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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]In this contribution, we provide our views for the following issues,
· UE RX-TX measurement enhancement due to SRS transmission timing change
· Whether the indication of measurement time window is needed?
· Reporting route for SRS-TEG association
· Pairing for DL-TDOA and UL-TDOA

2 UE RX-TX measurement enhancement due to SRS transmission timing change
The issue comes from the situation that the TA assumed for UE RX-TX time difference measurement may be different from that used for actual SRS transmission for gNB RX-TX time difference measurement. Currently there are two options for discussion, as shown below,

	· 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 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.



We have the following understandings,
· For option 1, UE may compensate the SRS transmission timing difference/change within the UE report
· For option 2, UE additionally reports TA change, not to compensate it within the UE report
· The TA change may not be exactly equal to the transmission timing difference/change. TA is the relative time difference between RX time boundary and TX time boundary. When RX time boundary is fixed the same between two time instances, the TA change is equal to the TX time boundary change

The time drift happens when there are relative sampling frequency offset (SFO) between gNB and UE. SFO causes the symbol duration to be either longer or shorter. If UE samples faster, equivalently the shorter symbol duration and relative to the gNB for transmission, UE is going to observe the gradual delay of the signal path. Then UE may simultaneously adjust TX and RX time boundary. By doing so, TX time boundary is changed, while TA is still fixed

Fig. 2-1 shows an example that UE has shorter symbol duration than gNB, due to faster SFO at UE side. At t1, UE observes the signal from gNB1 and gNB2. By assuming that there is no movement for UE between t1 and t2, and at (t2 –Δt), UE observes TRS from serving gNB (gNB1) and realizes that the received signal are delayed as compared to that at t1. As such, UE adjusts both the TX and RX time boundary for receiving and transmission at t2.

If the adjustment of TX timing change is compensated within the UE report, the results of RTT would be biased.

UE may autonomously adjusts both the RX time boundary and TX time boundary to overcome the time drift, not just to adjust TX time boundary alone. In this case, TA is not changed. When there is TA command received, UE can actually adjust TA after SRS transmission for positioning to avoid TA mismatch. Based on the above, the compensation of TX timing change within the UE report doesn't bring any benefit.

Reporting of the TX timing change with time stamp could assist LMF to know the time drift condition of a UE. We prefer to slightly modify option 2 to report TX timing change information.


Observation 2-1: The autonomous TX and RX timing change to overcome the time drift due to SFO don't necessarily change TA

Proposal 2-1: Support UE to report TX timing change information, not to compensate it within the UE report
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Fig. 2-1,


3 Whether the indication of measurement time window is needed?

The MTW is considered mainly due to the reason that both UE and gNB may not measure all the configured RS for positioning, so that it is expected to define a window in which both sides do perform the measurements.

Logically, if LMF indicates MTW, asking UE and gNB to measure within the window and it is up to implementation whether to measure the RS outside the window, LMF could also configure longer DL-PRS periodicity and also suggest gNB to configure SRS as close as DL-PRS so that every single RS transmission matters.

If a UE does have some reasons to only measure part of DL-PRS instances, it is not clear whether the UE will follow LMF’s indication of MTW, since the UE has its own agenda (measurement behavior) which may be conflicting to MTW. 

The benefit to define MTW is actually not clear. One potential solution is that, UE reports its measurement behaviour to LMF. LMF may forward UE’s measurement behaviour to gNBs so that gNBs may selectively measure SRS to match UE’s behaviour.


Observation 3-1: If a UE does have some reasons to only measure part of DL-PRS instances, it is not clear whether the UE will follow LMF’s indication of MTW, since the UE has its own agenda (measurement behavior) which may be conflicting to MTW

Proposal 3-1: Instead of indicating MTW by LMF, UE may report its measurement behaviour to LMF and LMF may further forward UE’s measurement behaviours to gNBs so that gNBs may selectively measure SRS to match UE’s behaviour

4 Reporting route for SRS-TEG association

There is a FFS under the working assumption,
	
Working assumption:
· For mitigating UE Tx timing errors for UL TDOA, subject to UE’s capability, support the serving gNB to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE supports multiple UE Tx TEGs for UL TDOA.
· The serving gNB should forward the association information provided by the UE to the LMF.
· FFS: whether to support the serving gNB to forward the association information to the neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for UL TDOA to serving gNB.
· For mitigating UE Tx timing errors for Multi-RTT, subject to UE’s capability, support the LMF to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE supports multiple Tx TEGs for Multi-RTT.
· FFS: whether to support the LMF to forward the association information to the serving and neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for Multi-RTT directly to the LMF.
· FFS: Mitigation of UE Tx timing errors when Multi-RTT, UL-TDOA and/or DL-TDOA are used.




