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1	Introduction
High accuracy is one of the main agendas for Rel-17. The WID includes the following objectives to achieve high accuracy. The objective is RAN1 centric; however, it will also have RAN2 impacts.
	The objective of this work item is to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning enhancements for improving positioning accuracy, latency, network and/or device efficiency.The specific objectives of this work are:
[bookmark: _Hlk57059510]RAN1 centric objectives:

· 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]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
Note: RAN1 will discuss the candidate solutions and provide updates for this objective, with status to be reviewed in RAN#91e.

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



In this paper, we briefly discuss the high accuracy agenda items.

[bookmark: _Ref178064866]2	Discussion

2.1	Multipath assisted positioning and virtual transmitters 
Over the last ten years, the benefits of very good timing estimation resolution and the implied fine separation of multiple received paths are well documented and analyzed. Some early references include [2,3], and the topic is well researched since then. Identified multiple paths can be associated to virtual transmitters and thereby create additional equations that improves the geometry to the positioning problem and moreover the positioning accuracy.  The benefits of multipath timing reporting was also discussed in Rel 14 for LTE, where reporting of additional paths was introduced as a mean to significantly increase the probability to include the LoS path among the reported paths and thereby much improve the positioning accuracy and reliability.
Timing reporting associated to additional paths was also addressed in Rel 16 for NR, but the limit of up to two additional paths were adopted from LTE. However, with the up to 400 MHz DL-PRS bandwidth in NR compared to the up to 20 MHz PRS bandwidth, the timing estimation resolution and multiple path separation of NR is clearly significantly better than for LTE. In dispersive environments such as in industrial IoI scenatios, the number of relevant received paths from a transmitter can be quite large due to the number of reflectors in the environment. 
1. [bookmark: _Toc71528410]The downlink timing estimation and multiple path separation capabilities of NR devices are significantly better than of LTE devices due to the wider positioning reference signal bandwidths.
1. [bookmark: _Toc71528411]The number of relevant received paths in a dispersive environment such as in an industrial IoT scenario can be considerable.
Therefore, it is highly relevant to increase the number of additional paths an NR device can report beyond the current two, and also determine if the path representation shall be enriched.
1. [bookmark: _Toc71528417]RAN2 shall ask RAN1 to confirm a suitable number of additional paths to be included with timing-based reports in consideration of the wide positioning reference signal bandwidth of NR. 
As part of improving the accuracy of angle-based methods; RAN1 is currently discussing that the reporting of additional paths needs to be improved. Information of the DL AOD for other paths than the first path can also improve positioning accuracy. DL-AoD is based on DL-PRS RSRP associated to multiple DL-PRS resources. In order to extend DL-AoD to additional paths, there is a need to include also the DL-PRS path RSRP in the additional paths.
1. [bookmark: _Toc71528412]Angle-based downlink methods exploit DL-PRS RSRP in order to estimate DL-AoD. For additional path DL-AoD estimation, the DL-PRS RSRP per additional path is also needed.   
Therefore, it is highly relevant to increase the number of additional paths an NR device can report beyond the current two, and also determine if the path representation shall be enriched.
1. [bookmark: _Toc71528418]RAN2 shall ask RAN1 to confirm a suitable number of additional paths to be included with timing-based reports in consideration of the wide positioning reference signal bandwidth of NR, and conclude on enriched information per path to allow also DL-AoD per additional path. 
2.2	Rx Tx Timing Error Mitigation
In Rel 16 NR positioning, the aspects of UEs estimating DL-PRS reference signal received power using an RX beamformer were addressed and an RX beam index is provided to indicate if DL-PRS RSRPs of the same resource set are provided based on the same RX beam former or different.  An NR UE may be configured with multiple antenna panels, especially at higher frequency bands, and the RX and/or TX timings associated to these antenna panels may be different in the UE. RAN1 has generalized these timing differences to timing error groups (TEG), where measurements associated to the same TEG are subject to the same timing.
One possibility is that the UE is aware of the TEG timing differences, and the UE can signal the TEG timing differences to LMF. However, if the UE is aware of the timing differences between two TEGs, then it is better to compensate for the timing difference and combine the two TEGs into the same TEG. Possibly, the association of measurements to TEGs could therefore be dynamic. 
