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[bookmark: _Ref40390915][bookmark: _Ref189046994]Introduction
[bookmark: _Ref7792543][bookmark: _Ref7598514]In this contribution, we discuss the remaining issues to be addressed for accuracy improvements for NR positioning enhancements. 
Remaining issues on techniques for mitigating Rx/Tx timing delays
[bookmark: _Ref71534817]2.1	Transmission of one UL SRS from different UE TX TEGs towards the same TRP
Providing the TX TEG association information of UL SRS transmissions to the LMF gives a remarkable improvement in positioning accuracy in the InF-SH scenario but still fails to fully mitigate the UE TX timing errors and to fulfill Rel. 17 positioning accuracy requirements as can be seen in Figure 1. The reason for this failure is that one TRP per UE antenna panel (i.e., UE Tx TEG) is wasted since it’s used as a reference. Thus, as many measurements are lost as there are antenna panels (i.e,. UE Tx TEGs).
[image: ]
[bookmark: _Ref71286743]Figure 1 Utilization of UE antenna panel (or UE TX TEG) info is seen to give a very big improvement but still fails to fully mitigate the UE TX timing errors and to fulfill Rel. 17 positioning accuracy requirements in the InF-SH scenario. However, the combination of two techniques, 1) utilization of UE antenna panel (or UE TX TEG) info, and 2) sequential transmission of one UL SRS from each UE antenna panel towards the same TRP, result in complete mitigation of the UE TX timing errors and fulfillment of Rel. 17 positioning accuracy requirements.
[bookmark: _Hlk71533917]The solution is to configure the UE to transmit one UL SRS from each of its different UE antenna panels (or UE TX TEGs) ‘towards’ the same TRP. If the TRP can hear the SRSs transmitted from two UE different antenna panels (or TX TEGs) and perform the UL RTOA measurement for each of them, then the UE TX timing error difference between the two antenna panels (or UE TX TEGs) can be calculated as the difference between the two UL-RTOA measurements. Note that it’s enough that one TRP can do this to estimate the timing error difference. The LMF can use the estimated timing error differences to compensate for the timing error differences in positioning the UE and thus removes the need to waste measurements from some TRPs as references. Combining this method with knowledge of the UE TX TEG association of SRS transmissions results in full mitigation of the UE TX timing errors and fulfillment of the Rel. 17 positioning accuracy requirements in the InF-SH scenario as can be seen in Figure 1.
In Rel. 16, there exist some capability to let the UE sweep an SRS over different TX beams and thus potentially also over different TEGs. This is accomplished by configuring an SRS resource set with multiple SRS resources. The SRS resources correspond to different beams and potentially different UE TX TEGs/antenna panels. 
With a minor tweak, this mechanism could be utilized to make the UE sweep over UE TX TEGs over the SRS resources in a SRS resource set.  A UE can be configured with a parameter in the SRS resource set which lets the UE know that it needs to sweep the UE TX TEGs over the SRS resources in the SRS resource set.
The UE would then transmit each SRS resource with a different TX TEG, using the best beam possible given the selected TX TEG and the spatial relation. As already agreed, the UE would also report the UE TX TEG association of each SRS resource.
In addition, separate UE capability can be introduced for the feature of UE Tx TEG sweeping over SRS resources for positioning in a SRS resource set.

1. [bookmark: _Ref86144010][bookmark: _Toc95733730][bookmark: _Toc101657805]Support UE TX TEG sweeping over SRS resources for positioning in a SRS resource set configuration.
1. [bookmark: _Toc95733731][bookmark: _Toc101657806]The UE shall be configured with a parameter in the SRS resource set that indicates to the UE that it shall sweep the UE Tx TEGs over the SRS resources in the SRS resource set.
1. [bookmark: _Toc101657807]Introduce a UE capability for the feature of UE Tx TEG sweeping over SRS resources in a SRS resource set.

