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[bookmark: _Ref78888565]Introduction
The RAN WG1 works on the specification of RX/TX timing errors estimation and compensation to enable enhanced positioning services. The concept of Timing Error Groups (TEGs) was introduced to facilitate mitigation of RX/TX timing errors for the timing-based positioning methods (DL-TDOA, UL-TDOA, and Multi-RTT) at LMF side.
In this contribution we provide our view on the issues raised by the RAN WG2 for the TX timing error correction information in case of the UE-based positioning, clarification on the antenna orientation information for the Positioning Reference Unit (PRU), and the issue of duplicated parameters for the multiple UE and TRP RX TEGs measurements. 

Mitigation UE and gNB Rx/Tx Timing Delays
[bookmark: _Hlk83559200]TX Timing Error Correction Information for UE-based Positioning
The TX timing errors mitigation for UE-based positioning was discussed at the RAN WG1#104b-e meeting and the following agreement has been captured in the chairman’s notes, [1]:
	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
· [bookmark: _Hlk69244085]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
1. Send an LS to RAN4 to check if there is any issue to support the above enhancements



It was agreed that the LMF can provide the association information of the DL PRS resources with the TX TEGs to a UE for UE-based positioning, if TRP has multiple TEGs. Although the UE may know that possible TX timing errors can exist based on the provided TX TEGs information by the LMF, it still cannot estimate it. 
The actual TRP TX timing errors are estimated based on the calibration procedure established between the LMF and the Positioning Reference Unit (PRU), that has known coordinates. 
Based on that procedure, the LMF can estimate the difference of TX timing errors of the target and the reference TRPs and then compensate its impact on the DL Reference Signal Time Difference (DL RSTD) measurement. 
In case of the UE-based positioning, the LMF needs to provide the “correction information” to the UE, so that UE can compensate it in its own DL RSTD measurement. 
Based on the provided considerations, the solution for TX timing errors mitigation in case of the UE-based positioning is incomplete and requires additional signaling of the “correction information” from the LMF to the UE. 
According to that, RAN WG1 received the incoming LS from the RAN WG2 with the request to provide the details on the specific “correction information” which need to be provided to a target UE, [2]:
	To RAN1 group.
ACTION: RAN2 kindly asks RAN1 whether the LMF determined "correction information" obtained from PRU measurements need to be provided to target UEs for UE-based mode of operation, and if so, kindly asks RAN1 to provide further details on the specific "correction information" which need to be provided to target UEs. 



In this contribution, we provide the details on the requested specific “correction information” and propose two options for that. 

The DL RSTD measurement for a target UE performing measurements with the ith TRP and the jth reference TRP, can be written in the form:
	
,
	[bookmark: _Ref60819805](1)


where TUE,i and TUE,j is the propagation air time between the UE and the ith and jth TRPs, respectively, eliTX,i is the TX timing error for the ith TRP with the (li)th TX panel, eljTX,i is the TX timing error for the jth TRP with the (lj)th TX panel, eniRX,UE is the RX timing error for the UE with the (ni)th RX panel, and enjRX,UE is the RX timing error for the UE with the (nj)th RX panel. 
It may be seen, that the measured DL RSTD value is impacted by the TX timing errors difference (eliTX,i-eljTX,i) at the TRPs and the RX timing errors difference (ni-nj) at the UE. 
If UE uses the same RX panel to receive the DL PRS from both the ith and jth TRP, then the RX timing errors difference may be applied equal to zero: 
	
.
	(2)


With that simplification, the DL RSTD measurement can be written in the form:
	
.
	[bookmark: _Ref95211255](3)


If LMF signals to the UE, that gNB uses different TX TEGs for the ith and jth TRPs, then the TX timing errors difference (eliTX,i-eljTX,i) cannot be ignored and needs to be estimated and compensated. 
The estimation of the TX timing errors difference is performed by the gNB/LMF with the Positioning Reference Unit (PRU) with known coordinates. The PRU (like a regular UE) performs DL RSTD measurement and then reports it to the LMF:
	
,
	(4)


where TPRU,i and TPRU,j is the propagation air time between the PRU and the ith and jth TRPs, respectively, which can be computed based on the known PRU and TRPs’ coordinates, and (eliTX,i-eljTX,i) is the TX timing errors difference, that needs to be estimated. 
Hence, the estimation for (eliTX,i-eljTX,i) can be simply found as:
	
.
	[bookmark: _Ref95211243](5)



Finally, the TX timing errors difference derived in (5) needs to be compensated in (3) to obtain timing error-free estimate of the DL RSTD for the target UE.

