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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: _Hlk53665621]RAN1 introduced UE Tx TEG reporting to enhance the positioning accuracy by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays. In RAN1#107e, RAN1 made some agreements regarding the UE Tx TEG reporting and send LS [1] to RAN2 to ask RAN2 to consider the agreements in ongoing work and implement relevant signaling support.
In this contribution, we further discuss the UE Tx TEG reporting from RAN2 perspective.
2. Discussion
For UL-TDOA and Multi-RTT positioning methods, positioning accuracy can be affected by UE Tx timing error. For example, when the LMF is calculating the difference of the RTOA measured by different TRPs for a UE and the UE Tx TEG associated with the RTOA is different, an extra ‘UE Tx timing error difference’ will be generated in the ‘RTOA difference results’, so that positioning accuracy is impacted. In general, the UE can provide the association information of SRS resources with UE Tx TEG(s) to LMF, which helps the LMF further exclude some of the measurement results from gNB containing additional ‘Tx timing error difference’ for higher accuracy.
The following agreement was made regarding the UE Tx TEG reporting as an outcome of the discussion of “Accuracy improvements by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays for NR positioning enhancements” at RAN1#107e.
	Agreement:

Confirm and modify the working assumption with the following modifications:
· For mitigating UE Tx timing errors for UL TDOA, subject to UE’s capability, support the serving gNB to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE supports multiple UE Tx TEGs for UL TDOA.
· The serving gNB should forward the association information provided by the UE to the LMF.
· FFS: whether to support the serving gNB to forward the association information to the neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for UL TDOA to serving gNB.
· For mitigating UE Tx timing errors for Multi-RTT, subject to UE’s capability, support the LMF to request a UE to provide the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE supports multiple Tx TEGs for Multi-RTT.
· FFS: whether to support the LMF to forward the association information to the serving and neighboring gNBs
· UE should report its capability of supporting multiple UE Tx TEGs for Multi-RTT directly to the LMF.
· Note: For mitigating UE Tx timing errors when both UL-TDOA and Multi-RTT, or UL-TDOA and DL-TDOA are used, the UE should provide the association information of UL SRS resources for positioning with Tx TEGs, subject to UE capability (in the bullets above):  
· to the serving gNB if a request to provide the association information is received from the gNB 
· to the LMF if a request to provide the association information is received from the LMF. 
· FFS: Mitigation of UE Tx timing errors when Multi-RTT, UL-TDOA and/or DL-TDOA are used.



With the consideration of the signaling efficiency related to the above agreement and possible changes of UE Tx TEG associations in different transmission time occasions of the SRS resources for positioning, the following agreement was also made at RAN1#107e.
	
Agreement
· For UL-TDOA, supporting the following for the serving gNB to request a UE to report the Tx TEG association information between UE Tx TEG IDs and SRS resources for positioning, subject to UE capability of supporting UE Tx TEG:
· Based on a configured periodicity, a UE may report the UE Tx TEG association for the SRS resources for positioning that have already been transmitted during the configured period 
· It is up to RAN2 to decide how to indicate the change of the Tx TEG association during the configured period (e.g., using the timestamps)
· It is up to RAN4 to decide when the Tx TEG association is changed
· The values of the configurable periodicities are up to RAN2
· Note: Tx TEG association information reporting by single request/response mode is assumed already supported with the previous agreement. 
· Send an LS to RAN2/RAN4 (cc: RAN3)
· to RAN2, including the following RAN1’s agreement related to the reporting of the UE Tx TEG, for RAN2 to work on the signaling
· to RAN4 for checking the agreement and work on how to decide when the Tx TEG association is changed



Based on the LS, we suppose that the procedure of TEG information exchange for UL-TDOA is as below:


