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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,
· Whether the measurement time window is needed
· RX+TX group delay for resolving group delay difference between TEGs
· DL-RSTD measurement for a pair of RX TEGs
· Enhancement for UE RX-TX time difference measurement
· Association between TX TEG ID and SRS resource(s)


2 Whether the measurement time window is needed?
MTW was considered to facilitate the calibration for improving positioning performance. Whether the MTW configured by LMF is needed or not is still under discussion.

In NR, the signal comes at least with a period, unlike the CRS in LTE which is transmitted in each subframe. The DL-PRS periodicity is basically long as compared to TRS, CSI-RS and SSB. The shorter DL-PRS periodicity could happen for particular scenario, such as IIOT.

If a system plans a DL-PRS periodicity, but the UEs choose to measure only for part of the occasions, this actually reduces the system efficiency. Similarly, asking UE to transmit SRS but without gNB measurement is to waste UE power. Practically, the above conditions may still happen.

The measurement behavior of UEs may be subject to the RS transmission periodicity, RS sharing, the reporting periodicity, UE types and the processing capability. For example,
· if the configured reporting periodicity is much longer than the DL-PRS transmission periodicity, the low-tier UEs for power saving purpose may choose the instances for measurements which are close to the reporting in time, or the measurement periodicity is longer than the DL-PRS transmission periodicity
· if the configured reporting periodicity is much longer than the DL-PRS transmission periodicity, the advanced UEs desired for tracking the timing drift rate may still measure in each instance and report for all the instances

Therefore, if the configured MTW doesn't match the measurement behavior of UEs, the outcome may not be expected. UE may ignore the configured MTW in order to save the power consumption. The configured MTW may also be conflicting to the configuration of CSSF > 1, in which UE may not measure in each instance within MTW. If the concept of MTW is to mandate UE to perform measurement within certain period of time, we prefer UE to report the measurement behavior so that LMF could adapt the algorithm to extract the desired parameters. 

Instead of configuring MTW to a UE, it is more feasible that UE indicates the corresponding measurement behavior so that NW could calibrate the desired parameters such as timing drift rate according to the guaranteed measurements. The SRS transmission could be properly configured according to the measurement behavior of UEs to facilitate DL+UL positioning.


Proposal 2-1: Support UE to report measurement behavior so that LMF could adapt the algorithm to extract the desired parameters

Proposal 2-2: After receiving the configuration of system parameters, UE reports the corresponding measurement behavior, for example, the DL-PRS measurement periodicity (not necessary equal to the transmission periodicity), and the measurement duration before reporting. FFS for the details of measurement behavior

Proposal 2-3: NW may configure SRS for each UE based on the reported measurement behavior of UE to get close the downlink and uplink measurements

3 RX+TX group delay for resolving group delay difference between TEGs
If RX+TX group delay per RF chain could be calibrated/measured, RTT technique could keep the advantage over TDOA technique at least to utilize less number of TRPs for positioning. The differential RTT solution for cancelling the UE side group delay is simply equal to DL-TDOA + UL-TDOA operations.

Another advantage is, the RX group delay difference and TX group delay difference between TEGs could also be resolved, without the need to measure a same resource by different RX TEGs, and to measure the SRS associated to different TX TEGs by a same TRP. The mathematical development is shown in APPENDIX session.

Additional circuit maybe needed to facilitate RX+TX group delay calibration. Note that, such calibration would be under clean condition without the degradation due to through the over-the-air channel. The calibration is also suitable for TDD operation.

If the chipset RX+TX group delay is treated as the sensitive information, UE could compensate it in DL-RSTD report to assist resolving TX group delay difference between TEGs, when a same TRP may not measure SRS associated to different TX TEGs to resolve TX group delay difference of UE. The mathematical development is also shown in APPENDIX session.

Therefore, it is beneficial that the knowledge of RX+TX group delay per RF chain could further assist LMF to resolve the group delay difference between TEGs. When RX+TX group delay per RF chain is explicitly exposed to LMF, both the RX group delay difference between RX TEGs and TX group delay difference between TX TEGs could be resolved. When RX+TX group delay per RF chain is implicitly compensated within the DL-RSTD report, only the TX group delay difference between TX TEGs could be resolved.

If RX+TX group delay per RF chain is implicitly compensated within the DL-RSTD report, UE may additionally include a pair of TX TEG indexes in DL-RSTD report to assist LMF to derive the TX group delay difference.


Proposal 3-1: Support UE to report RX+TX group delay per RF chain, or to implicit compensate RX+TX group delay within DL-RSTD report, in order to at least assist to resolve group delay difference between TEGs of UE 

Proposal 3-2: If RX+TX group delay per RF chain is implicitly compensated within the DL-RSTD report, UE may additionally include a pair of TX TEG indexes in the DL-RSTD report
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Fig. 3-1: UE without RX+TX group delay capability may need to measure same signal by different TEGs to resolve the group delay difference
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Fig. 3-2: suitable for UE with RX+TX group delay self calibration capability


4 DL-RSTD measurement for a pair of RX TEGs
There are several FFS to resolve for the 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




The number of RX TEGs is related to implementation so that N = [2, 3, 4] and M= [2, 3, 4] are supportive.

