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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 the detailed analysis for group delay mitigation.

2 General description
The group delay is frequency dependent due to RF filter properties. The frequency dependent nature of group delay could be mitigated by utilizing the intra-frequecy measurement only, since there is no particular needs for inter-frequency measurement for positioning under higher accuracy scenario, such as IIOT.

The group delay mitigation has even become more complicated when different transmission/receiving antenna panels are considered, due to the directivity nature in FR2. The directivity of signal transmission and rceiving may impact the DOP.

The group delay mitigation could be realized by
· The measurements which may cancel the group delay automatically
· The group delay estimation and compensation through on-the-fly or pre-calibration solutions

The pre-calibration solution means, the group delay and the corresponding statisticsis is collected by running the simulation during circuit design phase, or by calibration after mass production. It is not a on-the-fly solution.

The TDOA techniques, such as DL-TDOA, UL-TDOA, or simultaneous configuration of DL-TDOA and UL-TDOA, could mitigate the UE side group delay under same antenna panel for receiving and transmission. However, the gNB side group delays, still need to be handled for TDOA techniques. The RTT technique, requires the knowlodge of RX+TX (round-trip) group delays of both UE and TRPs. As such, the group delay estimation and compensation become necessary.

A question arises: what are the potential on-the-fly methods to estimate the round-trip group delay, or the one-side group delay of each antenna panel of UE and TRP? The potential methods are shown from Fig. 2-1a to Fig 2-1f, and the descriptions are expressed in TABLE 1.

The “opportunistic” in TABLE 1 means, the estimation type may not always be achievable. For example, in Fig. 2-1b, a TRP is expected to observe the signal transmitted from multiple antenna panels of a UE, in order to estimate the TX group delay difference of this UE. However, the transmission from different panels of a UE may be travelling through different channel condition (over the air) to arrive at a TRP. Therefore it would be very challenging to distinguish the group delay difference at the level of tens of nanoseconds.

Fig. 2-1a and Fig. 2-1d show that, TRP and UE are able to estimate the RX+TX group delay, by proprietarily designing the signal to be transmitted from baseband, passing through the coupler at RF side, returning from the RX chain, and finally being observed at baseband. The signal would be more clear because it is not over the air. We believe this requires the capability to be defined. 



TABLE 1, potential on-the-fly group delay estimation types
	
	Descriptions
	Comments

	Fig. 2-1a
	TRP performs RX+TX group delay estimation per frequency layer
	Require capability

	Fig. 2-1b
	A UE transmits from multiple antenna panels, and a TRP estimates TX group delay difference of this UE
	1, Opportunistic
2, Assume no extra RTD between beams using a same antenna panel

	Fig. 2-1c
	A reference device transmits from a single antenna panel for gNB measurement, and location server estimates RX group delay difference of a pair of TRPs (gNBs)
	1, Opportunistic


	Fig. 2-1d
	UE performs RX+TX group delay estimation per frequency layer
	Require capability

	Fig. 2-1e
	A TRP transmits signal, and a UE estimates the RX group delay difference of its own multiple antenna panels
	1, Opportunistic
2, Assume no extra RTD between beams within a same antenna panel

	Fig. 2-1f
	A reference device received using a single antenna panel to estimate TX group delay difference of a pair of TRPs (gNBs)
	Opportunistic
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 Fig. 2-1a: type 1 measurement       Fig. 2-1b: type 2 measurement              Fig. 2-1c: type 3 measurement
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Fig. 2-1d: type 1 measurement         Fig. 2-1e: type 2 measurement              Fig. 2-1f: type 3 measurement
 
Observation 2-1: The frequency dependent nature of group delay could be mitigated by utilizing the intra-frequecy measurements, since there is no particular needs for inter-frequemcy measurements for positioning under higher accuracy scenario, such as IIOT

Observation 2-2: The pre-calibration solution means, the group delay and the corresponding statisticsis is collected by running the simulation during circuit design phase, or by calibration after mass production. It is not a on-the-fly solution.

