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1	Introduction
Part of the Rel 17 positioning enhancements objectives concerns accuracy improvements 
· 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.
· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]

[bookmark: _Ref178064866]In this paper, we discuss high accuracy aspects. 
2	Discussion
Different positioning enhancements contribute in different ways to the benefit of high accuracy positioning, including different aspects of richer reporting for enhanced UE-assisted positioning. The enhancements can be separated in some different categories, matching the WID objectives:
1. Support for timing delay management
2. Enhancements to DL-AoD and UL-AoA
3. [bookmark: _Hlk79040125]Support for further multipath/NLOS management

In this paper, we discuss these aspects from a RAN2 perspective 
2.1	Timing delay management
A key error contribution stems from timing delays between different entities such as antenna panels in the TX and RX chains of the transceivers. RAN1 has introduced the notion of timing error groups (TEG), where there are no timing delays between entities of the same TEG, but timing delays cannot be precluded between entities of different TEGs.
From a positioning perspective, this implies unknown offset information between TEGs, and the offset information also needs to be estimated or at least mitigated to enable high accuracy positioning. As a start, the TEG of a reported timing measurement needs to be understood by the receiving part. For timing measurements provided relative to a reference timing measurement, it is sufficient to include TEG information with timing measurements if it is considered to be different from the TEG of a reference measurement.
[bookmark: _Toc79090418]Given that different entities in a transceiver can be associated to different timings (belong to different timing error groups), it is important to provide TEG information with reported timing measurements
[bookmark: _Toc79090419]Timing measurements that are reported relative a reference timing measurement are only required to be reported with TEG if it is different from the TEG of the reference timing measurement
Therefore, RAN2 can already before more detailed RAN1 input has been provide start discussing signaling impacts to timing measurement reporting 
[bookmark: _Toc79090428]RAN2 to discuss representation of TEG in timing measurement reporting

A similar situation arises in uplink transmissions, where different TX entities may be subject to different TX TEGs. Therefore, UL-SRS for positioning needs to be associated to a TEG.
[bookmark: _Toc79090420]Given that different entities in a transceiver can be associated to different timings (belong to different timing error groups), it is important to associate TEG information with uplink transmissions
[bookmark: _Toc79090429]RAN2 to discuss representation of TEG in UL-SRS for positioning transmissions
Due to these timing errors and the associated timing offsets between TEGs, the dimensionality of the positioning problem becomes larger, which means that the amount of independent information provided in measurement reports needs to be larger as well. This can imply that 
1. A larger number of DL-PRS additional measurements per TRP needs to be reported in total
2. A larger number of transmitted UL SRS signals, each associated to different TX TEGs
3. Measurements with different RX TEGs are provided for positioning resources of the same TX TEG
4. Measurements with the same RX TEG are provided for positioning resources of different TX TEG
5. A larger number of additional paths per positioning resource are reported

Therefore, the enhancements are not only about associating TEG to the existing timing measurement reporting but to enhance the positioning configuration and reporting scope further, as well as introducing related capabilities
[bookmark: _Toc79090421]Only adding a TEG association to reported timing measurements is not sufficient. The dimensionality of the positioning problems becomes larger with timing errors between different transceiver entities.
[bookmark: _Toc79090422]There is a need to consider a widened scope of positioning capabilities, configuration and measurements to ensure that timing errors can be mitigated
[bookmark: _Toc79090423]The widened scope includes a larger number of additional measurements per TRP, a larger number of transmitted UL-SRS signals, measurements with different RX and TX TEG combinations and a larger number of additional paths per positioning resource.


[bookmark: _Toc79090430]RAN2 to discuss enhancements to positioning capabilities, configuration and measurements to handle timing errors by enabling more positioning information to the positioning problem.

2.2	Enhancements to DL-AoD and UL-AoA
The RAN1 LS [R1-2104089 – needs RAN2 number] provides information about the following RAN1 agreement:
Agreement:
Regarding support of angle calculation enhancement for DL-AoD:
· Support gNB providing the beam/antenna information to the LMF.
· The gNB beam/antenna information can be provided to the UE for UE-based DL-AoD
· FFS: the details of contents of the beam/antenna information
· FFS: the details of how to provide the beam/antenna information.
· Note: The antenna information is related to reducing the overhead of beam information
· Send an LS to RAN2/RAN3 regarding the option of angle report from gNB to LMF for UE-A DL-AoD requesting them to consider this option in Rel-17.