Remaining issues for Latency improvements for DL and DL+UL positioning methods
In RAN1#107-e, the following agreement was made:
Agreement
The following options are supported subject to UE capability for priority handling of PRS when PRS measurement is outside MG.
· Option 1: UE may indicates support of two priority states.
· State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS
· State 2: PRS is lower priority than all PDCCH/PDSCH/CSI-RS
· Option 2: UE may indicate support of three priority states
· State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS
· State 2: PRS is lower priority than PDCCH and URLLC PDSCH and higher priority than other PDSCH/CSI-RS
· Note: The URLLC channel corresponds a dynamically scheduled PDSCH whose PUCCH resource for carrying ACK/NAK is marked as high-priority.
· State 3: PRS is lower priority than all PDCCH/PDSCH/CSI-RS
· Option 3: UE may indicate support of single priority state
· State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS
Note: SSB is a separate issue.

As agreed above, the UE behavior depends on the priority state configured by higher layer parameter [PRS-priority-indicator].  Although the following text proposal TP1 was briefly discussed in RAN1#108-e, the TP was not yet agreed.  As a result, the UE behavior for different priority states is not captured in TS 38.214.  Hence, we propose to agree the following text proposal TP1:

******************************************* Start of TP1 for TS 38.214 ****************************************
The UE is expected to measure the DL PRS outside the measurement gap, subject to UE capability, if the DL PRS is inside the active DL BWP and has the same numerology as the active DL BWP and is within the DL PRS processing window indicated by higher layer parameter [PRSProcessingWindow].
For receiving the DL PRS outside the measurement gap and within the DL PRS processing window, the UE may be if the UE determines the DL PRS priority is higher than [other DL signals or channels except SSB] as indicated by higher layer parameter [PRS-priority-indicator] or as implied by UE capability subject to UE capability
-	the DL PRS is higher priority than all the DL signal/channels except SSB, or 
-	the DL PRS is lower priority than PDCCH and the PDSCH scheduled by DCI formats 1_1 or 1_2 with the priority indicator field in the corresponding DCI format set to 1, and is higher priority than other DL signals/channels except SSB, or
-	the DL PRS is lower priority than all the DL signals/channels except SSB.
, the UE is expected to measure the DL PRS; otherwise, the UE is not expected to measure the DL PRS and expected to receive [other DL signals and channels], subject to UE capabilities.   Inside one instance of the [PRSProcessingWindow] the UE is only expected to measure a single DL PRS positioning frequency layer.
*******************************************************************************************************

1. [bookmark: _Toc101657808]Adopt text proposal TP1 for TS 38.214.

According to TS 38.214, inside on instance of PRS processing window, the UE is only expected to measure a single DL PRS processing frequency layer.  However, which DL PRS processing frequency layer a UE is expected to measure inside the PRS processing window is not specified yet.  We propose the serving gNB to indicate a new higher layer parameter in the PRS processing window configuration which DL PRS processing frequency layer that the UE needs to monitor.

1. [bookmark: _Toc101657809]Introduce a new higher layer parameter in the PRS processing window configuration which indicates the single DL PRS processing frequency layer the UE shall measure inside the configured PRS processing window.

Inside the PRS processing window, a PRS may be dropped, depending on PRS priority indicated, when it collides with DL data/control channel reception.  This is particularly true for Type 2 capability UEs.  However, when such collisions occur, the measurements on PRS are likely to be skipped by the UE.  However, LMF does not know of such collisions and have no information.  Hence, we propose for the UE to indicate to the LMF that the PRS was dropped/skipped due to collision with DL data/control channels.

1. [bookmark: _Toc101657810]When a PRS measurement is skipped due to a collision of DL PRS with DL data/control channels, the UE informs to LMF using LPP that the PRS was dropped/skipped.


Conclusion

Based on the discussion in the previous sections we propose the following:
Proposal 1	Support UE TX TEG sweeping over SRS resources for positioning in a SRS resource set configuration.
Proposal 2	The UE shall be configured with a parameter in the SRS resource set that indicates to the UE that it shall sweep the UE Tx TEGs over the SRS resources in the SRS resource set.
Proposal 3	Introduce a UE capability for the feature of UE Tx TEG sweeping over SRS resources in a SRS resource set.
Proposal 4	Adopt text proposal TP1 for TS 38.214.
Proposal 5	Introduce a new higher layer parameter in the PRS processing window configuration which indicates the single DL PRS processing frequency layer the UE shall measure inside the configured PRS processing window.
Proposal 6	When a PRS measurement is skipped due to a collision of DL PRS with DL data/control channels, the UE informs to LMF using LPP that the PRS was dropped/skipped.
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