There are two basic options that can be used to define the “correction information.”
Option 1:
In the first option, the LMF may report the DL RSTD measurement and the associated TX TEGs obtained with the PRU during calibration stage to the target UE. In addition to that, the PRU coordinates need to be also reported to the target UE. 
Based on the obtained information, the target UE may compute the TX timing errors difference in accordance with (5).
Option 2:
In the second option, instead of the DL RSTD measurement and the PRU coordinates, the LMF may report the estimated TX timing errors difference and the associated TX TEGs. The advantage of using this option, is that LMF does not reveal the information on the PRU coordinates to the target UE. 
In that case the errors computation resides at the LMF entity, and the target UE just compensates the received error estimate from the LMF. 

Based on the provided considerations, we have the following proposal for the “correction information” format in case of the UE-based positioning:


For UE-based DL-TDOA positioning, support one of the following options for assistance information reporting from the LMF to the target UE to facilitate TRP TX timing errors mitigation:
Option 1: 
Support the LMF providing the DL RSTD measurement and the associated TX TEGs obtained with the Positioning Reference Unit (PRU) to the target UE
Support the LMF providing the PRU coordinates to the target UE
Option 2: 
Support the LMF providing the TRP TX timing errors difference (between the target and reference TRP) and the associated TX TEGs to the target UE

Positioning Reference Unit (PRU) Antenna Orientation Information
The introduction of Positioning Reference Unit (PRU) entity for the sake of the TX and RX timing errors calibration was discussed at the RAN WG1#105e meeting and the following agreement has been captured in the chairman’s notes, [3]:
	Agreement:
Send an LS to RAN2/RAN3 (cc SA2), including the following content:
· RAN1 has evaluated the use of positioning reference units (PRUs) with known locations for positioning and observes improvements in using PRUs for enhancing the positioning performance. But, RAN1 has not identified specification enhancements needed in RAN1 specifications. RAN1 kindly requests RAN2/RAN3 (cc SA2) to determine if and what specification enhancements are adopted for PRUs for positioning.
· Notes:
· The term “positioning reference unit (PRU)” is only used as a terminology in this discussion.  PRU does not necessarily mean an introduction of a new network node.
· PRU may support, at least, some of the Rel-16 positioning functionalities of UE, if agreed, which is up to RAN2.  The positioning functionalities may include, but not limited to, the following:
· Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences)
· Transmit the UL SRS signals for positioning
· PRU may be requested by the LMF to provide its own known location coordinate information to the LMF. If the antenna orientation information of the PRU is known, the information may also be requested by the LMF.



It was agreed that the PRU may be requested by LMF to provide its location coordinate information and the antenna orientation information to the LMF (if known). 
RAN WG1 received the incoming LS from the RAN WG2 with the request to provide further details on the “PRU antenna orientation information” which need to be provided to a target UE, [2]:
	To RAN1 group
ACTION: RAN2 also kindly asks RAN1 to provide further details on the "PRU antenna orientation information" which should be provided to an LMF.



In this contribution, we provide the details on the “PRU antenna orientation information.” 

According to [4], the antenna array for the PRU can be defined in the Local Coordinate System (LCS). The orientation of the antenna array in the Global Coordinate System (GCS) is defined in general by the series of rotations using bearing angle α, down-tilt angle β, and slant angle γ.

Figure 1 shows an example of antenna array orientation in the LCS, where the boresight direction is perpendicular to the antenna array plane and aligned with the x’ axis. y’ and z’ are aligned with the row and column dimensions of the antenna array, respectively. 


[bookmark: _Ref95229205]Figure 1: PRU antenna array in the Local Coordinate System (LCS) (x’, y’, z’).

Figure 2 shows an example of LCS to GCS translation by means of rotation by bearing angle α, down-tilt angle β, and slant angle γ.
	