Figure 1 TEG information exchange for UL-TDOA
1. The UE reports its capability of supporting multiple UE Tx TEGs for UL TDOA to the serving gNB.
2. The LMF sends an NRPPa POSITIONING INFORMATION REQUEST message to the serving gNB to request UL-SRS configuration information for the target UE.
3. The serving gNB determines the resources available for UL-SRS.
4a. The serving gNB configures the target UE with the UL-SRS resource and requests the UE to provide the association information of UL SRS resources for positioning with Tx TEGs.
4b. The target UE provide the association information of UL SRS resources for positioning with Tx TEGs.
5. The serving gNB provides the UL information to the LMF in an NRPPa POSITIONING INFORMATION RESPONSE message, including the associated information provided by the UE.
Based on the procedure, we propose:
Proposal 1: For mitigating UE Tx timing errors for UL TDOA, the spec impact include: 
· The gNB can enquire UE’s capability of supporting multiple UE Tx TEGs for UL TDOA by RRC message UECapabilityEnquiry.
· The UE can report its capability of supporting multiple UE Tx TEGs for UL TDOA to the gNB by RRC message UECapabilityInformation.
· The gNB can request the UE to provide the association information of UL SRS resources for positioning with Tx TEGs by RRC message RRCReconfiguration.
· The UE can provide the association information of UL SRS resources for positioning with Tx TEGs to gNB by RRC message UEAssistanceInformation or a new RRC message.
· The gNB forwards the association information provided by the UE to the LMF by NRPPa message POSITIONING INFORMATION RESPONSE.
When the UE transmits the SRS resources, as the UE flips or is blocked, it is up to UE implementation to switch the Tx panel for better uplink transmission. Thus, for the same SRS resources for positioning, the associated Tx panel and Tx TEG will also change accordingly. To obtain the accurate TEG information, the gNB can request the UE to report the Tx TEG association information between UE Tx TEG IDs and SRS resources periodically in step 4a.
In the LS from RAN1, RAN2 shall decide how to indicate the change of the Tx TEG association during the configured period. The following Figure 2 shows a simple example. It is observed that in SRS instance 1, 2 SRS resources associated with the same Tx TEG, namely, {SRS resource 0→Tx TEG0; SRS resource 1→Tx TEG0}; however, in SRS instance 2, due to the UE flips, the Tx TEG association information is changed, namely, {SRS resource 0→Tx TEG0; SRS resource 1→Tx TEG1}. After that, the Tx TEG association does not change till SRS instance 5.


Figure 2 UE Tx TEG(s) change associated with SRS resource(s)
Assuming the UE reports the Tx TEG association information between UE Tx TEG IDs and SRS resources periodically as Figure 3.


Figure 3 periodical Tx TEG change report
Report 1 shall include the initial Tx TEG association information at the beginning, the changed Tx TEG association information and the corresponding timestamp.
For report 2, as the Tx TEG association information does not change, the UE only needs to include an indication to indicate that the Tx TEG association information does not change.
	TxTEGAssociationInformation ::=                         SEQUENCE {
    srs-ResourceId                          SRS-ResourceId,
    initialTEG                              INTEGER (1.. maxNrofTEG),       OPTIONAL,
    associationInformationChange                    CHOICE {
        noChange                        ENUMERATED { true }              OPTIONAL,
        tegChangeList                   SEQUENCE (SIZE (1..maxNrofChange)) OF TEGChange                   OPTIONAL,    
}
TEGChange ::=                                          SEQUENCE {
    changedTEG                             INTEGER (1.. maxNrofTEG),
    timeStamp                              INTEGER (0..maxPeriod),
}



Proposal 2: the gNB can request the UE to report the Tx TEG association information between UE Tx TEG IDs and SRS resources periodically.
· If the Tx TEG association information does not change, an indication is included in the report to indicate that the Tx TEG association information does not change.
· Otherwise, include the changed Tx TEG association information and the corresponding timestamp in the report.
Based on the LS, we suppose that the procedure of TEG information exchange for multi-RTT is as below:


Figure 4 TEG information exchange for Multi-RTT
Based on the procedure, we propose:
Proposal 3: For mitigating UE Tx timing errors for Multi-RTT, the spec impact include:
· The LMF can enquire UE’s capability of supporting multiple UE Tx TEGs for Multi-RTT to the gNB by LPP message RequestCapabilities.
· The UE can report its capability of supporting multiple UE Tx TEGs for Multi-RTT to the LMF by RRC message ProvideCapabilities.
· The LMF can request the UE to provide the association information of UL SRS resources for positioning with Tx TEGs by LPP message RequestLocationInformation.
· The UE can provide the association information of UL SRS resources for positioning with Tx TEGs to LMF by LPP message ProvideLocationInformation.
3. Conclusion
Proposal 1: For mitigating UE Tx timing errors for UL TDOA, the spec impact include: 
· The gNB can enquire UE’s capability of supporting multiple UE Tx TEGs for UL TDOA by RRC message UECapabilityEnquiry.
· The UE can report its capability of supporting multiple UE Tx TEGs for UL TDOA to the gNB by RRC message UECapabilityInformation.
· The gNB can request the UE to provide the association information of UL SRS resources for positioning with Tx TEGs by RRC message RRCReconfiguration.
· The UE can provide the association information of UL SRS resources for positioning with Tx TEGs to gNB by RRC message UEAssistanceInformation or a new RRC message.
· The gNB forwards the association information provided by the UE to the LMF by NRPPa message POSITIONING INFORMATION RESPONSE.
Proposal 2: the gNB can request the UE to report the Tx TEG association information between UE Tx TEG IDs and SRS resources periodically.
· If the Tx TEG association information does not change, an indication is included in the report to indicate that the Tx TEG association information does not change.
· Otherwise, include the changed Tx TEG association information and the corresponding timestamp in the report.
Proposal 3: For mitigating UE Tx timing errors for Multi-RTT, the spec impact include:
· The LMF can enquire UE’s capability of supporting multiple UE Tx TEGs for Multi-RTT to the gNB by LPP message RequestCapabilities.
· The UE can report its capability of supporting multiple UE Tx TEGs for Multi-RTT to the LMF by RRC message ProvideCapabilities.
· The LMF can request the UE to provide the association information of UL SRS resources for positioning with Tx TEGs by LPP message RequestLocationInformation.
· The UE can provide the association information of UL SRS resources for positioning with Tx TEGs to LMF by LPP message ProvideLocationInformation.
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[1]. R1-2112968	LS on the reporting of the Tx TEG association information
Microsoft_Visio_Drawing.vsdx
UE
gNB/TRP
gNB/TRP
gNB/TRP
gNB/TRP
LMF
1. Radio Capability Transfer
( multiple UE Tx TEGs )
Serving
Neighbour
2. NRPPa POSITIONING INFORMATION REQUEST
3. gNB determines UL SRS Resources
5. NRPPa POSITIONING INFORMATION RESPONSE
(provide TEG info)
4a. RRCConfiguration
(SRS configuration,
request TEG info)
4b. UE assistanceinformation
(provide TEG info)



