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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,
· TEG ID reporting details for UE RX/TX timing delay mitigation
· Potential reporting enhancement for DL-TDOA technique
· RX+TX group delay measurement reporting to resolve the delay difference for TDOA technique

We also address the feasibility of pre-calibration method, which is a solution without requiring the costly self-calibration and the potential new and lousy measurements and TEG ID reporting.

2 Feasibility of pre-calibration
General speaking, there are 3 methods to derive the measurement/estimation of RX, TX, or RX+TX timing delays at UE or gNB,
· External calibration:
· By receiving the same on-the-air signals, the RX timing delay difference or TX timing delay difference may be measured. This method is suitable for DL-TDOA and UL-TDOA
· Internal calibration (or self calibration):
· The preamble signal is designed to be transmitted from baseband, passed through the DAC, returned from the TR switch (or coupler) and measured after ADC for the RX+TX timing delays. This method could be more feasible in TDD due to same frequency for DL and UL. To return the signal from TX path to RX path for measurement requires certain costs. This method is suitable for RTT
· Pre-calibration
· The group delay of RF filters could be derived through circuit simulation. The variation due to temperature and manufacturing process can also be derived. Note that the group delays for DL and UL paths may not be identical due to different requirements

In our study for pre-calibration method, the RF group delay is dominated by LPF. The smaller BW may result in the larger group delay. The variation due to IC temperature by considering the range of -40oC ~ 125oC, is around 30% of the group delay at the typical temperature 25oC.

The RX group delay and TX group delay would be quite different. This is because for the RX chain, the filter needs to handle interference in order to meet the performance requirement. For the TX chain, it is to transmit the clean signal.

TABLE 2-1 shows the RX group delay and the variation by circuit simulation. The typical value of group delay could be cancelled before reporting. As such, the accuracy could be improved significantly.

The pre-calibration method could be treated as a cost-effective solution, and also could reduce the effort on the TEG ID reporting. It doesn't impact RAN1 specification.




Observation 2-1: The RX group delay and TX group delay would be quite different. This is because for the RX chain, the filter needs to handle interference in order to meet the performance requirement. For the TX chain, it is to transmit the clean signal

Observation 2-2: The pre-calibration method could be treated as a cost-effective solution, and also could reduce the effort on the TEG ID reporting. It doesn't impact RAN1 specification

Observation 2-3: In our study for pre-calibration method, the RF group delay is dominated by LPF. The smaller BW may result in the larger group delay. The variation due to IC temperature by considering the range of -40oC ~ 125oC, is around 30% of the group delay at the typical temperature 25oC


TABLE 2-1, RX group delay and the variation by circuit simulation
	BW
	Typical RX 
group delay 
	Variation due to temperature

	50MHz
	20ns
	+/- 4ns

	100MHz
	12ns
	+/- 3ns

	200MHz
	8ns
	+/- 2ns




3 TEG ID reporting details for UE RX/TX timing delay mitigation
There are several FFS terms for the following agreement in previous meeting,
	Agreement:
For mitigating UE Tx/Rx timing errors for DL+UL positioning, a UE may support, up to UE capability, one or both of the following options:
· Option 1: Reporting of UE RxTx TEG ID is supported by the UE
· FFS: Further details on how the RxTx TEG IDs are related/associated to Tx TEG IDs and/or Rx TEG IDs and to the Rx-Tx measurements. 
· Option 2: Reporting of UE RxTx TEG ID is not supported by the UE; reporting of Rx TEG ID and Tx TEG ID is supported. 
· In either option, a Tx TEG ID is associated with (downselection needed)
· Alt. 1: an UL SRS resource for positioning corresponding to the Tx timing of the Rx-Tx measurement
· Alt. 2: the Tx timing of the Rx-Tx measurement
· Alt. 3: one or more UL SRS resources for positioning
· Note: An Rx TEG ID is associated with one DL PRS resource (or more DL PRS resources) corresponding to the Rx time of the measurement
· FFS: How to resolve potential mismatch between UE and gNB Rx-Tx time difference measurements (e.g. UE provides the UE Rx-Tx measurements associated with a Tx TEG with SRS1, while gNB provides the gNB Rx-Tx measurements with a Rx TEG associated with SRS2). 
· FFS: The potential impact and modification on the definition of Rx-Tx time difference measurements





The association of RXTX TEG ID(s) with TX TEG ID(s) and/or with RX TEG ID(s) for option 1
In our view, the option 1 is for the UE having the self-calibration capability, so that the RX+TX group delay could be compensated before reporting the measurement.

