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1 Introduction
At RAN plenary #91, the following revised WID was agreed [2], with new objectives based on mainly the conclusion of the RAN2 part of the positioning study item [1]. 

	
· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1, RAN2, RAN3, RAN4]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions

· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.

· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]

· [bookmark: _Hlk67643273]Specify methods, measurements, signalling and procedures to support positioning for UEs in RRC_ INACTIVE state, for UE-based and UE-assisted positioning solutions, including [RAN2, RAN1, RAN3,RAN4]:
· DL NR positioning methods and RAT-independent positioning methods 
· Support of UE positioning measurements for UEs in RRC_INACTIVE state
· Reporting of positioning measurement or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state
Note: this work will be coordinated with the SDT WI. 
· As 2nd priority:
· UL and DL+UL NR positioning methods
· Support of gNB positioning measurements for UEs in RRC_INACTIVE state
· Specify on-demand transmission and reception of DL PRS for DL and DL+UL positioning for UE-based and UE-assisted positioning solutions, including: [RAN2, RAN1, RAN3]
· UE-initiated request of on-demand DL PRS transmission; 
· LMF (network)-initiated request of on-demand DL PRS transmission; 

· Specify the signalling, and procedures to support GNSS positioning integrity determination, including [RAN2, RAN3]:
· The assistance information that will be used to support integrity determination
· The information that will be used to provide the positioning integrity KPIs and integrity results
· Support of integrity for UE-based and UE-assisted A-GNSS positioning.
[bookmark: _Hlk67595233]Note: This objective is applicable to NR and E-UTRA.

· Support the following enhancements of A-GNSS positioning  [RAN2, RAN3, RAN4]
· Specify support for BDS B2a signal
· Specify support for BDS B3I signal
· Specify support for NavIC to NR
Note: This objective is applicable to NR and E-UTRA.

· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]

· Discuss and specify new as well as the impact on the existing RAN4 requirements for positioning and other RRM measurements and corresponding procedures [RAN4]

· Define extensions of signalling, protocol and procedure for NR positioning enhancement, as needed [RAN3] 






At RAN2#116e meeting [3], the following agreements were made related to PRU:
 

Agreement:
Proposal 5:	Regarding the handling of the PRU topic, agree the following way forward:
(1) Send an LS to SA2 asking SA2 whether the MT-LR or MO-LR location procedures as currently specified in TS 23.273 can be used to enable an LMF obtaining location measurements from PRUs (via LPP) and to trigger SRS transmission of PRUs (via NRPPa), or whether an LMF needs to be enabled to instigate location procedures for a PRU (e.g., LPP, NRPPa procedures) without receiving a location request for the PRU from an AMF (i.e., in the absence of an MT-LR or MO-LR for the PRU), and if so, whether support can be provided as part of Release 17.
(2) Send an LS to RAN1 asking 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, ask RAN1 to provide further details on the specific "correction information" which need to be provided to target UEs. In addition, ask RAN1 to provide further details on the "PRU antenna orientation information" which should be provided to an LMF.
LS to be progressed by email (extension of [AT116-e][615], to approve by email by EOM).


Agreements:
Proposal 3:	RAN2 confirm that the PRU considered as a UE supports the normal LPP procedures for PRU capability transfer.
Proposal 1 (modified):	RAN2 confirms that a PRU can support at least the following functionality (as described in the RAN1 LS), dependent on PRU capability:
- Provide the positioning measurements (e.g., RSTD, RSRP, Rx-Tx time differences) to an LMF.
- Transmit the UL SRS signals for positioning.
- FFS known location information and antenna orientation information

The following LS was approved [6]:
R2-2111488	Response LS on Positioning Reference Units (PRUs) for enhancing positioning performance 	Qualcomm Incorporated, CATT	LS out	To:SA2, RAN1	Cc:RAN3
· Approved (conclusion of email discussion [AT116-e][615])


At RAN1#107e [5] meeting the following agreements were made:

	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.





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
Further it was agreed to send LS [R1-2112968], to RAN2#107bis meeting including the agreements above.

At RAN2#116bis-e meeting [8], the following agreements were made related to accuracy enhancements:


Agreement:
RAN2 will not discuss PRUs further without further guidance from RAN1 (LS or feature list).


Agreements:
Proposal 2.1-1: enhance LPP assistance data signalling to allow UE to request and LMF to provide TRP beam/antenna information.
Proposal 2.1-2: enhance LPP assistance data signalling to allow LMF to provide the association information of DL PRS resources with TRP Tx TEG ID.
Proposal 2.1-6: enhance LPP assistance data signalling to allow UE to request and LMF to provide the expected angle value and uncertainty.
Proposal 2.2-1: introduce in LPP RequestLocationInformation: request for UE Rx TEG ID, maximum number of Rx TEGs for the same PRS resource, request for UE Tx TEG ID, maximum number of RxTx TEGs for the same PRS resource, request for UE RxTx TEGD ID.
Proposal 2.2-2: introduce in LPP ProvideLocationInformation: UE Rx TEG IDs, UE Tx TEG IDs, and UE RxTx TEG IDs.
Proposal 2.2-3: introduce in LPP ProvideLocationInformation: multiple UE Rx-Tx time difference measurements (for N different UE Rx TEGs), and multiple UE Rx-Tx time difference measurements (for N different UE RxTx TEGs with the same UE Tx TEG).
Proposal 2.2-5: introduce support for an LMF to request and UE to report first path PRS RSRP for DL-AoD.
Proposal 2.2-6: introduce support for extended additional paths beyond 2.
Proposal 2.2-7: introduce support a LoS/NLoS indication per RSTD, RSRP and UE RxTx measurements.