Observation 2-3: It doesn’t mean that RX group delay, or TX group delay is half of round-trip (RX+TX) group delay


3 Group delay impact to the timing based measurement types
The following timing based measurement types are analysed, and the corresponding impairments related to group delay are captured in TABLE 2,
· DL-RSTD measurement for DL-TDOA
· UL-RTOA measurement for UL-TDOA
· Simultaneous configuration of DL-RSTD and UL-RTOA measurement for DL-TDOA+UL-TDOA
· UE RX-TX time difference and gNB RX-TX time differene measurement for M-RTT

It is observed that,
· The synchronization error between a pair of TRPs, delta, is actually indistinguishable from the group delay difference, for both DL-TDOA and UL-TDOA techniques
· For both M-RTT and DL-TDOA+UL-TDOA, the mitigation of round-trip group delay of TRPs is required
· For M-RTT, the additional mitigation of round-trip group delay of UE is required
· [bookmark: _GoBack]For DL-TDOA+UL-TDOA, if each DL-TOF measurement is associated with a different antenna panel, the mitigation of round-trip group delay of UE is further required


TABLE 2
	Measurement type
	
	Impairments


	DL-RSTD measurement
(DL-TDOA)
	Received by different UE antenna panel for each TOF measurement: 
tof1 – tof2 – delta +ΔtTX_tp1 - ΔtTX_tp2 +ΔtRX_ue_panelA -ΔtRX_ue_panelB

Received by same antenna panel for a pair of TOF measurement:
tof1 – tof2 – delta +ΔtTX_tp1 - ΔtTX_tp2

Received by same UE antenna panel but different frequency layer for a pair of TOF measurement:
tof1 – tof2 – delta +ΔtTX_tp1 - ΔtTX_tp2 +ΔtRX_ue_L1 -ΔtRX_ue_L2

	TRP pair specific:
–delta+ΔtTX_tp1 -ΔtTX_tp2 

UE specific: 
ΔtRX_ue_panelA -ΔtRX_ue_panelB

UE specific: 
ΔtRX_ue_L1 -ΔtRX_ue_L2

	UL-RSTD measurement
(differential on two UL-RTOA measurements)
(UL-TDOA)
	Transmitted by different UE antenna panel for each UL-RTOA measurement:
tof1 – tof2 + delta + ΔtRX_tp1 –ΔtRX_tp2 –ΔtTX_ue_panelB +ΔtTX_ue_panelA 

Transmitted by same UE antenna panel:
tof1 – tof2 + delta + ΔtRX_tp1 –ΔtRX_tp2 

	TRP pair specific:
delta + ΔtRX_tp1 –ΔtRX_tp2 

UE specific:
ΔtTX_ue_panelA –ΔtTX_ue_panelB

	Combination of DL-RSTD measurement and UL-RSTD measurement
(DL-TDOA+UL-TDOA)
	Combine when each TOF measurement is associated with a different UE antenna panel:
tof1 – tof2 – delta +ΔtTX_tp1 - ΔtTX_tp2 +ΔtRX_ue_panelA -ΔtRX_ue_panelB
+ΔtRX_tp1 –ΔtRX_tp2 –ΔtTX_ue_panelB +ΔtTX_ue_panelA

Combine when TOF measurements are associated with a same UE antenna panel
tof1 – tof2 +ΔtTX_tp1 – tTX_tp2 +ΔtRX_tp1 –ΔtRX_tp2 

	TRP specific:
ΔtTX_tp1 +ΔtRX_tp1
ΔtTX_tp2 +ΔtRX_tp2

UE specific:
ΔtTX_ue_panelA +ΔtRX_ue_panelA
ΔtTX_ue_panelB +ΔtRX_ue_panelB


	Combination of UE RX-TX time difference measurement and gNB RX-TX time difference measurement
(M-RTT)
	Combine from baseband :
2*tof1+ΔtTX_tp1 +ΔtRX_tp1 +ΔtTX_ue +ΔtRX_ue 

Combine from RF:
2*tof1

	TRP specific: 
ΔtTX_tp1 +ΔtRX_tp1

UE specific:
ΔtTX_ue_panelA +ΔtRX_ue_panelA
ΔtTX_ue_panelB +ΔtRX_ue_panelB
TA mismatch
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Fig. 3-1: DL-RSTD measurement under 2 UE receiving panels
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Fig. 3-2: UL-RTOA measurement under different UE transmission panel
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Fig. 3-3, UE RX-TX time difference and gNB RX-TX time difference measurement analysis


4 Group delay handing for each measurement type

4.a DL-RSTD measurement
It is observed in TABLE 2 that, there are 2 impairment terms for mitigation under intra-frequency measurement,
1. -delta+ΔtTX_tp1 -ΔtTX_tp2 (downlink RTD)
2. ΔtRX_ue_panelA -ΔtRX_ue_panelB