	


	(a) Rotation by bearing angle α
	(b) Rotation by down-tilt angle β

	

	

	(c) Rotation by slant angle γ
	


[bookmark: _Ref95230889]Figure 2: Example of LCS to GCS translation by means of rotation by bearing angel α, down-tilt angle β, and slant angle γ

If the antenna array of PRU is defined in the LCS, then its orientation can be unambiguously defined in the GCS by thee angles (α, β, γ). 
Therefore, we propose to define the PRU antenna orientation information reusing the Rel.16 LCS-GCS-Translation-Parameter-r16 as shown in Table 1 below, [5]. 

Table 1: LCS-GCS-Translation-Parameter-r16
	




Based on the provided considerations, we have the following proposal:


Support PRU antenna orientation information reporting in GCS from PRU to the LMF reusing the LCS-GCS-Translation-Parameter-r16 defined in Rel.16 
where the PRU antenna array boresight direction in LCS is aligned with the x axis, and
y and z axes in LCS are aligned with the row and column dimensions of the antenna array, respectively 

Sharing of the antenna orientation information to LMF is not expected to be supported by normal UEs and is also expected to be optional capability for PRU-UEs. To reflect this aspect, the new UE feature groups need to be defined. Therefore, we have following proposal:


Introduce the following UE capability/feature groups for PRU support:
FG x1: Support of the PRU functionality
UE may be requested by the LMF to provide its own known location coordinate information to the LMF to facilitate mitigation of UE/gNB TX/RX timing delay mitigation
FG x2: Support of the PRU with antenna orientation information reporting
UE may be requested by the LMF to provide antenna orientation information
FG x1 is a pre-requisite of the FG x2

UE/TRP RX TEGs Duplicated Parameters
RAN WG2 has reviewed the consolidated higher layer parameter list for Rel-17 NR in [6] and found the number of issues that need to be confirmed by the RAN WG1 in the corresponding incoming LS, [7]:
	1. Overall Description:
RAN2 thanks RAN1 for the LS on the reporting of the Tx TEG association information. 
RAN2 discussed the parameters on Mitigation of UE Rx/Tx timing delays and Mitigation of TRP Rx/Tx timing delays indicated in RAN1 LS (R1-2112976) and found the issues listed below which will need to be confirmed by RAN1:
· These two duplicated parameters can be deleted in the RAN1 parameter table:
· numOfUERxTEG-PerPRSResource: duplicated with MeasPRSwithDiffRxTEGs_Request_RSTD
· numOfTRPRxTEG-PerPRSResource_RTOA:  duplicated with MeasPosSRSwithDiffRxTEGs_Request,
· The value range of maxNumOfUE-RxTEG is supposed to be 32, rather than as 8 in the table.
[bookmark: _Hlk95475210]But RAN2 does not conclude that if the srs-PosResourceSetId is required or not in UE TxTEG association report.
2. Actions: 
To RAN WG1
ACTION: 	RAN2 kindly asks RAN1 to confirm the issues identified by RAN2. And RAN2 respectfully asks RAN1 to respond if srs-PosResourceSetId is required in UE TxTEG association report.



Two issues have been identified, including the duplicated parameters for the maximum number of RX TEGs for the RSTD (numOfUERxTEG-PerPRSResource and MeasPRSwithDiffRxTEGs_Request_RSTD) and RTOA (numOfTRPRxTEG-PerPRSResource_RTOA and MeasPosSRSwithDiffRxTEGs_Request) reporting and the maximum value for the parameter maxNumOfUE-RxTEG should be changed from 8 to 32.
In addition, RAN WG2 does not conclude that if the srs-PosResourceSetId is required or not in the UE TxTEG association report. 
RAN WG2 asks RAN WG1 to confirm the issues identified by RAN WG2 and respond if srs-PosResourceSetId is required in the UE TxTEG association report. 

To our understanding parameters numOfUERxTEG-PerPRSResource and MeasPRSwithDiffRxTEGs_Request_RSTD do not duplicate each other and have a different meaning. Similar case is for the parameters numOfTRPRxTEG-PerPRSResource_RTOA and MeasPosSRSwithDiffRxTEGs_Request.

If one refers to the UE feature list in [8], that was discussed at the RAN WG1#107b-e meeting and the UE feature groups FG 27-1-4 and FG 27-1-4a, one can see that there is a difference between these two parameters.