Agreements:
Proposal 2.1-3: to include the association information of DL PRS resources with TRP Tx TEG ID in posSIB.
Proposal 2.1-4: include in the LPP assistance data the information about subset of PRS resources for the purpose of prioritization of DL-AOD reporting.
Proposal 2.1-5: include in the LPP assistance data the the boresight direction information.
For UL-TDOA, RRC signalling is used to convey the information about signalling for association of UL SRS resources with UE Tx TEGs ID to the gNB.  For multi-RTT, LPP is used.  FFS which RRC message(s) are used.




In this contribution, we discuss the remaining issues on mitigating the timing error in UE Rx/Tx and gNB Rx/Tx to improve positioning accuracy. 

2 Discussions on Timing Error aspects related to TEG

NR positioning supports various positioning methods, including DL-TDOA, UL-TDOA, and Multi-RTT. These positioning techniques rely on timing measurement. The timing measurement reflects the distance between UE and TRP (or gNB). In practice, there can be timing error in the transmitter and/or receiver side. Consequently, the timing error affects the estimates UE position

The timing error can be measured at Tx and Rx side by both UE and gNB, and hence the timing error can be compensated for. 

Though in order to be able to compensate when doing the location estimation calculation at e.g. the LMF, to timing error needs to be reported. For this the concept of TEG had been defined.


2.1 TEG association updates
At RAN1#107 meeting, TEG was discussed, and agreements mentioned above were made. Some left over issues, such as how to handle the change of TEG association, could be further discuss and decide by RAN2. 

From RAN1 points of view, TEG change over time is a common phenomenon. In most of the RF devices, the timing error or TEG may not be constant over time depending on various factors, such as temperature change or antenna panel switching. Timing error measurement at two different time instants may not be the same due to internal clock drift, temperature change, and/or switching RF chain/antenna panels. The reported TEG information that would be utilized by LMF should be up to date. Otherwise, LMF could utilize inaccurate TEG information (e.g., past TEG information). 

Observation 1: Changes of TEG indicated by RAN1 is essential and should be addressed by RAN2.

To make sure LMF has obtained the up-to-date timing error information, LMF can request TEG measurement or compensation more frequently or more dynamically. The UE could be configured to transmit TEG association information after one configuration period or after each resource set, depending on how frequent the timing error grouping change. If the timing error remains constant during one configuration period, UE can report TEG association information only once after the configuration period. If timing error change happens during the configuration period, TEG association accordingly should be updated more promptly, such as carrying out TEG report after every resource set. 

Apart from that, we also consider event-triggered TEG reporting can also be adapted. UE itself may be aware of the change of the timing error grouping by sensing various event that would change the TEG, e.g., panel switching, rapid temperature change. In such cases, TEG association report can be requested by UE whenever UE detects TEG change.

Observation 2: The UE has the capability to report changes of TEG association in a timely manner. 

In summary, in case there is a change for TEG association, the UE should be able to report the updated TEG association in a suitable and timely manner. It could be a periodic reporting, based on request, or it could be event based, a-period reporting. The usage of a-period reporting has been mentioned in [9] and would be good to further discuss.
 
Proposal 1: Periodic TEG association report and aperiodic TEG association report can be both supported. LMF can configure the UE on the selected reporting type.


Further it may be beneficial to discuss and clarify the meaning of TEG. 

In RAN1 the following definitions have been made [7]:

Tx timing error can be seen from a signal transmission perspective, there will be a time delay from the time when the digital signal is generated at baseband to the time when the RF signal is transmitted from the Tx antenna.
Rx timing error can be seen from a signal reception perspective, there will be a time delay from the time when the RF signal arrives at the Rx antenna to the time when the signal is digitized and time-stamped at the baseband.
UE Tx ‘timing error group’ (UE Tx TEG): A UE Tx TEG is associated with the transmissions of one or more UL SRS resources for the positioning purpose, which have the Tx timing errors within a certain margin.

TRP Tx ‘timing error group’ (TRP Tx TEG): A TRP Tx TEG is associated with the transmissions of one or more DL PRS resources, which have the Tx timing errors within a certain margin.

UE Rx ‘timing error group’ (UE Rx TEG): A UE Rx TEG is associated with one or more DL measurements, which have the Rx timing errors within a certain margin.

TRP Rx ‘timing error group’ (TRP Rx TEG): A TRP Rx TEG is associated with one or more UL measurements, which have the Rx timing errors within a margin.

UE RxTx ‘timing error group’ (UE RxTx TEG): A UE RxTx TEG is associated with one or more UE Rx-Tx time difference measurements, and one or more UL SRS resources for the positioning purpose, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.

TRP RxTx ‘timing error group’ (TRP RxTx TEG): A TRP RxTx TEG is associated with one or more gNB Rx-Tx time difference measurements and one or more DL PRS resources, which have the ‘Rx timing errors+Tx timing errors’ within a certain margin.

But what is the meaning of “margin”. Timing errors would have a certain absolute value, but in order to do the grouping, the values that are within a certain tolerance or margin would then belong to the same TEG. 

Further it may not be clear if the TEG association is related to the “time difference measurement” or it is actually the “timing error” that is related to the TEG association.

Proposal 2:  Clarify the meaning of “margin” and “TEG association” would be beneficial but is potentially more relevant to be investigated by RAN4.


3 Summary
In this contribution, we have discussed our view on potential positioning enhancements in NR. Our observation and proposals are listed below:

Observation 1: Changes of TEG indicated by RAN1 is essential and should be addressed by RAN2.

Observation 2: The UE has the capability to report changes of TEG association in a timely manner.

Proposal 1: Periodic TEG association report and Aperiodic TEG association report can be both supported. LMF can configure the UE on the selected reporting type.

Proposal 2: Clarify the meaning of “margin” and “TEG association” would be beneficial but is potentially more relevant to be investigated by RAN4.
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