The term 1, which is TRP specific, can be treated as RTD. The solutions for mitigation could be
A. Reference device approach: If a pre-configured reference device is present, the reference device may receive DL-PRS from multiple TRPs’ transmission, by using a same receiving antenna panel in order to avoid the RX group delay mismatch. The reference device may measure DL-RSTD and then report to the location server, as seen in Fig. 2-1f. The reported DL-RSTD may be expressed as tof1 – tof2 – delta +ΔtTX_tp1 -ΔtTX_tp2 for a pair of TRPs’ transmission. Since tof1 - tof2 is known a priori for the location server, the term 1 ( –delta + ΔtTX_tp1 - ΔtTX_tp2 ) can then be estimated. Furthermore, if TRP has multiple antenna panels, there should be association between DL-PRS transmission and physical antenna panel (represented by TX TEG implicitly). SinceΔtTX_tp1 could beΔtTX_tp1_panelA or ΔtTX_tp1_panelB. This also means the downlink RTD could be TEG specific
· The reference device approach is mainly used for the estimation of one-side group delay difference
B. Cooperative network (on-the-fly inside-chip calibration) approach: If TRPs have capability to on-the-fly perform its own RX+TX (round-trip) group delay estimation per antenna panel, as seen in Fig. 2-1a, the location server may configure UEs for DL-RSTD measurements, and configure TRPs for UL-RTOA measurements. This is also the realization of DL-TDOA+UL-TDOA. By following the below steps, the term 1 impairment could be derived,
· The reported DL-RSTD measurement for a pair of TRPs’ transmission by using a same UE antenna panel for receiving maybe expressed as tof1 – tof2 – delta +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 + delta, --(2)
· Each TRP also reports the estimated RX+TX group delay to the location server, which are for example, (ΔtRX_tp1 +ΔtTX_tp1 ) and (ΔtRX_tp2 +ΔtTX_tp2 ). The RX and TX may happen at the same antenna panel to facilitate the on-the-fly inside-chip calibration
· Let (1) –(2) + (ΔtRX_tp1 +ΔtTX_tp1 ) - (ΔtRX_tp2 +ΔtTX_tp2 ), then the term 1 impairment ( -delta + ΔtTX_tp1 - ΔtTX_tp2 ) could be derived
· If there are multiple antenna panels for gNB, the proper pairing for DL and UL measurements is crucial. The gNB may indicate the association between DL-PRS transmission and TX antenna panel (feasible by using TX TEG) to the location server, indicate the association between UL-RTOA measurement report and RX TEG, and report the estimated round-trip group delay for RX TEG+ TX TEG, and . Basically RX TEG and TX TEG should be associated to a same antenna panel to facilitate on-the-fly inside-chip calibration. To report the estimated round-trip group delay, using “RX TEG+ TX TEG” with a unified group index could be feasible
· If the estimated round-trip group delay is compensated on UL-RTOA measurement before reporting, the UL-RSTD value may be expressed as tof1 – tof2 -ΔtTX_tp1 +ΔtTX_tp2 + delta, -- (3)
· Let (1) – (3), then the term 1 impairment ( -delta + ΔtTX_tp1 - ΔtTX_tp2 ) could also be derived
· Similar to above for proper pairing for DL and UL measurements. The gNB may indicate the association between DL-PRS transmission and TX antenna panel (feasible by using TX TEG) to the location server, indicate whether round-trip group delay has been compensated within the UL-RTOA measurement, and indicate the association between UL-RTOA measurement report and TX TEG, since now it isΔtTX_tp1 , not ΔtRX_tp1 , within the UL-RTOA measurement report. In this way, the indication of “RX TEG+ TX TEG” may not be needed since the RX part has been mitigated before reporting
· Remember that this is also the realization of the concept of cooperative network. The location server may derive the estimation of ( -delta + ΔtTX_tp1 - ΔtTX_tp2 ) in a time instance based on the UEs which report DL-RSTD measurements and also transmit SRS for UL-RTOA measurements, and the estimated impairment could improve the reported DL-RSTD measurements of the UEs which don't transmit SRS in a certain time instance. The impairment ( -delta + ΔtTX_tp1 - ΔtTX_tp2 ) is common to all the UEs
C. Pre-calibration approach: If the TX group delay at TRPs (ΔtTX_tp1 and ΔtTX_tp2 ) are pre-calibrated, for example through circuit simulation or calibration after mass production, the TRP may automatically modify the TX timing (by using the mean value of pre-calibrated group delay) so that the group delay impact may assume to be negligible. The corresponding statistics of group delay (variance) may report to the location server as the weighting basis

We consider UE as the reference device, because there is flexibility to allocate the position within a cell. IAB-MT also behaves like a UE, which is also suitable as reference device. There is no need to additionally design new gNB functionality to receive DL-PRS and to transmit SRS.

Since the reference UEs within a cell have the known positions in a priori during cell deployment, the gNB may report to the location server through higher layer signaling the positions, and the corresponding IDs which can identify the reference UEs. The reference UEs may just follow same reporting format as the normal UEs for positioning.