The FG 27-1-4 defines the maximum number of different UE-RxTEGs that a UE can support to measure the same DL PRS of a TRP. 
The FG 27-1-4a defines the maximum number of UE Rx TEGs for measuring the same DL PRS resource simultaneously. 
To our understating, the main difference is that the parameter MeasPRSwithDiffRxTEGs_Request_RSTD defines the total maximum number of different UE RxTEGs that can be measured for the same DL PRS, but it does not imply that the measurements should be accomplished for the same DL PRS resource and simultaneously in time. 
In contrast, the parameter numOfUERxTEG-PerPRSResource defines the maximum number of different UE RxTEGs that can be measured simultaneously in time for the same DL PRS resource. 

Additionally, one can refer to the parameter description provided in [6], see Table 2.

[bookmark: _Ref95478552]Table 2: Description of MeasPRSwithDiffRxTEGs_Request_RSTD and numOfUERxTEG-PerPRSResource parameters
	Parameter name in the spec
	Description

	MeasPRSwithDiffRxTEGs_Request_RSTD
	The parameter is used by a LMF to request a UE to measure the same DL PRS with different UE Rx TEGs for RSTD measurements

	numOfUERxTEG-PerPRSResource
	The number of different UE Rx TEGs that the LMF request a UE to measure the same DL PRS resource of a TRP for RSTD.



We believe that the description in [6] can be enhanced to clarify the difference and have the following proposals:


Prepare reply to LS for RAN WG2 on the duplicated parameters issue (R1-2200878) clarifying the following:
The parameters MeasPRSwithDiffRxTEGs_Request_RSTD and numOfUERxTEG-PerPRSResource do not duplicate each other, and both need to be captured in the higher layer parameter list
The parameter MeasPRSwithDiffRxTEGs_Request_RSTD defines the total maximum number of different UE RxTEGs that can be measured for the same DL PRS 
The parameter numOfUERxTEG-PerPRSResource defines the maximum number of different UE RxTEGs that can be measured simultaneously in time for the same DL PRS resource
Enhance the description of the corresponding parameters in the higher layer parameters list in R1-2112976 clarifying the difference

As for parameters MeasPosSRSwithDiffRxTEGs_Request and numOfTRPRxTEG-PerPRSResource_RTOA we tend to agree with RAN WG2, that the difference in the description provided in [6] is not clear, please see Table 3. 
Moreover, we see inconsistency in the naming conventions used for the UE and TRP parameters. There is a typo in Table 3, where UE RX TEG should be replaced with the TRP RX TEG in the description column. 
[bookmark: _Ref95478832]Table 3: Description of MeasPosSRSwithDiffRxTEGs_Request and numOfTRPRxTEG-PerPRSResource_RTOA parameters
	Parameter name in the spec
	Description

	MeasPosSRSwithDiffRxTEGs_Request
	The parameter is used by a LMF to request a TRP to measure the same UL positioning SRS resource with different UE Rx TEGs (should be TRP Rx TEGs)

	numOfTRPRxTEG-PerPRSResource_RTOA
(Should be numOfTRPRxTEG-PerSRSResource_RTOA)
	The number of different TRP Rx TEGs that the LMF requests a TRP to measure the same UL positioning SRS resource of a UE for RTOA measurements



Based on the provided consideration, we have the following proposal: 


Discuss in RAN WG1 the following modifications for the parameters MeasPosSRSwithDiffRxTEGs_Request and numOfTRPRxTEG-PerPRSResource_RTOA:
Rename the parameter “MeasPosSRSwithDiffRxTEGs_Request” to “MeasPosSRSwithDiffRxTEGs_Request_RTOA”
Clarify that this parameter defines the total maximum number of different TRP RxTEGs that can be measured for the same UL SRS 
Rename the parameter “numOfTRPRxTEG-PerPRSResource_RTOA” to “numOfTRPRxTEG-PerSRSResource”
 Clarify that this parameter defines the maximum number of different TRP RxTEGs that can be measured simultaneously in time for the same UL SRS resource
Enhance the description of the corresponding parameters in the higher layer parameters list in R1-2112976 clarifying the difference
Send the reply to LS for RAN WG2 on the duplicated parameters issue (R1-2200878) clarifying the changes above

Regarding the maximum number of UE RX TEGs, we agree with the RAN WG2, that in the “comment column” the value for the maxNumOfUE-RxTEG is set equal to [32] as a part of the original agreement, but in the “value range column”, the value is set equal to [8]. 
However, in the UE feature list in the document [8], the candidate values are taken as {2, 3, 4, 6, 8} and still under consideration. 
We believe that the correct number [8] or [32] needs to be clarified by RAN WG1 in response to the RAN WG2. 

