timing errors cancel both for TRP-2 and TRP-3, but since two TRPs are used as reference we get only two RSTD estimates.
To be able to correctly form RSTDs that cancel the RX and TX timing errors the network needs to know which antenna panel the UE has used for each UE RX-TX time difference measurement and for each SRS transmission. However, in general, we don’t want to limit UE building practices.  Hence, it may not be desirable to introduce antenna panel ID in the specifications.  A more suitable approach is to group transmissions that have similar group delays into one group at the UE.  We refer to such a group as ‘delay group’ henceforth.  Each ‘delay group’ may be associated with an index.  This way, how the UE groups its transmissions utilizing different antennas or antenna panel(s) into different ‘delay groups’ can be left up to UE implementation.  It may be sufficient for the UE to signal to the network which ‘delay group’ is associated for each SRS transmission.  This is most effectively done by introducing a delay group indication to the UE RX-TX time difference measurement and to introduce a strong coupling between the UE RX-Tx time difference measurement and an UL SRS so that the delay group indication refers both to the TOA measurement and to the SRS transmission.

[bookmark: _Toc61904813]Introduce a delay group indication in the UE RX-TX time difference measurement report. Introduce also a coupling between the UE RX-TX time difference measurement and an UL SRS transmission. Let the delay group indication refer both to the TOA measurement and to the SRS transmission.
The coupling between the UE RX-TX time difference measurement and an UL SRS transmission could be indicated e.g. with an SRS ID in the UE RX-TX time difference measurement configuration.
RX+TX timing error difference estimation
[image: ]
Figure 23
As already noted, the method described in section 2.3.1 above reduces the number of useful measurements since a number of TRPs are used as references. When the number of links is small this can result in less measurements than is needed for triangulation. The method described will therefore not always be enough and further enhancements are needed.
By combining the methods for TX timing error difference estimation described in section 2.1.2 and for RX timing error difference estimation described in section 2.2.2 the RX+TX error difference can be estimated.
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 delay groups.
The UE would be configured to transmit one SRS per delay group and TRP. Each SRS would have a spatial relation towards a DL PRS transmitted from the TRP with a configuration to utilize a certain delay group. Each SRS would thus be transmitted with the best possible beam from the indicated delay group towards the TRP.
The UE would report multiple UE RX-TX time difference measurements, each based on a TOA measurement and an SRS transmission utilizing one of the delay groups.
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.
What is needed is the possibility to configure the UE to perform multi delay group UE RX-TX time difference measurements, i.e. one UE RX-TX time difference measurement for each delay group and TRP, and the possibility to configure SRSs with a configuration to utilize a certain delay group as already proposed in section 2.1.2.
[bookmark: _Toc61904814]Introduce the possibility to configure the UE to perform delay group panel UE RX-TX time difference measurements, i.e. one UE RX-TX time difference measurement for each delay group and TRP.
As described in section 2.1.3 the SRSs could alternatively be transmitted in a beam and delay group sweeping manner. This is more resource efficient when the number of TRPs is larger than the number of beams per delay group.
2.4 UE capability for tighter RAN4 requirements
The size of the RX/TX timing differences could depend strongly on UE building practices. One may also note that the part of such delay differences that don’t vary with time could in principle be measured and the UEs could be calibrated to take such delay differences into account. This may, however, not always be economically feasible and time varying delay differences e.g. due to temperature variations would not be captured. The most straightforward solution would be to introduce multiple Rel. 17 UE capabilities with different requirements. A UE intended for industrial applications with requirements for high positioning accuracy could then be calibrated and/or constructed to have RX/TX timing errors fulfilling the tighter requirements.
[bookmark: _Toc53776246][bookmark: _Toc61904815]RAN1 should with help from RAN4 study the possibility to define two (or multiple) sets of requirements (based on UE-capabilities) for RSTD accuracy, UE RX-TX time difference accuracy and UE TX timing accuracy in order to accommodate for both general purpose eMBB UEs and for UEs requiring high (sub-meter) accuracy positioning in e.g. I-IoT scenarios.
[bookmark: _Toc53753179][bookmark: _Toc53776247][bookmark: _Toc61904816]Send LS to RAN4, requesting RAN4 to investigate the possibility to define two (or multiple) sets of requirements (based on UE-capabilities) for RSTD accuracy, UE RX-TX time difference accuracy and UE TX timing accuracy in order to accommodate for both general purpose eMBB UEs and for UEs requiring high (sub-meter) accuracy positioning in e.g. I-IoT scenarios.
  
Conclusion
In the previous sections we made the following observations: 
Observation 1	The multi-reference-TRP RSTD method reduces the number of useful RSTD measurements and will sometimes result in less measurements than is needed for triangulation. This method will therefore not always be sufficient in itself and further enhancements are needed.
Observation 2	The multi-reference-TRP RSTD method reduces the number of useful RSTD measurements and will sometimes result in less measurements than is needed for triangulation. This method will therefore not always be sufficient in itself and further enhancements are needed.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Specify signaling from the UE to the network of which ‘delay group’ is associated with each SRS-transmission from the UE.
Proposal 2	It shall be possible to configure an SRS with a spatial relation towards a DL PRS or SSB together with a configuration to utilize a certain delay group.
Proposal 3	RAN1 should study beam and delay group sweeping further and consider this method to reduce positioning overhead for specification in Rel. 17.
Proposal 4	Include indication of delay group used for the DL PRS reception and the corresponding TOA measurement both for the reference TRP and for the target TRP in the DL RSTD measurement report.
Proposal 5	Specify multi delay group RSTD measurements and the corresponding configuration and measurement reporting signalling.
Proposal 6	RAN1 should study further under what circumstances the UE should be capable to perform multi delay group RSTD measurements, e.g. if multi delay group RSTD measurements can be performed using 1) different symbols of the same DL PRS, 2) different repetitions of the same DL PRS, 3) different occasions of the same DL PRS, 4) different DL PRSs transmitted from the same TRP, and/or 5) simultaneous reception of the same DL PRS.
Proposal 7	Introduce a delay group indication in the UE RX-TX time difference measurement report. Introduce also a coupling between the UE RX-TX time difference measurement and an UL SRS transmission. Let the delay group indication refer both to the TOA measurement and to the SRS transmission.
Proposal 8	Introduce the possibility to configure the UE to perform delay group panel UE RX-TX time difference measurements, i.e. one UE RX-TX time difference measurement for each delay group and TRP.
Proposal 9	RAN1 should with help from RAN4 study the possibility to define two (or multiple) sets of requirements (based on UE-capabilities) for RSTD accuracy, UE RX-TX time difference accuracy and UE TX timing accuracy in order to accommodate for both general purpose eMBB UEs and for UEs requiring high (sub-meter) accuracy positioning in e.g. I-IoT scenarios.
Proposal 10	Send LS to RAN4, requesting RAN4 to investigate the possibility to define two (or multiple) sets of requirements (based on UE-capabilities) for RSTD accuracy, UE RX-TX time difference accuracy and UE TX timing accuracy in order to accommodate for both general purpose eMBB UEs and for UEs requiring high (sub-meter) accuracy positioning in e.g. I-IoT scenarios.
 

[bookmark: _In-sequence_SDU_delivery]References
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