In our understanding, UL-TDOA could be configured alone, or configured with other downlink positioning technique. In our understanding, when UL-TDOA is configured with DL-TDOA, 
· The inter-TRP timing offset, also known as synchronization error, could be calculated at LMF 
· The UE side inter-TEG error could be calculated at LMF

The periodicity for SRS transmission for UL-TDOA and the periodicity for DL-PRS for DL-TDOA don't need to be similar. We treat the joint configuration of DL-TDOA and UL-TDOA as a useful solution to assist LMF to derive the UE side impairment. The benefits to derive the error between TX TEGs and between RX TEGs have been described in previous contribution [2]. It is also attached in APPENDIX.

For the joint configuration of several positioning techniques, the route for SRS-TEG reporting could be
· M-RTT + DL-TDOA: LPP for SRS-TEG delivery
· M-RTT + UL-TDOA: both LPP or RRC+NRPPa for SRS-TEG delivery are feasible. But LPP could be used as the main route
· UL-TDOA + DL-TDOA: RRC+NRPPa for SRS-TEG delivery

Proposal 4-1: When M-RTT is jointly configured with other positioning methods, LPP could be used for SRS-TEG delivery

Proposal 4-2: When UL-TDOA and DL-TDOA are jointly configured, RRC+ NRPPa could be used for SRS-TEG delivery

5 Pairing for DL-TDOA and UL-TDOA

Our earlier contributions in [1] have shown that, the joint configuration of DL-TDOA and UL-TDOA provides a solution to measure the system side impairments (synchronization error), without resorting to the further restriction on the synchronization accuracy. Basically there is no specification impact since multiple positioning methods could be configured jointly. Using Rel-17 terminology, the system side impairment could be measured when the two RX TEGs are the same for a DL-RSTD measurement, and two UL-RTOA measurements are based on the SRS transmitted by same TX TEG. 

The UE side impairments are the delay difference between TX TEGs and between RX TEGs, and the RX+TX delay per RXTX TEG. If the RX+TX delay is intended to be mitigated through the differential method which is applied at LMF, then it is actually equivalent to jointly configure DL-TDOA and UL-TDOA by having same RX TEGs for a DL-RSTD measurement and same TX TEG for a pair of UL-RTOA measurements.

In [2], we have analyzed the potential benefit that, if a UE is able to perform the self calibration per RF chain, the delay difference between TX TEGs and between RX TEGs could be resolved. 

For indoor operation such as IIOT use case, UL-TDOA method maybe a potential candidate. To solve the delay difference between TX TEGs, a TRP needs to measure the signals which are transmitted from 2 TX TEGs of a UE. Note that the beam orientation for each RF chain is so different so that whether it is measurable by a TRP may not be fully guaranteed.

If a UE has self calibration capability, each RF chain could transmit and receive with a TRP with good signal quality. So under infrequent DL-PRS transmission for UE to provide DL-RSTD measurement report, the combination of UL-RTOA measurements and DL-RSTD measurements are able to calculate the delay difference between TX TEGs. 

Certainly, whether a UE has self calibration capability is also not guaranteed. However this solution can be used to fill up the hole of the solution which is conducted by a single TRP measurement on multiple TX TEG transmission.

The value of RX+TX group delay per RF chain could be implicitly compensated within the DL-RSTD reports to avoid the disclosure, if it is sensitive. To do so, UE may further provide a pair of TX TEGs, and a RSTD value which has compensated with the RX+TX group delay. 

Proposal 5-1: Up to UE capability, UE may further provide a pair of TX TEGs, and a RSTD value which has compensated with the RX+TX group delay within the DL-RSTD measurement report to support joint configuration of UL-TDOA and DL-TDOA
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               Fig. 5-2:

6 Conclusion

Observation 2-1: The autonomous TX and RX timing change to overcome the time drift due to SFO don't necessarily change TA

Observation 3-1: If a UE does have some reasons to only measure part of DL-PRS instances, it is not clear whether the UE will follow LMF’s indication of MTW, since the UE has its own agenda (measurement behavior) which may be conflicting to MTW

Proposal 2-1: Support UE to report TX timing change information, not to compensate it within the UE report

[bookmark: _GoBack]Proposal 3-1: Instead of indicating MTW by LMF, UE may report its measurement behaviour to LMF and LMF may further forward UE’s measurement behaviours to gNBs so that gNBs may selectively measure SRS to match UE’s behaviour

Proposal 4-1: When M-RTT is jointly configured with other positioning methods, LPP could be used for SRS-TEG delivery

Proposal 4-2: When UL-TDOA and DL-TDOA are jointly configured, RRC+ NRPPa could be used for SRS-TEG delivery