The reference device solution may also bring extra cost during cell deployment. Based on the above analysis, the reference device solution is not the only solution to estimate the TX group delay difference between a pair of TRPs. Actually, the TX group delay difference and the synchronization error are indistinguishable from each other. Then, the defined downlink RTD could represent the composite outcome of synchronization error and TX group delay difference between a pair of TRPs. The above cooperative network solution, by utilizing DL-TDOA+UL-TDOA, is also a solution to obtain downlink RTD.

The reference device solution may be extended to a potential use case that, when there is high confidence on a UE’s position due to the identified LOS linkages to multiple TRPs through the measurement reports, this UE may be dynamically selected as a reference device. In section 4.a.1, the further consideration is presented.

The solutions for term 2 (UE specific) mitigation could be
A. Pre-calibration approach: If the RX group delay at different antenna panels of a UE (ΔtRX_ue_panelA ,ΔtRX_ue_panelB), or at different frequency layers, are pre-calibrated, for example through circuit simulation or calibration after mass production, the UE may cancel it and then report the measurement (by using the mean value of pre-calibrated group delay) so that the group delay impact may be assumed negligible. The corresponding statistics of group delay (variance) may report to the location server as the weighting basis
B. On-the-fly inside-chip calibration approach: If UE is able to perform on-the-fly inside-chip round-trip group delay estimation per antenna panel, and UE may assume RX group delay is half of the round-trip group delay, and then the RX group delay difference between antenna panels could be cancelled within the DL-RSTD measurement report. The potential statistics (variance) of group delay difference may report to the location server as the weighting basis. This is because an assumption is made that RX group delay is half of the round-trip group delay
C. Observer approach: A UE is expected to find a TRP whose signal can be received by its own multiple antenna panels, as seen in Fig. 2-1e. As such the UE may have the chance to estimate the RX group delay difference between the own antenna panels. When the estimation is obtained, the RX group delay difference could be cancelled within the DL-RSTD measurement report. Similar to the above approaches, the statistics (variance) of group delay difference may report to the location server as the weighting basis



4.a.1 Precision consideration of the reference device position
When the reference device is considered as the solution to estimate the group delay, the location of reference device needs to be sufficiently precise, because 30 centi-meter offset will induce 1ns delay. A UE which can dynamically be acted as reference device may not be free of the position error. We suggest that in Rel-17, only the pre-configured reference device is considered. The dynamic reference device may also be related to the extention of sidelink framework. Therefore, it is suggested to study in Rel-18.


Observation 4a-1: The reference device approach is mainly used for the estimation of one-side group delay difference

Observation 4a-2: The TX group delay difference between a pair of TRPs and the synchronization error between a same pair of TRPs are indistinguishable from each other 

Observation 4a-3: The defined RTD for downlink could represent the composite outcome of synchronization error and TX group delay difference between a pair of TRPs

Observation 4a-4: If a TRP can be observed by multiple receiving panels of a UE, UE may automatically change RSTD reference TRP to this TRP

Proposal 4a-1: Using TEG to implicitly indicate the associated physical antenna panel is feasible for gNB side, even though gNB may at the end implement a single antenna panel

Proposal 4a-2: RTD could be TX TEG specific if there are multiple antenna panels at TRPs

Proposal 4a-3: TX group delay difference between a pair of TRPs is part of RTD

Proposal 4a-4: If TRP has multiple antenna panels, each having its own RF chain, then there should be association between DL-PRS transmission and physical antenna panel (represented by TX TEG implicitly)

Proposal 4a-5: For reference device approach, the pre-configured reference device is considered in Rel-17, and the dynamic reference device could be studied in the future

Proposal 4a-6: For reference device approach, we consider UE as the reference device, because there is flexibility to allocate the position within a cell. IAB-MT also behaves like a UE, which is also suitable as reference device

Proposal 4a-7: For reference device approach, since the reference UEs within a cell have the known positions in a priori during cell deployment, the gNB may report the positions, and the corresponding IDs which can identify the reference UEs to the location server through higher layer signaling

Proposal 4a-8: For reference device approach, the reference UEs may just follow same reporting format as the normal UEs for positioning.