image2.emf
SRS instance 1 SRS instance 2

Tx TEG change

(Tx panel switch)

UE

SRS resource0: 

{Tx TEG0,panel0} 

SRS resource1:

{Tx TEG0,panel0}

TRP1

TRP2

UE

TRP1

TRP2

SRS resource0: 

{Tx TEG0,panel0} 

SRS resource1:

{Tx TEG1,panel1}

SRS instance 5

No Tx TEG change

ĂĂ


Microsoft_Visio_Drawing1.vsdx
SRS instance 1
SRS instance 2
Tx TEG change
(Tx panel switch)
UE
SRS resource0: 
{Tx TEG0,panel0}
SRS resource1:
{Tx TEG0,panel0}
TRP1
TRP2
UE
TRP1
TRP2
SRS resource0: 
{Tx TEG0,panel0}
SRS resource1:
{Tx TEG1,panel1}
SRS instance 5
No Tx TEG change
……



image3.emf
SRS instance 2 SRS instance 3 SRS instance 4

Tx TEG information 

report 1

SRS instance 1 SRS instance 5

Tx TEG information 

report 2

Change occur

Time stamp 1


Microsoft_Visio_Drawing2.vsdx
SRS instance 2
SRS instance 3
SRS instance 4
Tx TEG information report 1
SRS instance 1
SRS instance 5
Tx TEG information report 2
Change occur
Time stamp 1



image4.emf
UE

gNB/TRP

gNB/

TRP

gNB/

TRP

gNB/

TRP

LMF

9b. UL SRS Measurements

1. LPP Capability Transfer 

(multiple UE Tx TEGs For Multi-RTT)

Serving Neighbour

2. NRPPa POSITIONING INFORMATION REQUEST

3. gNB determines 

UL SRS Resources

4. NRPPa POSITIONING INFORMATION RESPONSE

6. NRPPa  MEASUREMENT REQUEST

11. NRPPa MEASUREMENT RESPONSE

8. LPP Request Location Information

(request TEG info)

10. LPP Provide Location Information

(provide TEG info)

7. LPP Provide Assistance Data

9a. DL-PRS 

Measurements

3a. UE SRS 

Configuration 

5b.  Activate UE SRS 

transmission

5a.  NRPPa POSITIONING ACTIVATION REQUEST

5c.  NRPPa POSITIONING ACTIVATION RESPONSE

12.  NRPPa POSITIONING DEACTIVATION


Microsoft_Visio_2003-2010_Drawing.vsd
UE


gNB/TRP


gNB/TRP


gNB/TRP


gNB/TRP


LMF


11. NRPPa MEASUREMENT RESPONSE


9a. DL-PRS Measurements


9b. UL SRS Measurements


1. LPP Capability Transfer 
(multiple UE Tx TEGs For Multi-RTT)


Serving


Neighbour


2. NRPPa POSITIONING INFORMATION REQUEST


3. gNB determines UL SRS Resources


4. NRPPa POSITIONING INFORMATION RESPONSE


6. NRPPa  MEASUREMENT REQUEST


8. LPP Request Location Information
(request TEG info)


10. LPP Provide Location Information
(provide TEG info)


7. LPP Provide Assistance Data


3a. UE SRS Configuration 


5b.  Activate UE SRS transmission


5a.  NRPPa POSITIONING ACTIVATION REQUEST



image1.emf
UE

gNB/TRP

gNB/

TRP

gNB/

TRP

gNB/

TRP

LMF

1. Radio Capability Transfer

( multiple UE Tx TEGs ) 

Serving Neighbour

2. NRPPa POSITIONING INFORMATION REQUEST

3. gNB determines 

UL SRS Resources

5. NRPPa POSITIONING INFORMATION RESPONSE

(provide TEG info)

4a. RRCConfiguration

(SRS configuration,

request TEG info)

4b. UE assistanceinformation

(provide TEG info)