When UE has compensated the RX+TX group delay for the UE measurement, the reporting value could be expressed as
TOF + + ) - ( )
Where the subscript ue_A means the transmission/receiving is in terms of TEG A, as shown in Fig. 3-1.

When gNB (TRP1 in the example) has compensated the RX+TX group delay for the gNB measurement, the reporting value could be expressed as
TOF + + ) – ( +  )

After the combination of UE and gNB measurement at LMF, the desired term TOF and the residual errors could be expressed as 
2*TOF + [+ ) – ( +  ) ] + [+ ) - ( ) ],

This means the LMF needs to know how to pair the UE and gNB measurement when receiving the reports.

When UE compensates RX+TX group delay for the UE measurement, UE has assumed using which TX TEG for SRS transmission. The actual SRS transmission happens for the gNB measurement. Similarly, when gNB compensates RX+TX group delay for the gNB measurement, gNB has assumed using which TX TEG for DL-PRS transmission. The actual DL-PRS transmission happens for the UE measurement. Therefore, 
· UE may measure multiple DL-PRS resources of a gNB. Within a UE measurement report, UE may contain the measurement result and a corresponding DL-PRS resource ID, and a TX TEG ID
· UE may also provide the mapping between a TX TEG ID and SRS resource IDs, which is a one-to-many mapping
· gNB may measure multiple SRS resources of a UE. Within a gNB measurement report, gNB may contain the measurement results and a corresponding SRS resource ID, and a TX TEG ID if there are multiple TX TEGs at gNB side
· gNB may also provide the mapping between a TX TEG ID and DL-PRS resource IDs, which is a one-to-many mapping

Then, LMF may pair a UE measurement report with a gNB measurement report using a SRS resource ID for measurement, and the SRS resource ID has association with a TX TEG ID of UE same as that within the UE measurement report.

The reporting of a RXTX TEG ID within a UE measurement report is not for pairing purpose. It can be used to indicate the range of residual error,
|+ ) - ( ) | < 

The residual error range could be different for TDD and FDD band. It is expected that the uncertainty could be larger in FDD band since it would be more challenging for self calibration due to different frequency between DL and UL.


Proposal 3-1: For a UE measurement report when a RXTX TEG ID is attached, a TX TEG ID needs to be attached together

Proposal 3-2: A RXTX TEG ID is associated with the a range of residual error
 
Proposal 3-3: A TX TEG ID of UE is associated with SRS resource IDs. It is Alt. 3
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Fig. 3-1,







4 Potential reporting enhancement for DL-TDOA technique
The following proposal was not agreed in previous meeting,
	· Subject to UE’s capability, support a UE to
· measure the same DL PRS resource from a TRP with different UE Rx TEGs, and report corresponding RSTD measurements.
· measure different DL PRS resources from a TRP with the same UE RX TEG, and report corresponding RSTD measurements.
· FFS:  measure different DL PRS resources from a TRP with different UE Rx TEGs, and report corresponding RSTD measurements.
· FFS: indicate whether the measured RX TEG timing error difference has been compensated at UE side.
· Note: All RSTD measurements are relative to a single reference timing
· FFS: Whether the TRP can be both  “RSTD” reference TRP and neighbor TRP
· FFS: details of the Signaling, procedures, and UE capability




And we have the following agreement in RAN1 #99 e-meeting,
	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




In TR 37.355 it can be seen that
	The IE NR-DL-TDOA-SignalMeasurementInformation is used by the target device to provide NR DL-TDOA measurements to the location server.
NOTE 1:	The dl-PRS-ReferenceInfo defines the "RSTD reference" TRP. The nr-RSTD's and nr-RSTD-ResultDiff's in nr-DL-TDOA-MeasList are provided relative to the "RSTD reference" TRP.
NOTE 2:	The "RSTD reference" TRP may or may not be the same as the "assistance data reference" TRP provided by nr-DL-PRS-ReferenceInfo in IE NR-DL-PRS-AssistanceData.
NOTE 3:	The target device includes a value of zero for the nr-RSTD and nr-RSTD-ResultDiff of the "RSTD reference" TRP in nr-DL-TDOA-MeasList.