Proposal 4a-9: For the TRP with on-the-fly inside-chip calibration capability, the estimated round-trip group delay and corresponding statistics per physical antenna panel could report to the location server to facilite downlink RTD estimation

Proposal 4a-10: To report the estimated round-trip group delay, using “RX TEG+TX TEG” with a unified group index coule be feasible

Proposal 4a-11: For DL-RSTD measurement, UE may also report whether the respective TOF measurement for forming a DL-RSTD measurement is through different antenna panel (RX TEG) for receiving

Proposal 4a-12: For DL-RSTD measurement, the statistics (variance) of RX group delay difference at UE which are related to different frequency layers for receiving, and different antenna panels for receiving may report to the location server


4.b UL-RTOA measurements for forming UL-RSTD
Similar to DL-RSTD measurements, when taking the differential on a pair of UL-RTOA measurement results to form UL-RSTD measurements, there are 2 impairment terms for mitigation. They are
1. delta+ΔtRX_tp1 -ΔtRX_tp2  (uplink RTD)
2. ΔtTX_ue_panelA -ΔtTX_ue_panelB

The solutions for term 1 (TRP specific) mitigation could be
A. Reference device approach: If a pre-configured reference device is present, the reference device may transmit SRS using a same antenna panel in order to avoid the TX group delay mismatch, as seen in Fig. 2-1c. The TRPs report UL-RTOA measurements to the location server, and the location server may combine a pair of UL-RTOA measurements to derive the term: tof1 – tof2 +ΔtRX_tp1 -ΔtRX_tp2 + delta. Since tof1- tof2 is known a priori for the location server, then term 1 (ΔtRX_tp1 -ΔtRX_tp2 + delta) can be estimated. Furthermore, if TRP has multiple antenna panels, there should be association between SRS receiving and physical antenna panel (represented by RX TEG implicitly). SinceΔtRX_tp1 could beΔtRX_tp1_panelA or ΔtRX_tp1_panelB. This also means the uplink RTD could be TEG specific
B. Cooperative network (on-the-fly inside-chip calibration) approach: If TRPs have capability to on-the-fly perform its own inside-chip RX+TX (round-trip) group delay estimation per antenna panel, as seen in Fig. 2-1a, the location server may configure UEs for DL-RSTD measurements, and configure TRPs for UL-RTOA measurements. By following the below steps, the term 1 impairment could be derived,
· The reported DL-RSTD measurement for a pair of TRPs’ transmission by using a same UE antenna panel for receiving maybe expressed as tof1 – tof2 – delta +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 + delta, --(2)
· Each TRP also reports the estimated RX+TX group delay to the location server, which are for example, (ΔtRX_tp1 +ΔtTX_tp1 ) and (ΔtRX_tp2 +ΔtTX_tp2 ) 
· Let (2) –(1) + (ΔtRX_tp1 +ΔtTX_tp1 ) - (ΔtRX_tp2 +ΔtTX_tp2 ), then uplink RTD ( delta + ΔtRX_tp1 - ΔtRX_tp2 ) could be derived
· Remember that this approach is very similar to that to derive the downlink RTD (-delta + ΔtTX_tp1 - ΔtTX_tp2) for DL-RSTD measurement, which is to use (1) – (2) + (ΔtRX_tp1 +ΔtTX_tp1 ) - (ΔtRX_tp2 +ΔtTX_tp2 ) to derive the downlink RTD
C. Pre-calibration approach: If the RX group delay at TRPs (ΔtRX_tp1 and ΔtRX_tp2 ) are pre-calibrated, for example through circuit simulation or calibration after mass production, the TRP may automatically cancel the group delay within the UL-RTOA measurement report (by using the mean value of pre-calibrated group delay) so that the group delay impact may assume to be negligible. The corresponding statistics of group delay (variance) may report to the location server as the weighting basis

The solutions for term 2 (UE specific) mitigation could be
A. Pre-calibration approach: If the TX group delay at different antenna panels of a UE (ΔtTX_ue_panelA ,ΔtTX_ue_panelB) are pre-calibrated, for example through circuit simulation or calibration after mass production, the UE may automatically modify the TX timing (by using the mean value of pre-calibrated group delay) so that the group delay impact may be assumed negligible. The corresponding statistics of group delay (variance) may report to the location server as the weighting basis
B. On-the-fly inside-chip calibration approach: If UE is able to perform on-the-fly round-trip group delay estimation per antenna panel, and UE may assume TX group delay is half of the round-trip group delay, and then UE may adjust the TX timing to mitigate the impact of TX group delay difference between antenna panels. The potential statistics of group delay (variance) may report to the location server as the weighting basis. This is because an assumption is made that TX group delay is half of the round-trip group delay
C. Observer approach: A UE transmits signal from its own multiple antenna panels, and it is expected to find a TRP which is able to receive the signal from the transmission of multiple antenna panels of this UE, as seen in Fig. 2-1b. Then the TRP may have the chance to estimate the TX group delay difference between antenna panels of a UE. Once the estimation is available, the TRPs may report it to the location server in order to improve the accuracy during the combination of UL-RTOA measurements. Similarly, the statistics of group delay (variance) may report to the location server as the weighting basis

The association between SRS transmission and the physical antenna panel may be needed so that the TRP may estimate the TX group delay difference between antenna panels of a UE. Another potential use case is, the location server may request UE to transmit from another antenna panel in order to improve DOP. This is because each antenna panel may not transmit the signal to all the surrounding TRPs due to strong directivity in FR2. 