1. [bookmark: _Toc71528419]Timing errors per RX/TX TEG nor timing error differences between Rx/TX TEGs should not be signalled by the UE to the LMF, nor from the LMF to the UE.
These timing errors implies different aspects for DL-TDOA, UL-TDOA and Multi-RTT positioning respectively
2.2.1		DL-TDOA aspects
[bookmark: _Hlk71520676]For DL-TDOA, the critical part is the RSTD measurements, where the RSTD could be between a TRP/DL-PRS resource and a reference TRP/DL-PRS resource that belongs to different RX TEGs. 
1. [bookmark: _Toc71528413]RSTD measurements could be formed by a TRP/DL-PRS resource timing measurement and a reference TRP/DL-PRS resource timing measurement that are associated to different RX TEGs.
LMF can, if made aware by the UE, model such TEG timing errors as part of the positioning algorithm to ensure that TEG timing errors are considered properly. Therefore, it is important that the UE indicates RX TEG per reported TRP/DL-PRS resource. 
1. [bookmark: _Toc71528420]The UE shall report the RX TEG per TRP/DL_PRS resource and reference TRP/DL-PRS resource in case downlink timing measurements are subject to different RX TEGs 
2.2.2		UL-TDOA aspects
For UL-TDOA, the critical part is the UL-SRS transmissions and whether two different UL-SRSs are associated to the same or different TX TEGs. Two different UL-SRSs can be transmitted with different timings, which means that this timing difference adds a term to the measurement error when forming an UL-TDOA measurement equation in LMF. 
1. [bookmark: _Toc71528414]Two UL-SRSs could be transmitted associated to two different TX TEGs.
The UL-SRS for positioning configuration in RRC can include a spatial relation to an SSB, a DL-PRS or another UL-SRS, and this information is used by the UE to determine UL-SRS transmission configuration including association to TX TEGs. It is therefore possible to confirm the TX TEG association by the UE to the gNB via RRC.
1. [bookmark: _Toc71528415] The UE can determine the UL-SRS TX TEG association based on the UL-SRS spatial relation of the UL-SRS RRC configuration.
Hence, the UE shall provide an indication about which TX TEG a configured UL-SRS belongs to.
1. [bookmark: _Toc71528421]The UE shall provide an indication about which TX TEG a configured UL-SRS belongs to. 
2.2.3		Multi-RTT aspects
Multi-RTT is based on a combination of UL and DL measurements, which means that the UE shall indicate both the RX TEG and TX TEG per UE RxTx time difference measurement. 
1. [bookmark: _Toc71528416]Both the RX and TX TEG is needed for each UE RxTx time difference measurement in order to properly assess the potential timing errors.
Hence, the UE shall provide an indication about which RX TEG and TX TEG a UE RxTx time difference measurement is associated to.
1. [bookmark: _Toc71528422]The UE shall provide an indication about which RX TEG and TX TEG a UE RxTx time difference measurement is associated to. 
Conclusion
In the previous sections we made the following observations: 
Observation 1	The downlink timing estimation and multiple path separation capabilities of NR devices are significantly better than of LTE devices due to the wider positioning reference signal bandwidths.
Observation 2	The number of relevant received paths in a dispersive environment such as in an industrial IoT scenario can be considerable.
Observation 3	Angle-based downlink methods exploit DL-PRS RSRP in order to estimate DL-AoD. For additional path DL-AoD estimation, the DL-PRS RSRP per additional path is also needed.
Observation 4	RSTD measurements could be formed by a TRP/DL-PRS resource timing measurement and a reference TRP/DL-PRS resource timing measurement that are associated to different RX TEGs.
Observation 5	Two UL-SRSs could be transmitted associated to two different TX TEGs.
Observation 6	The UE can determine the UL-SRS TX TEG association based on the UL-SRS spatial relation of the UL-SRS RRC configuration.
Observation 7	Both the RX and TX TEG is needed for each UE RxTx time difference measurement in order to properly assess the potential timing errors.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 shall ask RAN1 to confirm a suitable number of additional paths to be included with timing-based reports in consideration of the wide positioning reference signal bandwidth of NR.
Proposal 2	RAN2 shall ask RAN1 to confirm a suitable number of additional paths to be included with timing-based reports in consideration of the wide positioning reference signal bandwidth of NR, and conclude on enriched information per path to allow also DL-AoD per additional path.
Proposal 3	Timing errors per RX/TX TEG nor timing error differences between Rx/TX TEGs should not be signalled by the UE to the LMF, nor from the LMF to the UE.
Proposal 4	The UE shall report the RX TEG per TRP/DL_PRS resource and reference TRP/DL-PRS resource in case downlink timing measurements are subject to different RX TEGs
Proposal 5	The UE shall provide an indication about which TX TEG a configured UL-SRS belongs to.
Proposal 6	The UE shall provide an indication about which RX TEG and TX TEG a UE RxTx time difference measurement is associated to.
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