Proposal 5-1: Up to UE capability, UE may further provide a pair of TX TEGs, and a RSTD value which has compensated with the RX+TX group delay within the DL-RSTD measurement report to support joint configuration of UL-TDOA and DL-TDOA
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8 Appendix
When UE is able to measure RX+TX group delay per RF chain and report, mathematically we have,
· The reported DL-RSTD measurement for a pair of TRPs’ transmission, with each TOA measurement associated to a different RX TEG for receiving, may be expressed as tof1 – tof2 +ΔtTX_tp1 -ΔtTX_tp2 +   ΔtRX_ue_panelA - ΔtRX_ue_panelB  --(1)
· The location server takes the differential of a pair of UL-RTOA measurements which are reported by a same pair of TRPs and are related to different TX TEG’s transmission of a same UE. Then the UL-RSTD value may be expressed as tof1 – tof2 +ΔtRX_tp1 -ΔtRX_tp2 -ΔtTX_ue_panelB +ΔtTX_ue_panelA  --(2)
· UE reports the measured RX+TX group delay per RF chain (represented by a pair of RX TEG ID and TX TEG ID) to the location server, which are for example,
(ΔtTX_ue_panelA +ΔtRX_ue_panelA ) and (ΔtTX_ue_panelB +ΔtRX_ue_panelB )
· Under the assumption that the location server may already know the transmission timing difference ΔtTX_tp1 -ΔtTX_tp2 and receiving timing difference ΔtRX_tp1 -ΔtRX_tp2 between a pair of TRPs, for example, through the reference device’s calibration, then the location server may further modify the downlink and uplink measurement reporting as
· tof1 – tof2 +ΔtRX_ue_panelA - ΔtRX_ue_panelB  --(3) (by modifying (1) )
· tof1 – tof2 -ΔtTX_ue_panelB +ΔtTX_ue_panelA   --(4) (by modifying (2) )
· Mathematically, let (3) – (4) + (ΔtTX_ue_panelA +ΔtRX_ue_panelA ) - (ΔtTX_ue_panelB +ΔtRX_ue_panelB ), then the receiving timing difference (ΔtRX_ue_panelA - ΔtRX_ue_panelB ) could be derived
· Mathematically, let (4) – (3) + (ΔtTX_ue_panelA +ΔtRX_ue_panelA ) - (ΔtTX_ue_panelB +ΔtRX_ue_panelB ), then the transmission timing difference (ΔtTX_ue_panelA - ΔtTX_ue_panelB ) could be derived
· Mathematically, let (3) + (4) - (ΔtTX_ue_panelA +ΔtRX_ue_panelA ) + (ΔtTX_ue_panelB +ΔtRX_ue_panelB ), the RSTD term, tof1 – tof2 could be extracted

When UE is able to measure RX+TX group delay per RF chain, and compensate it in the DL-RSTD report, mathematically we have,
· The reported DL-RSTD measurement after compensating the RX+TX group delay, may be expressed as tof1 – tof2 +ΔtTX_tp1 - ΔtTX_tp2 + ΔtRX_ue_panelA - ΔtRX_ue_panelB  - (ΔtRX_ue_panelA + ΔtTX_ue_panelA ) + (ΔtRX_ue_panelB + ΔtTX_ue_panelB )  = tof1 – tof2 +ΔtTX_tp1 - ΔtTX_tp2 - ΔtTX_ue_panelA + ΔtTX_ue_panelB   --(1)
· The location server takes the differential of a pair of UL-RTOA measurements which are reported by a same pair of TRPs and are related to different TX TEG’s transmission of a same UE. Then the UL-RSTD value may be expressed as tof1 – tof2 +ΔtRX_tp1 -ΔtRX_tp2 - ΔtTX_ue_panelB + ΔtTX_ue_panelA  --(2)
· Under the assumption that the location server may already know the transmission timing difference ΔtTX_tp1 -ΔtTX_tp2 and receiving timing difference ΔtRX_tp1 -ΔtRX_tp2 between a pair of TRPs, for example, through the reference device’s calibration, then the location server may further modify the downlink and uplink measurement reporting as
· tof1 – tof2 - ΔtTX_ue_panelA + ΔtTX_ue_panelB  --(3) (by modifying (1) )
· tof1 – tof2 -ΔtTX_ue_panelB +ΔtTX_ue_panelA   --(4) (by modifying (2) )
· Mathematically, let (4) – (3), then the transmission timing difference (ΔtTX_ue_panelA - ΔtTX_ue_panelB ) could be derived
· Mathematically, let (3) + (4), the RSTD term, tof1 – tof2 could be extracted
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