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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 there is a need for RXTX TEG, and the relationship with RX TEG and TX TEG
· Reporting enhancement for timing delay mitigation for TDOA techniques

2 Whether there is a need for RXTX TEG?
The measurement error of a TX TEG and a RX TEG are defined as ΔtTX_ue_panelA -  and ΔtRX_ue_panelA - , respectively. For M-RTT, the measurement error related to the UE is actually (ΔtTX_ue_panelA + ΔtRX_ue_panelA ) – (+. This doesn't mean the performance requirement of the UE RX-TX time difference measurement needs to meet the requirement for TX TEG and RX TEG simultaneously.

To test whether the receiving from a physical panel meets the RX TEG requirement is equivalent to define the test for the TOA measurement, which is not so needed because UE doesn't report TOA measurement. Actually, for M-RTT technique, both the TRP and UE are required to measure RX+TX timing delay, which can be realized by sending signal from DAC, passing through the coupler at RF side, returning from the RX chain, and finally being observed at ADC output. The signal is expected to be less interfered because it is not over the air.

As such, it is reasonable to define RXTX TEG, at least for the performance requirement point of view. Therefore, the Alt 2 in below is supported.

	· Alt.2: Support a UE to provide the association information of a UE Rx-Tx time difference measurement with a UE RxTx TEG to LMF according to the one of the 2 following options: 
· Option 1: the UE RxTx TEG is associated with one or more {DL PRS resource, UL Positioning SRS resource} pairs
· FFS:  whether UE provides the association information of DL PRS resources to UE Rx TEG to LMF for UE RxTx measurements specifically
· Option 2: the UE RxTx TEG is associated with one or more {Rx TEG, Tx TEG} pairs where the Rx TEG is used to receive the DL PRS and the Tx TEG is used to transmit the UL Positioning SRS.




If a UE claims that both panel A and panel B belong to same RXTX TEG, the SRS association to which panel is needed so that the location server may properly combine UE RX-TX time difference measurement and gNB RX-TX time difference measurement to cancel the unwanted terms.

As mentioned above, TEG may be used to define the requirement. TEG may also be used to implicitly indicate which physical panel for transmission/receiving, since the usage of “panel ID” doesn't reach consensus. For the case of M-RTT for DL+UL positioning, RXTX TEG is indicated for performance requirement, and TX TEG is treated to indicate the panel for the association of SRS transmission.

The UE RX-TX time difference measurement reports need to provide the indication to the location server what are the proper gNB RX-TX time difference measurement reports to be combined with. The UE measurement reports need to indicate the TX TEG intended for SRS transmission, note that there is no actual SRS transmission during UE measurement. Then, the location server may select for combination the gNB measurement reports that measure the SRS resources with the association to the same TX TEG indicated at UE measurement reports.

Between option 1 and option 2 under Alt. 2, option 2 is preferred, even though we think RX TEG is not needed in the reporting. The pair list for PRS and SRS resources in option 1 could be quite lengthy under multiple-beam scenario. Since the resource number would be much larger than the TEG number, option 2 actually has provided the sufficient information to the location server to determine the combination of UE and gNB measurement reports. 

Fig. 2-1 shows the example. UE reports the SRS association with TX TEG. UE also reports the measurement reports P, Q and R to the location server. gNB also reports the measurement reports X, Y and Z to the location server. The location server may do the following combinations,
· gNB report X + UE report Q for SRS transmission from TX TEG A
· gNB report Y + UE report P for SRS transmission from TX TEG B
· gNB report Y + UE report R for SRS transmission from TX TEG B
· gNB report Z + UE report P for SRS transmission from TX TEG B
· gNB report Z + UE report R for SRS transmission from TX TEG B
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Fig. 2-1


Proposal 2-1: Support option 2 of Alt. 2, which is 
· Support a UE to provide the association information of a UE Rx-Tx time difference measurement with a UE RxTx TEG to LMF according to the one of the 2 following options: 
· Option 2: the UE RxTx TEG is associated with one or more {Rx TEG, Tx TEG} pairs where the Rx TEG is used to receive the DL PRS and the Tx TEG is used to transmit the UL Positioning SRS.