The LS is about supporting beam antenna information from gNB to LMF to support both UE-based and UE-assisted DL-AoD. Beam, antenna information for DL-AoD was added for UE-based already in Rel 16, and the use of beam antenna information for DL-AoD in LMF does not have protocol impacts. Therefore, this LS does not have any RAN2 impact, but RAN2 can monitor related RAN3 work.
[bookmark: _Toc79090424]There is no RAN2 impacts from the RAN1 LS on beam antenna information
[bookmark: _Toc79090431]Note the RAN1 LS and monitor related RAN3 work 

With the ability by UEs and gNBs to estimate fine angular information per path, the value of additional path reporting goes beyond increasing the probability of including the LoS path in the measurement report, which was the main argumentation behind the introduction of additional path reporting in LTE and the NR baseline in Rel 16.
[bookmark: _Toc79090425]With reporting of angular information per path, the value of additional paths goes beyond increasing the probability of including the LoS path. A larger number of additional paths per reported positioning resource is therefore natural. 
[bookmark: _Toc79090432]RAN2 to discuss representation of angular information per path as well as the supported number of additional paths 

2.3	Further multipath/NLOS management
With a wider bandwidth of positioning reference signals compared to LTE (20 MHz BW), the impulse response resolution becomes significantly finer in FR1 (up to 100MHz BW) and even more so in FR2 (up to 400 MHz BW). The time resolution is proportional to the inverse of the signal bandwidth implying that paths with similar path delays can be separated to a greater extent. 
[bookmark: _Toc79090426]The wide signal bandwidths of NR correspond to fine time resolution and also an ability to separate a significantly larger number of paths compared to more narrow band systems in relative terms

Timing measurements associated to the separated multiple paths can benefit positioning if the individual paths can be associated to reflectors in the environment as discussed in [5]. In this case, the multipath/NLOS is not a mitigation problem, but exploiting rich multipath information is an enabler positioning with limited number of transmitters.
In addition to the number of provided paths per positioning resource, rich information per path is also enabling the LCS client to assess and compare information associated to different paths, such as the path power, path angle etc [6].

[bookmark: _Toc79090427]Rich information per path such as path power, path angle etcfurther enhances positioning performance  

[bookmark: _Toc79090433]RAN2 to discuss representation of further additional paths as well as richer information per path
Conclusion
In the previous sections we made the following observations: 
Observation 1	Given that different entities in a transceiver can be associated to different timings (belong to different timing error groups), it is important to provide TEG information with reported timing measurements
Observation 2	Timing measurements that are reported relative a reference timing measurement are only required to be reported with TEG if it is different from the TEG of the reference timing measurement
Observation 3	Given that different entities in a transceiver can be associated to different timings (belong to different timing error groups), it is important to associate TEG information with uplink transmissions
Observation 4	Only adding a TEG association to reported timing measurements is not sufficient. The dimensionality of the positioning problems becomes larger with timing errors between different transceiver entities.
Observation 5	There is a need to consider a widened scope of positioning capabilities, configuration and measurements to ensure that timing errors can be mitigated
Observation 6	The widened scope includes a larger number of additional measurements per TRP, a larger number of transmitted UL-SRS signals, measurements with different RX and TX TEG combinations and a larger number of additional paths per positioning resource.
Observation 7	There is no RAN2 impacts from the RAN1 LS on beam antenna information
Observation 8	With reporting of angular information per path, the value of additional paths goes beyond increasing the probability of including the LoS path. A larger number of additional paths per reported positioning resource is therefore natural.
Observation 9	The wide signal bandwidths of NR correspond to fine time resolution and also an ability to separate a significantly larger number of paths compared to more narrow band systems in relative terms
Observation 10	Rich information per path such as path power, path angle etcfurther enhances positioning performance


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to discuss representation of TEG in timing measurement reporting
Proposal 2	RAN2 to discuss representation of TEG in UL-SRS for positioning transmissions
Proposal 3	RAN2 to discuss enhancements to positioning capabilities, configuration and measurements to handle timing errors by enabling more positioning information to the positioning problem.
Proposal 4	Note the RAN1 LS and monitor related RAN3 work
Proposal 5	RAN2 to discuss representation of angular information per path as well as the supported number of additional paths
Proposal 6	RAN2 to discuss representation of further additional paths as well as richer information per path
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