Therefore the DL-RSTD measurement, targeted to the measurement for a pair of TRPs with a TRP as the reference TRP, could be extended to the different cases requiring the time difference measurement. A pair of TRPs belong to different TRPs (IDs). The current specification in TR 37.355 doesn't actually specify the DL-RSTD measurement for a pair of TRPs which are a same TRP (ID).

Under multiple-beam and multiple TEG systems, the time delay difference actually exists within a UE and within a TRP. If we treat the delay difference as a variable for measurement, it is expected to control the other variables. Then we may have,
1. Variable for measurement: the delay difference between a pair of RX TEGs for receiving
· Variable for control: a same DL PRS resource for measurement
2. Variable for measurement: the transmission transition delay between a pair of DL-PRS resources (neighboring) within a same TRP
· Variable for control: a same RX TEG for receiving

The transmission transition delay may happen, for example, when beam A is transmitted at symbol X and beam B at symbol Y. Due to the hardware transition, beam B is transmitted with extra delay As a result, when UE observes the CIRs by processing DL-PRS from beam A and B, there would be slight shift in between. This information can be provided to LMF, and LMF may further notify the corresponding TRP to assist the calibration.

The above 2 use cases show that, the definition of DL-RSTD measurement could be further extended for different types. The concept of “reference” could still be applied, but not limited to “reference TRP”. For the above 2 use cases, we may define
1. Reference RX TEG
· The type of DL-RSTD measurement is for the relative receiving time difference between a RX TEG and reference RX TEG
2. Reference DL-PRS resource within a same TRP
·  The type of DL-RSTD measurement is for the relative transmission time difference between a DL-PRS resource and reference DL-PRS resource within a same TRP

The new types of DL-RSTD measurement may not be limited to have the reference TRP involved. For example the relative time difference between two RX TEGs for measurement, it actually depends on the probability for a UE to be able to measure a same signal from a same TRP, due to quite different the beam direction between two RX TEGs. As such, the reference TRP may not be the one simultaneously measurable by two RX TEGs.

There is a FFS issue on whether UE may indicate that the delay difference between two RX TEGs has been compensated or not for DL-RSTD reporting when UE is able to measure the delay difference. This issue is related to which operation in TABLE 4-1 may be adopted.

The operation 1 basically requires LMF to handle the computations, and the association between TOA measurement, reference TRP and RX TEG may need to be additionally reported. The operation 2 allows the UE to improve the measurement accuracy before reporting, which is back to the state of single RX TEG, and the reporting overhead could be reduced as compared to operation 1.

For operation 1, it is not clear how LMF could optimize the final performance when the measurement accuracy could be improved at UE side. We suggest that it is up to UE to determine which operation to proceed.


TABLE 4-1, Potential operations
	
	
	Concern

	Operation 1
	· UE measures and reports the delay difference between 2 RX TEGs
· When DL-RSTD measurement is across 2 RX TEGs, UE doesn't compensate the delay difference before DL-RSTD reporting
· UE reports the association between TOA measurement, reference TRP and RX TEG 
· It is up to LMF to handle the reporting
	· There is no performance requirement defined for LMF
· It is not clear how LMF could optimize the performance for determine UE position

	Operation 2
	· UE measures the delay difference between 2 RX TEGs but doesn't report
· UE may change reference TRP to the one whose signal could be measured for the delay difference calibration
· When DL-RSTD measurement is across 2 RX TEGs, UE compensates the delay difference before DL-RSTD reporting
	· 



Proposal 4-1: UE may indicate whether the delay difference between 2 RX TEGs is compensated at UE side for DL-RSTD reporting

Proposal 4-2: If UE determines to compensate the delay difference between 2 RX TEGs for DL-RSTD measurement, then the delay difference reporting is not needed

Proposal 4-3: If UE determines not to compensate the delay difference between 2 RX TEGS for DL-RSTD measurement, then the delay difference reporting is required

Proposal 4-4: Support UE to measure different DL PRS resources from a TRP with the same UE RX TEG, and report corresponding RSTD measurements

Proposal 4-5: The definition of DL-RSTD measurement could be further extended for different types. The concept of “reference” could still be applied, but not limited to “reference TRP”. We may define the reference RX TEG, and the reference DL-PRS resource within a same TRP


5 RX+TX group delay measurement reporting to resolve the delay difference for TDOA technique
The proposal of measuring the same DL PRS resource from a TRP with different UE Rx TEGs in the above section for deriving the delay difference between RX TEGs could be expressed in Fig. 5-1. It actually depends on the probability to find a suitable TRP signal to be simultaneously measurable by 2 RX TEGs of UE.