Observation 4b-1: The uplink RTD could represent the composite outcome of synchronization error and RX group delay difference between a pair of TRPs

Proposal 4b-1: The association between SRS transmission and the physical antenna panel (TX TEG) may provide to the location server

Proposal 4b-2: The estimated round-trip group delay and corresponding statistics at TRPs may also report to the location server to facilitate uplink RTD estimation for UL-TDOA technique


4.c DL-RSTD+UL-RTOA measurements
Besides M-RTT technique, DL-TDOA+UL-TDOA have also shown the capability to mitigate synchronization error. The RTD is actually the combination of several error resources, such as synchronization error, and group delay difference between TRPs. In above sections, we have demonstrated that the combination of DL-RSTD and UL-RTOA measurements may derive the RTD estimation for downlink and uplink. The key is the knowledge of RX+TX group delay at TRPs.

The RTD estimation is based on the condition that, the pair of DL-TOF measurements for forming a DL-RSTD measurement are to be received by a same antenna panel, and the pair of UL-RTOA measurements for forming a UL-RSTD measurement are to be transmitted by a same transmission antenna panel. In this way, there is no UE specific impairment. When the impairment is TRP specific only, the cooperative network could be applied to achieve SRS overhead reduction [1]. 

The DL-RSTD measurements and UL-RTOA measurements can be separately configured for DL-TDOA and UL-TDOA technique. Therefore, it doesn't mandate that DL-PRS transmission and SRS receiving need to be associated to a same antenna panel. As explained above, the benefit of joint configuration is evident, and this may lead to an issue that whether the DL-PRS transmission and SRS receiving could be associated to a same physical antenna panel under joint configuration. We propose that, to facilitate the on-the-fly downlink and uplink RTD estimation, the location server may request the gNBs to meet the association of a same antenna panel for DL-PRS transmission and SRS receiving.
 

Observation 4c-1: It doesn't mandate that DL-PRS transmission and SRS receiving need to be associated to a same antenna panel when the DL-RSTD measurements and UL-RTOA measurements are separately configured

Proposal 4c-1: To facilitate the on-the-fly downlink and uplink RTD estimation, the location server may request the gNBs to meet the association of a same antenna panel for DL-PRS transmission and SRS receiving


4.d RX-TX time difference measurements
It is observed in Fig. 3-3 that,
· UE RX-TX time difference using baseband as reference point MINUS (ΔtTX_ue_panelA +ΔtRX_ue_panelA) is equal to UE RX-TX time difference using antenna (connector) as reference point
· gNB RX-TX time difference using baseband as reference point MINUS (ΔtTX_tp1 +ΔtRX_tp1) is equal to gNB RX-TX time difference using antenna (connector) as reference point
· The combination of UE RX-TX time difference and gNB RX-TX time difference both using antenna (connector) as reference point could cancel the TX group delay contributed by a UE and a gNB, TA term, and the timing offset between a gNB and a UE, and finally the RTT (TOF) could be derived

So we can see that, the combination of RX-TX time difference measurement at both UE and gNB side is to cancel the unwanted terms and the desired term emerges. If the cancellation is not perfect, the residual errors may have the impact to the desired term, which is tof in the expression.

Let’s further inspect what could cause the imperfect cancellation,
· For UE RX-TX time difference measurement observed at baseband, UE compensates it by using the estimated round-trip group delay of an antenna panel to move the reference point to antenna: ΔtTX_tp1 + tof1 – mu + ΔtRX_ue_panelA + TA1 – ( + 
· For gNB RX-TX time difference measurement observed at baseband, gNB compensates it by using the estimated round-trip group delay of an antenna panel to move the reference point to antenna: mu – TA2 + ΔtTX_ue_panelA + tof1 + ΔtRX_tp1 – ( + 

Then the imperfect cancellation may happen when
· TA1 may not necessarily be equal to TA2, where TA1 means the TA at the moment of UE measurement, and TA2 means the TA when UE transmits SRS
· The estimation of round trip group delay may not be exactly equal to the actual round-trip group delay, at both UE and gNB side

The improvement could be,
· The delta adjustment of TA, which is TA2 – TA1, may report to the location server
· UE and gNB may report the statistics (variance) of the round-trip group delay of the associated antenna panel in use. Furthermore, the measurement combinations of downlink and uplink are mainly used to cancel the TX group delay terms, which are (ΔtTX_tp1 - ΔtTX_ue_panelA) and (-ΔtTX_tp1 + ΔtTX_ue_panelA ) that reside in DL and UL measurements respectively. Then in order to do the proper pairing for cancellation, UE may also report using which TX antenna panel for SRS transmission, and gNBs may also need to report using which TX antenna panel for DL-PRS transmission. The terminology of TX TEG could be used.


