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Introduction
[bookmark: _Hlk510705081]In Rel-16 native NR positioning support was standardized. At RAN#90 a new WI was approved and at RAN#91 that WID was updated on enhancements in Rel-17 to positioning [1]. This contribution discusses our views on the enhancements related to maintenance of accuracy enhancements. Our companion contribution discusses our other views [2]. The objectives from the WID are 
· 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]
· 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.
Discussion
TEG Related Issues  			   
At RAN1#107 the following agreement was reached: 
Agreement(RAN1#107-e) 
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.

One FFS point at the bottom of this agreement was removed but it shows that there may be issues if the UE is configured for both multi-RTT and UL-TDOA. So, it is possible that the UE could be requested to report the Tx TEG association both directly to the LMF (using LPP) and to the gNB (using RRC). Especially as LPP is transparent to the gNB, it may occur that the gNB is asking for reporting associations that the UE is already sending to the LMF. Another example of this problem is that the TRP may first be requested for RTOA measurements (and therefore the UE will report over RRC) however in the future the TRP may then be requested for both RTOA and gNB Rx-Tx measurements. Then the UE may be reporting over RRC and also over LPP. To avoid unnecessary overhead, we suggest allowing the UE to respond to a request from gNB or LMF for the associations with an indication that the UE will report directly to LMF (if reply to gNB) or to gNB (if reply to LMF).
Proposal 1: Allow UE to respond to a request for Tx TEG associations with an indication that it will report, or has already reported, directly to LMF (if responding to gNB) or to gNB (if responding to LMF).  
In the previous meeting, RAN1 discussed UE Rx/Tx temporal timing error index since there is still critical issue even for the same TEG case. The discussion was mainly about consistency of timing error value depending on time. Even if the timing error can be assumed as constant for quite a long time, we may still need to differentiate between RS/measurements from the same TEGs. We introduce a simple example of SRS transmission to explain a remaining issue. Let us assume the UE has two different Tx antenna panels and they are associated with the same Tx TEG ID as the error difference range is the same but it does not mean they are the exactly the same value (e.g.,  within ).
[image: ]
 Let us consider that UE transmits four SRS resources across one or two slots, so the transmission time gap between SRS resources is not too much large. In the first case, the UE transmits SRS resource #1 and resource #2 by Tx panel #1 where both SRS resources could be sent in the same slot, and timing measurements from each SRS resource may contain the same/similar timing error by TEG#1. When the LMF calculates the difference measurement, it would be canceled out. In the second case, the UE transmits SRS resource #3 and SRS resource #4 by Tx panel#1 and #2, respectively. In this case, although these SRS resources are associated with the same UE Tx TEG, its impact would be different. The LMF should consider the timing measurement from SRS resource #4 contains different error when it calculates difference measurement. 
Thus, if UE supports multiple Tx TEGs, and different Tx antenna panels transmit different SRS resources which are associated with the same Tx TEG, the UE needs to report additional information to help LMF perform differential operation. The UE may be able to report an index when it reports the association between SRS resource(s) and UE Tx TEG(s) to inform which measurements are desirable to calculate time difference measurement. For example, binary information can be additionally reported such as (SRS resource#1, Tx TEG#1, 0), (SRS resource#2, Tx TEG#1, 0), and (SRS resource #4, Tx TEG#1, 1), so that the LMF consider the timing measurements with the same index to calculate time difference measurement. This information can be used to differentiate within the same TEG and can be used similar to the TTEI that was proposed by other companies. 
Proposal 2: If UE supports that multiple Tx TEGs and different Tx antenna panels transmit different SRS resources which are associated with the same Tx TEG, it needs to report additional information (e.g., consistency information) to help LMF calculate differential measurement using measurements containing the same timing error.
Remaining issues on timing and RSRPP measurement
From the recently agreed definition of the PRS RSRPP measurement we can see that the 1st delay path corresponds to the first detected path in time. The intention from RAN1 was that the RSRPP of this “first detected path in time” would somehow give the LMF information about the power of the peak corresponding to the point where the UE reports the RSTD. However, as looking at the definition of the RSTD measurement there is no mention of “first detected path”. It is fully up to UE implementation how the RSTD value is selected.