3 Potential reporting enhancement for TDOA technique
In RAN1 #99 meeting, we had the following agreement,
	Agreement:
The prior agreement is updated as given below:
UE can be configured to measure and report up to [M] DL PRS RSTD measurements per pair of TRPs with each measurement between a different pair of DL PRS resources or DL PRS resource sets, and the M measurements being performed on the same pair of TRPs subject to UE capability
· All the RSTD measurements in a single report should have a single reference timing
· Note: Each RSTD measurement is between DL PRS Resources corresponding to different TRP IDs.
· M=[3] 4



And in RAN1 #104b meeting, we had the following agreement,

	Agreement:
· Support the following for mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA
· Support a UE to provide the association information of RSTD measurements with UE Rx TEG(s) to the LMF when the UE reports the RSTD measurements to the LMF if the UE has multiple TEGs
· Support a TRP providing the association information of DL PRS resources with Tx TEGs to the LMF if the TRP has multiple TEGs
· Support the LMF to provide the association information of DL PRS resources with Tx TEGs to a UE for UE-based positioning if the TRP has multiple TEGs 
· FFS: the details of the signalling, procedures, and UE capability
· Send an LS to RAN4 to check if there is any issue to support the above enhancements



Note that that the reporting for multiple RSTD measurements in terms of resource pairs under a pair of TRPs has been supported. The question is whether multiple RSTD measurements in terms of RX TEGs at UE side could be reported, if the benefit is evident.

If we treat transmission/receiving timing difference as the impairment, the measurements which may help to resolve the impairment deserve the reporting. For DL-TDOA, the potential impairments related to the timing difference are, 
· Type 1: intra-TRP transmission timing difference:
· Type 1-1: RSTD between PRS resources transmission of a pair of TX TEGs in a same TRP
· Type 1-2: RSTD between a pair of PRS resources in a same TX TEG of a TRP
· Type 2: inter-TRP transmission timing difference between a pair of TRPs: 
· Type 2-1: RSTD between a pair of TRPs under single TX TEG in each TRP
· Type 2-2: RSTD between a pair of TRPs under multiple TX TEGs in each TRP
· Type 3: receiving timing difference:
· Type 3-1: RSTD between a pair of RX TEGs of a UE
· Type 4: RSTD observation from multiple RX TEGs
· Type 4-1: A pair of TOAs for a RSTD between a pair of TRPs measured by a RX TEG, and also measured by another RX TEG
· Type 4-2: Each TOA for a RSTD between a pair of TRPs measured by different RX TEG

For Type 1-2, the minor transmission timing difference between resources may impact the gain of (non-coherently) combining multiple resources to determine the TOA. In FR1, or for the most wider-beam cases in FR2, the number of paths and the corresponding path delay could be observed and these parameters are the same among the transmission of different PRS resources. This is because the analog beamforming doesn't change the scattering environment. The different parameters would be the magnitude of observed paths among the transmission of different PRS resources.

However, if there is any timing offset during the transmission beam switching, and the offset is measurable from UE perspective, UE may report the measured amount to assist the TRP for calibration. Similarly for Type 1-1, if the observed PRS resources are across TX TEGs of a same TRP, UE may also report the offset between TX TEGs of a same TRP, if the offset is measurable.

The Type 2 impairment, the inter-TRP transmission timing difference, could be measured by the reference UE when the TOF between the reference UE and each TRP is known a priori. The reporting can be the same as that of the normal UEs. The TOF should have been known during cell deployment, and the higher layer signaling may indicate the actual TOF through NRPPa so that the LMF may handle the extraction of the inter-TRP transmission timing difference from the measurement reports.

For Type 3, the RSTD is between a pair of RX TEGs under the measurement of same TRP’s signal. Since a pair of physical panels may have different boresight direction, the significant CIR difference in terms of the magnitude which are observed between different physical panels may further impact the timing difference measurement. It is suggested that the reporting of this type is subject to UE capability.

For Type 4-1, UE could select suitable RSTD measurement results associated to a certain RX TEG for reporting. It is not clear how the LMF can do the optimization when UE reports the multiple RSTDs based on different RX TEGs for a same pair of TRPs. It is suggested that the reporting of this type is subject to UE capability.

For Type 4-2, UE may derive the mean value and variance of RX timing difference through the pre-calibration method, which is not an on-the-fly method. The pre-calibration method has been introduced in [1]. The mean value of RX timing difference could be compensated before reporting. The UE may report the potential variance (uncertainty) of the RX timing difference as the weighting basis.  

It is generally understood that the Type 2 impairment may be measured by reference device. In our view, the reference device is not the only solution for measurement. The Type 2 impairment could also be measured by the cooperation between TRPs and the normal UEs. 