Observation 4d-1: For UE RX-TX time difference measurement, the difference between using baseband and using antenna (connector) as reference point is the round-trip (RX+TX) group delay of a UE antenna panel 

Observation 4d-2: For gNB RX-TX time difference measurement, the difference between using baseband and using antenna (connector) as reference point is the round-trip (RX+TX) group delay of a gNB antenna panel 

Observation 4d-3: For M-RTT, the reference device approach may not be suitable because M-RTT requires the knowledge of round-trip group delay. The pre-calibration, or on-the-fly inside-chip calibration are feasible

Observation 4d-4: The combination of RX-TX time difference measurement at both UE and gNB side is to cancel the unwanted terms and then the desired term emerges

Observation 4d-5: The imperfect cancellation may happen when
· The mismatch between the applied TA for UE RX-TX time difference measurement and for the actual SRS transmission for gNB RX-TX time difference measurement
· The estimated round-trip group delay may not be exactly equal to the actual round-trip group delay, at both UE and gNB side

Proposal 4d-1: For M-RTT, the delta adjustment of TA, which is between the applied TA for UE RX-TX time difference measurement and for actual SRS transmission for gNB RX-TX time difference measurement, may report to the location server

Proposal 4d-2: For M-RTT, in order to do the proper pairing for cancellation, UE may also report using which TX antenna panel for SRS transmission, and gNBs may also need to report using which TX antenna panel for DL-PRS transmission. The terminology of TX TEG could be used

Proposal 4d-3: For M-RTT, UE and gNB may report the statistics (variance, uncertainty level) of the round-trip group delay of the associated antenna panel. Round-trip group delay compensation should have been done before reporting


4.d.1 Differential RTT or DL-TDOA+UL-TDOA?
Differential RTT is the mechanism to perform differential operation at location server. If the UE has limited capability for group delay mitigation, the best solution is to apply the differential measurements before reporting, such as DL-RSTD in intra-frequency measurement. There is no clear reason that the location server needs to deal with the group delay issue that could be avoided in advance, for each UE. Also there is no clear reason for location server to perform differential RTT for some UEs, and not to perform differential RTT for other UEs.

Furthermore, DL-TDOA+UL-TDOA realizes the concept of cooperative network to efficiently reduce uplink overheads, and also provides the estimation of RTD. The flexibility of DL-PRS periodicity and SRS periodicity configurations for each UE also reduces scheduling restriction.

The idea that the differential RTT can contain the usage of DL-TDOA+UL-TDOA is not sensible.


Observation 4d-6: If the UE has limited capability for group delay mitigation, the best solution is to apply the differential measurements before reporting, such as DL-RSTD in intra-frequency measurement

Observation 4d-7: There is no clear reason that the location server needs to deal with the group delay issue that could be avoided in advance, for each UE

Observation 4d-8: There is no clear reason for location server to perform differential RTT for some UEs, and not to perform differential RTT for other UEs

5 Conclusion
Observation 2-1: The frequency dependent nature of group delay could be mitigated by utilizing the intra-frequecy measurements, since there is no particular needs for inter-frequemcy measurements for positioning under higher accuracy scenario, such as IIOT

Observation 2-2: The pre-calibration solution means, the group delay and the corresponding statisticsis is collected by running the simulation during circuit design phase, or by calibration after mass production. It is not a on-the-fly solution.

Observation 2-3: It doesn’t mean that RX group delay, or TX group delay is half of round-trip (RX+TX) group delay

Observation 4a-1: The reference device approach is mainly used for the estimation of one-side group delay difference

Observation 4a-2: The TX group delay difference between a pair of TRPs and the synchronization error between a same pair of TRPs are indistinguishable from each other 

Observation 4a-3: The defined RTD for downlink could represent the composite outcome of synchronization error and TX group delay difference between a pair of TRPs

Observation 4a-4: If a TRP can be observed by multiple receiving panels of a UE, UE may automatically change RSTD reference TRP to this TRP

Observation 4b-1: The uplink RTD could represent the composite outcome of synchronization error and RX group delay difference between a pair of TRPs