However, this is problematic as it is also up to the UE how to determine what is the first detected path in time for the PRS RSRPP measurement. This is due to the fact that the first detected path is not defined. So, the problem is that even a single UE may use a different method for determining the first path of the PRS RSRPP and the path for deciding the RSTD value. In this case the LMF cannot make use of the RSRPP values and in fact may make the incorrect assumption that the RSRPP and RSTD values reported are talking about the same paths
Observation 1: The current RSRPP and RSTD definitions could lead to the LMF misunderstanding the reported values as the “paths” may not be defined the same way for both measurements.
To address this problem, it should be ensured that the UE has the same understanding of paths when reporting to the LMF. As such we make the following proposal
[bookmark: _Toc29673158][bookmark: _Toc29673299][bookmark: _Toc29674292][bookmark: _Toc36645522][bookmark: _Toc45810567][bookmark: _Toc100147370]Proposal 3: Adopt the following TP to TS 38.214:
5.1.6.5	PRS reception procedure
------------------------------Text omitted--------------------------
The UE may be configured to optionally report a differential DL RSRPP for a PRS resource with reference to [nr-DL-PRS-FirstPathRSRP-Result] and/or a differential DL PRS RSRP with reference to [nr-DL-PRS-RSRP-Result] via higher layer parameter [NR-DL-AoD-AdditionalMeasurementElement].
-------------------------------Start TP-------------------------------
If the UE is configured to report both PRS RSTD and PRS RSRPP measurements the same detected paths for both measurements should be used in the reporting. The UE may indicate via higher layer parameter [xxxx] if the same detected paths are not used for the PRS RSTD and PRS RSRPP measurements.
------------------------------End TP-----------------------------------
RAN1 finalized how to report RSRPP. For DL-AoD, DL-TDOA, and Multi-RTT technique, the UE can report DL PRS RSRPP value as an absolute value for a PRS resource without reporting DL PRS RSRP for the PRS resource. It might be reasonable to reduce the reporting signalling overhead and might be fine in case there is no ambiguity from the LMF. However, even if a specific PRS resource shows the maximum value of the 1st path PRS-RSRPP between multiple PRS resources, it does not guarantee that the transmission beam direction of this PRS resource is a LoS direction, and LMF may need DL PRS RSRP together. Even for timing measurement-based techniques, the LMF can utilize PRS RSRP and PRS RSRPP information for the TRP selection algorithm. In the current LPP spec, reporting the time-stamp is mandatory. In case the UE reported DL PRS RSRPP for the PRS resources with a specific time-stamp, the LMF may be able to request UE to report DL PRS RSRP for PRS resources at the time-stamp if it needs.
Proposal 4: The UE can be requested to report PRS RSRP for specifically indicted PRS resources and previous time-stamp(s), if the UE reported DL PRS RSRPP for PRS resources and the time-stamp(s).
Conclusion
We made the following observations and proposals in this paper:
Proposal 1: Allow UE to respond to a request for Tx TEG associations with an indication that it will report, or has already reported, directly to LMF (if responding to gNB) or to gNB (if responding to LMF).  
Proposal 2: If UE supports that multiple Tx TEGs and different Tx antenna panels transmit different SRS resources which are associated with the same Tx TEG, it needs to report additional information (e.g., consistency information) to help LMF calculate differential measurement using measurements containing the same timing error.
Observation 1: The current RSRPP and RSTD definitions could lead to the LMF misunderstanding the reported values as the “paths” may not be defined the same way for both measurements.
Proposal 3: Adopt the following TP to TS 38.214:
5.1.6.5	PRS reception procedure
------------------------------Text omitted--------------------------
The UE may be configured to optionally report a differential DL RSRPP for a PRS resource with reference to [nr-DL-PRS-FirstPathRSRP-Result] and/or a differential DL PRS RSRP with reference to [nr-DL-PRS-RSRP-Result] via higher layer parameter [NR-DL-AoD-AdditionalMeasurementElement].
-------------------------------Start TP-------------------------------
If the UE is configured to report both PRS RSTD and PRS RSRPP measurements the same detected paths for both measurements should be used in the reporting. The UE may indicate via higher layer parameter [xxxx] if the same detected paths are not used for the PRS RSTD and PRS RSRPP measurements.
------------------------------End TP-----------------------------------
Proposal 4: The UE can be requested to report PRS RSRP for specifically indicted PRS resources and previous time-stamp(s), if the UE reported DL PRS RSRPP for PRS resources and the time-stamp(s).
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