What if each RX TEG (panel) of UE is able to find a suitable TRP signal to measure as shown in Fig. 5-2, and the delay difference between RX TEG could also be resolved? This is actually achievable if UE has RX+TX group delay self calibration capability. Note that
· When UE derived RX+TX group delay through self-calibration, UE doesn't exactly know the respective RX group delay and TX group delay
· RX group delay and TX group delay would be quite different as mentioned in above section
· When UE derives RX+TX group delay through self-calibration, it could be compensated for UE RX-TX time difference measurement report. It may not be compensated for DL-RSTD measurement report 

Logically,
· The external calibration is quite lousy by a couple of trials for finding a suitable TRP signal to be simultaneously measurable, if UE has no RX+TX self calibration capability
· The RX+TX self calibration capability may induce extra cost for UE implementation. If a UE has this capability, there is no need to suffer the lousy external calibration

Let’s assume that under a same pair of TRPs, each TOA measurement within a DL-RSTD measurement is done by different RX TEG of UE, and SRS transmission is done by different TX TEG to reach different TRP for UL-RTOA measurement. Then 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 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 differenceΔtTX_tp1 -ΔtTX_tp2 and receiving timing differenceΔtRX_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

As such, the LMF could derive RX delay difference and TX delay difference of each UE through mathematical computation. 

Observation 5-1: The external calibration is quite lousy by a couple of trials for finding a suitable TRP signal to be simultaneously measurable, if UE has no RX+TX self calibration capability

Observation 5-2: The RX+TX self calibration capability may induce extra cost for UE implementation. If a UE has this capability, there is no need to suffer the lousy external calibration to derive RX delay difference between RX TEGs

Proposal 5-1: 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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Fig. 5-1:

[image: ]
[bookmark: _GoBack]Fig. 5-2: suitable for UE with RX+TX group delay self calibration capability

6 Conclusion
Observation 2-1: The RX group delay and TX group delay would be quite different. This is because for the RX chain, the filter needs to handle interference in order to meet the performance requirement. For the TX chain, it is to transmit the clean signal

Observation 2-2: The pre-calibration method could be treated as a cost-effective solution, and also could reduce the effort on the TEG ID reporting. It doesn't impact RAN1 specification

Observation 2-3: In our study for pre-calibration method, the RF group delay is dominated by LPF. The smaller BW may result in the larger group delay. The variation due to IC temperature by considering the range of -40oC ~ 125oC, is around 30% of the group delay at the typical temperature 25oC

Observation 5-1: The external calibration is quite lousy by a couple of trials for finding a suitable TRP signal to be simultaneously measurable, if UE has no RX+TX self calibration capability

Observation 5-2: The RX+TX self calibration capability may induce extra cost for UE implementation. If a UE has this capability, there is no need to suffer the lousy external calibration to derive RX delay difference between RX TEGs

Proposal 3-1: For a UE measurement report when a RXTX TEG ID is attached, a TX TEG ID needs to be attached together

Proposal 3-2: A RXTX TEG ID is associated with the a range of residual error
 
Proposal 3-3: A TX TEG ID of UE is associated with SRS resource IDs. It is Alt. 3

Proposal 4-1: UE may indicate whether the delay difference between 2 RX TEGs is compensated at UE side for DL-RSTD reporting

Proposal 4-2: If UE determines to compensate the delay difference between 2 RX TEGs for DL-RSTD measurement, then the delay difference reporting is not needed

Proposal 4-3: If UE determines not to compensate the delay difference between 2 RX TEGS for DL-RSTD measurement, then the delay difference reporting is required

Proposal 4-4: Support UE to measure different DL PRS resources from a TRP with the same UE RX TEG, and report corresponding RSTD measurements

Proposal 4-5: The definition of DL-RSTD measurement could be further extended for different types. The concept of “reference” could still be applied, but not limited to “reference TRP”. We may define the reference RX TEG, and the reference DL-PRS resource within a same TRP

Proposal 5-1: 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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