Observation 4c-1: It doesn't mandate that DL-PRS transmission and SRS receiving need to be associated to a same antenna panel when the DL-RSTD measurements and UL-RTOA measurements are separately configured

Observation 4d-1: For UE RX-TX time difference measurement, the difference between using baseband and using antenna (connector) as reference point is the round-trip (RX+TX) group delay of a UE antenna panel 

Observation 4d-2: For gNB RX-TX time difference measurement, the difference between using baseband and using antenna (connector) as reference point is the round-trip (RX+TX) group delay of a gNB antenna panel 

Observation 4d-3: For M-RTT, the reference device approach may not be suitable because M-RTT requires the knowledge of round-trip group delay. The pre-calibration, or on-the-fly inside-chip calibration are feasible

Observation 4d-4: The combination of RX-TX time difference measurement at both UE and gNB side is to cancel the unwanted terms and then the desired term emerges

Observation 4d-5: The imperfect cancellation may happen when
· The mismatch between the applied TA for UE RX-TX time difference measurement and for the actual SRS transmission for gNB RX-TX time difference measurement
· The estimated round-trip group delay may not be exactly equal to the actual round-trip group delay, at both UE and gNB side

Observation 4d-6: If the UE has limited capability for group delay mitigation, the best solution is to apply the differential measurements before reporting, such as DL-RSTD in intra-frequency measurement

Observation 4d-7: There is no clear reason that the location server needs to deal with the group delay issue that could be avoided in advance, for each UE

Observation 4d-8: There is no clear reason for location server to perform differential RTT for some UEs, and not to perform differential RTT for other UEs

Proposal 4a-1: Using TEG to implicitly indicate the associated physical antenna panel is feasible for gNB side, even though gNB may at the end implement a single antenna panel

Proposal 4a-2: RTD could be TX TEG specific if there are multiple antenna panels at TRPs

Proposal 4a-3: TX group delay difference between a pair of TRPs is part of RTD

Proposal 4a-4: If TRP has multiple antenna panels, each having its own RF chain, then there should be association between DL-PRS transmission and physical antenna panel (represented by TX TEG implicitly)

Proposal 4a-5: For reference device approach, the pre-configured reference device is considered in Rel-17, and the dynamic reference device could be studied in the future

Proposal 4a-6: For reference device approach, we consider UE as the reference device, because there is flexibility to allocate the position within a cell. IAB-MT also behaves like a UE, which is also suitable as reference device

Proposal 4a-7: For reference device approach, since the reference UEs within a cell have the known positions in a priori during cell deployment, the gNB may report the positions, and the corresponding IDs which can identify the reference UEs to the location server through higher layer signaling

Proposal 4a-8: For reference device approach, the reference UEs may just follow same reporting format as the normal UEs for positioning.

Proposal 4a-9: For the TRP with on-the-fly inside-chip calibration capability, the estimated round-trip group delay and corresponding statistics per physical antenna panel could report to the location server to facilite downlink RTD estimation

Proposal 4a-10: To report the estimated round-trip group delay, using “RX TEG+TX TEG” with a unified group index coule be feasible

Proposal 4a-11: For DL-RSTD measurement, UE may also report whether the respective TOF measurement for forming a DL-RSTD measurement is through different antenna panel (RX TEG) for receiving

Proposal 4a-12: For DL-RSTD measurement, the statistics (variance) of RX group delay difference at UE which are related to different frequency layers for receiving, and different antenna panels for receiving may report to the location server

Proposal 4b-1: The association between SRS transmission and the physical antenna panel (TX TEG) may provide to the location server

Proposal 4b-2: The estimated round-trip group delay and corresponding statistics at TRPs may also report to the location server to facilitate uplink RTD estimation for UL-TDOA technique

Proposal 4c-1: To facilitate the on-the-fly downlink and uplink RTD estimation, the location server may request the gNBs to meet the association of a same antenna panel for DL-PRS transmission and SRS receiving

Proposal 4d-1: For M-RTT, the delta adjustment of TA, which is between the applied TA for UE RX-TX time difference measurement and for actual SRS transmission for gNB RX-TX time difference measurement, may report to the location server

Proposal 4d-2: For M-RTT, in order to do the proper pairing for cancellation, UE may also report using which TX antenna panel for SRS transmission, and gNBs may also need to report using which TX antenna panel for DL-PRS transmission. The terminology of TX TEG could be used

Proposal 4d-3: For M-RTT, UE and gNB may report the statistics (variance, uncertainty level) of the round-trip group delay of the associated antenna panel. Round-trip group delay compensation should have been done before reporting
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