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[bookmark: _Ref4510574]Introduction
In 3GPP RAN#90-e, a work item for Rel-17 NR positioning enhancements was approved and was updated in RAN#91-e [1]. One of the objectives of Rel-17 positioning WI, is to specify solutions to enhance positioning accuracy, as it can be found below [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
· 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
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.

In this contribution, we present our views on potential techniques and required signalling to enhance NR positioning accuracy under timing errors at UE and/or TRP(s), and also group delays at UE (and gNB) reception/transmission.


Accuracy Enhancements for Timing-Based Positioning Techniques

[bookmark: _Toc69027116][bookmark: _Toc62397279]TEG reporting for different positioning techniques
TRP Tx timing errors and/or UE Rx timing errors for DL TDOA
[bookmark: _Toc62397276][bookmark: _Toc69027114]For mitigating TRP Tx timing errors and/or UE Rx timing errors for DL TDOA, it was agreed in RAN1#104be that
· 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 

In RAN1#105e, RAN1 further discussed how the association information is provided. More precisely, it was discussed how the Rx TEGs associated with target and/or reference PRSs are indicated to the LMF, although no further agreements was made. The discussion was further continued in RAN1#106e, where it was agreed that [4]:

Agreement:
· Subject to UE capability, support a UE to include one UE Rx TEG ID for the RSTD reference time and one UE Rx TEG ID for each DL RSTD measurement (including each additional DL RSTD measurement), in a DL TDOA measurement report. These UE Rx TEG IDs can be the same or different. 
· Note: RSTD reference time is related to the DL_PRS_Reference_Info IE

In our understanding of the above agreement, for each RSTD measurement two UE Rx TEG IDs are included, one for the reference PRS reception (with reference time indicated by DL_PRS_Reference_Info IE), and another one for target PRS reception. Now for the case that UE is indicated to measure, subject to UE capability, the same PRS from a TRP with N different Rx TEGs, the following agreement is made with couple of aspects left as FFS.

Agreement:
· Subject to UE capability, support the LMF to request a UE to optionally measure the same DL PRS resource of a TRP with N different UE Rx TEGs and report the corresponding multiple RSTD measurements.
· FFS: N=[2, 3, 4] or other values, where the maximum value of N depends on UE capability.
· FFS: whether the TRP can be either a “RSTD” reference TRP or a neighbor TRP
· FFS: details of the signalling, procedures, and UE capability
· FFS: The multiple RSTD measurements can share the same time stamp
· Note: All RSTD measurements are relative to a single reference timing
· Support the LMF to request a TRP to optionally measure the same SRS resource of a UE with M different TRP Rx TEGs and report the corresponding multiple RTOA measurements.
· FFS: M = [2, 3, 4] or other values
· FFS: details of the signalling, procedures
· FFS: The multiple RTOA measurements can share the same time stamp

In our view, multiple RSTD measurements over the same PRS but with different UE Rx TEGs is used to reveal to the LMF the delta between different Rx TEGs at the UE. Such information becomes available at LMF, if in different RSTD measurements only one Rx TEG is changed. For example, multiple RSTD measurements associated to the target TRP are achieved from different Rx TEGs, while the same (a single) Rx TEG is applied to receiving the reference PRS/TRP. In addition, different PRS transmissions from target TRP (and reference TRP) over different time stamps, if applicable, shall be transmitted by the same TRP Tx TEG. Based on what we discussed, the following is proposed:  

Proposal 1: Subject to UE capability, support the LMF to request a UE to optionally measure the same DL PRS resource of a target TRP with N different UE Rx TEGs, while Rx TEG for reference TRP is fixed, and report the corresponding multiple RSTD measurements.

Proposal 2: For mitigating UE Rx timing errors, support LMF to request a TRP transmitting a PRS with the same Tx TEG on different occasions.