If the TRPs have capability to on-the-fly perform its own RX+TX (round-trip) group delay measurement per RX TEG and TX TEG pair, the location server may configure the normal UEs for DL-RSTD measurements, and configure TRPs for UL-RTOA measurements. By following the below steps, the inter-TRP transmission timing difference could be derived,
· The reported DL-RSTD measurement for a pair of TRPs’ transmission by using a same UE antenna panel for receiving may be expressed as tof1 – tof2 +ΔtTX_tp1 -ΔtTX_tp2 , --(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 a same UE’s transmission. Then the UL-RSTD value may be expressed as tof1 – tof2 +ΔtRX_tp1 -ΔtRX_tp2 , --(2)
· Each TRP also reports the measured RX+TX group delay per RX TEG and TX TEG pair to the location server, which are for example, (ΔtRX_tp1 +ΔtTX_tp1 ) and (ΔtRX_tp2 +ΔtTX_tp2 )
· Mathematically, let (1) –(2) + (ΔtRX_tp1 +ΔtTX_tp1 ) - (ΔtRX_tp2 +ΔtTX_tp2 ), then the inter-TRP transmission timing difference ( ΔtTX_tp1 - ΔtTX_tp2 ) could be derived

If the UEs have the capability to on-the-fly perform its own RX+TX group delay measurement per RX TEG and TX TEG pair, the receiving timing difference between RX TEGs (Type 3 impairment) could be derived by following the below steps,
· 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 RX TEG and TX TEG pair 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 and receiving timing difference between a pair of TRPs, 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


There are several benefits when UE reports RX+TX group delay measurements,
· UE may be able to proprietarily design the signal to measure RX+TX group delay on the fly. However it is difficult measuring the one sided group delay without resorting to the external assistance
· The transmission timing difference between TX TEGs doesn't require the TRP for measurement. Instead, it could be derived through mathematical computation at the location server
· UE may select the TRP signal with good RSRP in each RX TEG for TOA measurement. The receiving beam direction of each RX TEG could be quite opposite. To measure same TRP signal simultaneously by multiple RX TEGs may not guarantee that all the RX TEGs would have good RSRP level simultaneously as well 


Proposal 3-1: UE may report the DL-RSTD between the observed PRS resources within a same TX TEG of a TRP, to assist the TRP to calibrate the transmission timing offset between resources

Proposal 3-2: UE may report the DL-RSTD between the observed PRS resources across TX TEGs of a TRP, to assist the TRP to calibrate the transmission timing offset between different TX TEGs of a TRP

Proposal 3-3: The inter-TRP transmission timing difference could be measured by the reference UE. Same measurement reporting as the normal UEs is expected. LMF may handle the extraction of the inter-TRP transmission timing difference from the measurement reports

Proposal 3-4: It is subject to UE capability for the reporting of DL-RSTD between a pair of RX TEGs under the measurement of same TRP’s signal

Proposal 3-5: For DL-RSTD measurement, the statistics (variance) of RX group delay difference at UE which are related to different frequency layers for receiving, or different RX TEGs for receiving may report to the location server

[bookmark: _GoBack]Proposal 3-6: Support TRPs to report RX+TX group delay measurement to solve the inter-TRP transmission and receiving timing difference mathematically at the location server

Proposal 3-7: Support UE to report RX+TX group delay measurement for each pair of {RX TEG, TX TEG} to solve transmission timing difference between TX TEGs and receiving timing difference between RX TEGs mathematically at the location server

4 Conclusion
Proposal 2-1: Support option 2 of Alt. 2, which is 
· Support a UE to provide the association information of a UE Rx-Tx time difference measurement with a UE RxTx TEG to LMF according to the one of the 2 following options: 
· Option 2: the UE RxTx TEG is associated with one or more {Rx TEG, Tx TEG} pairs where the Rx TEG is used to receive the DL PRS and the Tx TEG is used to transmit the UL Positioning SRS.

Proposal 3-1: UE may report the DL-RSTD between the observed PRS resources within a same TX TEG of a TRP, to assist the TRP to calibrate the transmission timing offset between resources

Proposal 3-2: UE may report the DL-RSTD between the observed PRS resources across TX TEGs of a TRP, to assist the TRP to calibrate the transmission timing offset between different TX TEGs of a TRP

Proposal 3-3: The inter-TRP transmission timing difference could be measured by the reference UE. Same measurement reporting as the normal UEs is expected. LMF may handle the extraction of the inter-TRP transmission timing difference from the measurement reports

Proposal 3-4: It is subject to UE capability for the reporting of DL-RSTD between a pair of RX TEGs under the measurement of same TRP’s signal

Proposal 3-5: For DL-RSTD measurement, the statistics (variance) of RX group delay difference at UE which are related to different frequency layers for receiving, or different RX TEGs for receiving may report to the location server

Proposal 3-6: Support TRPs to report RX+TX group delay measurement to solve the inter-TRP transmission and receiving timing difference mathematically at the location server

Proposal 3-7: Support UE to report RX+TX group delay measurement for each pair of {RX TEG, TX TEG} to solve transmission timing difference between TX TEGs and receiving timing difference between RX TEGs mathematically at the location server
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