The conventional DL-RSTD is the relative timing difference between a neighbouring TRP and the PRS reference TRP. The RSTD value used to describe the measurement of same resource by any pair of RX TEGs would have different definition from the conventional one. The signal from the PRS reference TRP may not be measurable by 2 RX TEGs due to directivity. Therefore, the RSTD measurement may not be limited to the signal from PRS reference TRP.

When UE has RX TEG number greater than 2, whether all the RSTD measurements, each associated to a pair of RX TEGs for measuring a same PRS resource, need to be associated to a same TRP? In our view, there is no need to have this restriction. Due to UE rotation and movement, UE may find a suitable TRP for measurement in different time instance.

Proposal 4-1: For measuring same PRS resource by different RX TEGs, since the number of RX TEGs is related to implementation, then N = [2, 3, 4] and M= [2, 3, 4] are supportive based on capability

Proposal 4-2: For measuring same PRS resource by different RX TEGs, the RSTD measurement corresponding to any pair of RX TEGs is not limited to the PRS resource from the PRS reference TRP

Proposal 4-3: All the RSTD measurements, each associated to a pair of RX TEGs for measuring a same PRS resource, don't need to be associated to a same resource of same TRP 


5 Enhancement for UE RX-TX time difference measurement
The following agreement is to deal with the TA difference between the assumed TA for UE RX-TX time difference measurement, and the actual TA for SRS transmission for gNB RX-TX time difference measurement,
	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. 




We support option 3 to include the TA change value without compensation. TA change could be used to predict the UE mobility and LMF could compensate it for position calculation. This means, to include TA change without compensation by UE provides the flexibility. 

When TA changes for actual SRS transmission, the TOF may also be changed as compared to that during UE RX-TX time difference measurement. So, to simply compensate the TA change into the UE report doesn't solve the problem.

Proposal 5-1: For enhancement for UE RX-TX time difference measurement, support option 3: 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. Or allow the LMF to indicate the TA change is compensated or not within the report


6 Association between TX TEG ID and SRS resource(s)
The following agreement is to resolve the association between TX TEG ID and SRS resource(s),
	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



A SRS resource as target RS is configured with a reference RS for spatial relation. The reference RS, mostly a downlink RS, is measurable or not by any antenna panel of UE is determined by UE. Consequently, UE transmits SRS by the same antenna panel which is used to measure the reference RS. 

An antenna panel of UE would be associated to a RX TEG ID, and/or a TX TEG ID, determined by UE. The implementation of antenna panel is invisible so that TEG ID is used in order not to reveal sensitive information.

Therefore, UE determines the association of a TX TEG ID to a SRS resource based on the conditions,
· The reference RS for spatial relation is measured by an antenna panel associated to a RX TEG ID
· An antenna panel is associated to a RX TEG ID, and/or a TX TEG ID. It is up to UE implementation

When the UE uses another antenna panel associated to a different RX TEG ID for receiving a same spatial relation RS, the change of association of a TX TEG ID to a SRS resource would happen accordingly. The update of the association change could be reported to LMF with time stamp when it happens.


Proposal 6-1: It is up to UE implementation for the association between a TX TEG ID to a SRS resource

Proposal 6-2: When the UE uses another antenna panel associated to a different RX TEG ID for receiving a same spatial relation RS, the change of association of a TX TEG ID to a SRS resource would happen accordingly. The update of the association change could be reported to LMF with time stamp when it happens

7 Conclusion
Proposal 2-1: Support UE to report measurement behavior so that LMF could adapt the algorithm to extract the desired parameters

Proposal 2-2: After receiving the configuration of system parameters, UE reports the corresponding measurement behavior, for example, the DL-PRS measurement periodicity (not necessary equal to the transmission periodicity), and the measurement duration before reporting. FFS for the details of measurement behavior

Proposal 2-3: NW may configure SRS for each UE based on the reported measurement behavior of UE to get close the downlink and uplink measurements

Proposal 3-1: Support UE to report RX+TX group delay per RF chain, or to implicit compensate RX+TX group delay within DL-RSTD report, in order to at least assist to resolve group delay difference between TEGs of UE 

Proposal 3-2: If RX+TX group delay per RF chain is implicitly compensated within the DL-RSTD report, UE may additionally include a pair of TX TEG indexes in the DL-RSTD report

Proposal 4-1: For measuring same PRS resource by different RX TEGs, since the number of RX TEGs is related to implementation, then N = [2, 3, 4] and M= [2, 3, 4] are supportive based on capability

Proposal 4-2: For measuring same PRS resource by different RX TEGs, the RSTD measurement corresponding to any pair of RX TEGs is not limited to the PRS resource from the PRS reference TRP

Proposal 4-3: All the RSTD measurements, each associated to a pair of RX TEGs for measuring a same PRS resource, don't need to be associated to a same resource of same TRP 

Proposal 5-1: For enhancement for UE RX-TX time difference measurement, support option 3: 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. Or allow the LMF to indicate the TA change is compensated or not within the report

Proposal 6-1: It is up to UE implementation for the association between a TX TEG ID to a SRS resource

Proposal 6-2: When the UE uses another antenna panel associated to a different RX TEG ID for receiving a same spatial relation RS, the change of association of a TX TEG ID to a SRS resource would happen accordingly. The update of the association change could be reported to LMF with time stamp when it happens

8 Reference

9 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)
· [bookmark: _GoBack]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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