Based on the provided considerations, we have the following proposal:


Clarify the correct number for the maxNumOfUE-RxTEG parameter, i.e. [8] or [32] should be used


Conclusions
In this contribution, we provided our view on the issues raised by the RAN WG2 for the TX timing error correction information in case of the UE-based positioning, clarification on the antenna orientation information for the Positioning Reference Unit (PRU), and the issue of duplicated parameters for the multiple UE and TRP RX TEGs measurements. In summary we have the following list of the proposals:

Proposal #1: 
For UE-based DL-TDOA positioning, support one of the following options for assistance information reporting from the LMF to the target UE to facilitate TRP TX timing errors mitigation:
Option 1: 
Support the LMF providing the DL RSTD measurement and the associated TX TEGs obtained with the Positioning Reference Unit (PRU) to the target UE
Support the LMF providing the PRU coordinates to the target UE
Option 2: 
Support the LMF providing the TRP TX timing errors difference (between the target and reference TRP) and the associated TX TEGs to the target UE

Proposal #2: 
Support PRU antenna orientation information reporting in GCS from PRU to the LMF reusing the LCS-GCS-Translation-Parameter-r16 defined in Rel.16 
where the PRU antenna array boresight direction in LCS is aligned with the x axis, and
y and z axes in LCS are aligned with the row and column dimensions of the antenna array, respectively 

Proposal #3: 
Introduce the following UE capability/feature groups for PRU support:
FG x1: Support of the PRU functionality
UE may be requested by the LMF to provide its own known location coordinate information to the LMF to facilitate mitigation of UE/gNB TX/RX timing delay mitigation
FG x2: Support of the PRU with antenna orientation information reporting
UE may be requested by the LMF to provide antenna orientation information
FG x1 is a pre-requisite of the FG x2

Proposal #4: 
Prepare reply to LS for RAN WG2 on the duplicated parameters issue (R1-2200878) clarifying the following:
The parameters MeasPRSwithDiffRxTEGs_Request_RSTD and numOfUERxTEG-PerPRSResource do not duplicate each other, and both need to be captured in the higher layer parameter list
The parameter MeasPRSwithDiffRxTEGs_Request_RSTD defines the total maximum number of different UE RxTEGs that can be measured for the same DL PRS 
The parameter numOfUERxTEG-PerPRSResource defines the maximum number of different UE RxTEGs that can be measured simultaneously in time for the same DL PRS resource
Enhance the description of the corresponding parameters in the higher layer parameters list in R1-2112976 clarifying the difference

Proposal #5:
Discuss in RAN WG1 the following modifications for the parameters MeasPosSRSwithDiffRxTEGs_Request and numOfTRPRxTEG-PerPRSResource_RTOA:
Rename the parameter “MeasPosSRSwithDiffRxTEGs_Request” to “MeasPosSRSwithDiffRxTEGs_Request_RTOA”
Clarify that this parameter defines the total maximum number of different TRP RxTEGs that can be measured for the same UL SRS 
Rename the parameter “numOfTRPRxTEG-PerPRSResource_RTOA” to “numOfTRPRxTEG-PerSRSResource”
 Clarify that this parameter defines the maximum number of different TRP RxTEGs that can be measured simultaneously in time for the same UL SRS resource
Enhance the description of the corresponding parameters in the higher layer parameters list in R1-2112976 clarifying the difference
Send the reply to LS for RAN WG2 on the duplicated parameters issue (R1-2200878) clarifying the changes above

Proposal #6: 
Clarify the correct number for the maxNumOfUE-RxTEG parameter, i.e. [8] or [32] should be used
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LCS-GCs-Translation-Parameter-rlé = SEQUENCE {
alpha-rl6 INTEGER (0..359),
alpha-fine-rlé INTEGER (0..9) OPTIONAL, -- Cond AzElFine
beta-rl6 INTEGER (0..359),
beta-fine-rlé INTEGER OPTIONAL, -- Cond AzElFine

gamma-rlé INTEGER
gamma-fine-rlé INTEGER (0..9) OPTIONAL, -- Cond AzElFine