Association information of positioning SRS and UE Tx TEG
For mitigating UE Tx timing errors for UL TDOA, subject to UE’s capability, an agreement was made in RAN1#105-e [2]:

Agreement:
· For mitigating UE Tx timing errors for UL TDOA, support one of the following options:
· Option 1: 
· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs directly to the LMF if the UE has multiple Tx TEGs. 
· FFS: Support LMF to forward the association information provided by the UE to the serving and neighboring gNBs
· Option 2: 
· Subject to UE’s capability, support a UE providing the association information of UL SRS resources for positioning with Tx TEGs to the serving gNB if the UE has multiple Tx TEGs. 
· Support the serving gNB to forward the association information provided by the UE to the LMF
· FFS: Support LMF to forward the association information from the serving gNB for the UE to the neighboring gNBs
· FFS: UE should be able to report capability information related to Tx TEGs to LMF via LPP signaling
· Support gNB to report the associated SRS resource ID/resource set ID of the RTOA measurement to LMF

The matter was further discussed in RAN1#106-e, where different pros and cons was proposed for each of the two options by opponents and proponents. For example, it was discussed that Option 2 may potentially provide shorter latency at the cost of less flexibility at the UE, given that in Option 2 the association between positioning SRS and Tx TEG is tied even before SRS transmission; while under Option1, UE has more flexibility to apply any available Tx TEG to a positioning SRS before SRS transmission. Since RAN1 could not eventually reach a consensus, one option was to send an LS to RAN2 and ask RAN2’s preference on the available options, although the concerns came what if RAN1 and RAN2 have different views/preferences on the final solution. In our view, RAN1 can make the decision and next an LS can be sent to RAN2/3, if they have any concerns. Also, we think between the two options, Option 1 provides better flexibility at the UE side. Thus, based on what was discussed, we have the following proposal:
  
Proposal 3: For mitigating UE Tx timing errors for UL TDOA, subject to UE’s capability, support a UE providing the association information of UL positioning SRS resources with Tx TEGs directly to the LMF if the UE has multiple Tx TEGs. 


Updating of Rx/Tx/RxTx TEGs
As it was brough by couple of companies, UE’ Rx/Tx/RxTx TEGs may not be fixed over time but instead varies as time changes for various reasons. The issue was discussed in RAN1#106-e where out of such discussions, the following proposal was captured in the feature lead’s summary:
· Consider supporting one or both of the following options (to be decided in RAN1#106b):
· Option 1: the LMF to request a UE/TRP to provide the periodic reporting of the association information between UE/TRP Tx TEG IDs and positioning SRS/PRS resources, based on a configured periodicity;
· FFS: the values of the configurable periodicities
· Option 2: the LMF to request a UE/TRP to provide the report of the association information between UE/TRP Tx TEG IDs and positioning SRS/PRS resources whenever the UE/TRP determines the previous association information is no longer valid
· Note: It is up to the UE/TRP to determine when and whether the previous association information is no longer valid
· FFS: The details of change of association information between Tx TEG IDs and SRS/PRS resources.

In our view, while Option 1 seems to need less specification effort, it is probably less efficient than Option 2 too. The reason is in Option 1, a UE/TRP will provide, subject to capability, the association of Tx TEG IDs with the PosSRS/PRS resources even if there is no need for such a report (e.g., there is no update to previous association report). On the other hand, in our understanding, in Option 2 LMF may request UE/TRP to provide the report of the association information between UE/TRP Tx TEG IDs and positioning SRS/PRS resources, whenever the previous report of association is no longer valid. When UE/TRP receives the LMF request, it may provide the association report, subject to capability, regardless of whether or not the association of TEG ID and positioning resource is updated from the previous report. 

Proposal 4: Support the LMF to request a UE/TRP to provide, subject to capability, the report of the association information between UE/TRP Tx (or Rx) TEG IDs and positioning SRS/PRS resources whenever LMF determines the previous association information is no longer valid.
   

Conclusions
In this contribution, we provided our thoughts on potential techniques to enhance the positioning accuracy for the NR timing-based positioning techniques. Based on views shared in this paper, we make the following proposals:

Proposal 1: Subject to UE capability, support the LMF to request a UE to optionally measure the same DL PRS resource of a target TRP with N different UE Rx TEGs, while Rx TEG for reference TRP is fixed, and report the corresponding multiple RSTD measurements.

Proposal 2: For mitigating UE Rx timing errors, support LMF to request a TRP transmitting a PRS with the same Tx TEG on different occasions.
  
Proposal 3: For mitigating UE Tx timing errors for UL TDOA, subject to UE’s capability, support a UE providing the association information of UL positioning SRS resources with Tx TEGs directly to the LMF if the UE has multiple Tx TEGs. 

Proposal 4: Support the LMF to request a UE/TRP to provide, subject to capability, the report of the association information between UE/TRP Tx (or Rx) TEG IDs and positioning SRS/PRS resources whenever LMF determines the previous association information is no longer valid.
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