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Introduction
During RAN#90-e, the Rel-17 positioning WID has been down-scoped to only the following two objectives targeting enhancing positioning accuracy [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 [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.
Other potential enhancements to enhancing positioning accuracy recommended by SI [2] that are documented in the TR 38.857 [3] are considered as lower priority, and can be revisited in the next RAN plenary.
Those enhancements include
Simultaneous transmission by the gNB and aggregated reception by the UE of intra-band one or more contiguous carriers in one or more contiguous PFLs
Simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers
Enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation
In this contribution, we will provide our view on those enhancements.

PRS frequency layer aggregation and SRS aggregation on intra-band contiguous carriers
The benefit of PRS/SRS frequency layer aggregation has been clearly demonstrated in the SI [3]. 
In addition, we would like to emphasize the importance of wider bandwidth for indoor positioning. To our understanding, the indoor environment, unlike a microwave anechoic chamber, is characterized by rich scattering, on the ground and on the surface of the scatterers in the vicinity of the UE, with the reflecting path being very close to the LOS path, which may not be included in the evaluation assumption during the SI.
Figure 1 shows the modeling of the ground reflection. The delay between the LOS path and the GR path can be bounded by

If , the right-handed side equality can be approximated. For example, if , , , the delay difference is roughly 1.1 meters.
The delay can be typically beyond the resolution of the 100MHz channel bandwidth, and the UL AoA for the LOS path and ground reflection is also quite close and beyond the angular resolution for the indoor gNB Rx antenna configuration. It is thus extremely difficult for the receiver to separate LOS path from the cluster with the ground reflection. PRS/SRS carrier aggregation can refine the resolution, and facilitate the receiver to identify the two paths.
[image: ]
[bookmark: _Ref60751060]Figure 1 Illustration of explicit ground reflection
Figure 2 has four sub-figures, illustrating the same channel profile observed under 100 MHz system and 200MHz system, with the delay between the main path and the reflecting path being 0.2 meters, 0.4 meters, 0.7 meters, and 1 meter. It can be seen that 200 MHz can distinguish two paths when the path delay is larger than 0.7 meters, while for 100MHz, the paths are barely distinguishable from I/Q channel impulse response when the delay is 1 meter.
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(a) 0.2 meters
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(b) 0.4 meters
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(c) 0.7 meters
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(d) 1 meter


[bookmark: _Ref61356183]Figure 2 The same CIR observed under different bandwidths with the distance between direct path and ground reflecting path being (a) 0.2 meters, (b) 0.4 meters, (c) 0.7 meters, and (d) 1 meter
On the issues pertaining to PRS/SRS frequency aggregation
It was argued that there are additional requirement on gNB and UE implementation to enable the feature, but this is almost universal for any enhancement, and it is common understanding that RAN4 may be involved for the feasibility study.
It was also argued that the RF/IF/BB architecture to support the feature will increase the UE cost, but according to the current RF discussion e.g. intra-band Tx switching, UL DC reporting for intra-band CA, there is a majority support of using single RF at least at UE side for implementing intra-band contiguous CA. For IF/BB architecture, the changes can be quite small.
Some mentioned that FR2 can already support up to 400MHz per carrier. However from band availability, coverage, technology maturity, and network/UE overhead, we consider FR1 still being the battle ground for commercialized indoor positioning systems. Note that UWB is also deployed under 7GHz.
Even if there is a different group delay and/or different phase offset, using a calibration UE can also alleviate the problem if group delay and phase offset can be estimated by the measurement conducted by the calibration UE.
We think allowing PRS/SRS frequency aggregation is essential to reach the 0.2/0.5 meter accuracy for real IIoT deployment, and positioning via cellular network is equipped with matched competitiveness in the campaign against UWB for the under 7GHz indoor positioning market.
Proposal 1:  Include PRS/SRS frequency aggregation in the positioning WI.

Multi-path mitigation/utilization
As discussed in our companion contributions [4][5], we consider it beneficial to include multi-path measurement for the purpose of UL-AoA and DL-AoD enhancement, which will help generate the path-specific angle.
The path specific measurement will also help in
Spatial consistency check for the location fix (e.g. verifying whether path is a valid LOS path in RAIM).
Positioning via reflection and scattering.
0. This could be even possible when artificial reflection is introduced via e.g. intelligent reflecting surface (IRS).
For timing-based standalone mode, there is already two-additional-path reporting per PRS resource for DL and per UE (per SRS measurement) for UL. We consider that increasing the number of paths reported to e.g. 8, is beneficial for both DL and UL.
The specification impact on enhancing multipath measurement is quite small, and there is no expected RAN4 requirement.
Proposal 2:  Include multipath reporting enhancement in the positioning WI.
No RAN4 requirement is expected.

NLOS identification
It was argued that NLOS identification can be replaced by implementation based solutions, e.g. RAIM (Receiver Autonomous Integrity Monitoring), but in our understanding, NLOS identification is more beneficial for a wide-variety of use cases.
First, NLOS identification can provide the best estimate of the likelihood of the TOA reflecting the distance that can be used for positioning fix based on signal domain processing. Companies may argue that the existing TOA measurement quality can already support this, e.g. by reporting large TOA error if the receive can identify it is NLOS channel, but based on our understanding, TOA quality should be used for identifying the quality of the path itself, excluding the potential NLOS bias, which cannot anyway be estimated from the receiver side. In one sense, the channel labelled as NLOS can still be accompanied with very accurate TOA.
Second, NLOS identification is helpful when there is a small amount of (LOS) TRPs. RAIM ideally requires redundancy, which provides self-correction to TOA measurements that are affected by NLOS channel. This, on the other hand, requires extremely dense deployment for indoor positioning, where the cost will increase.
Third, the LOS/NLOS identification can be used to provide the location QoS of the location fix, if a link marked as NLOS. This is particularly helpful for the deployment where the number of (LOS) TPRs is close to or even below the minimum that is required for a location fix
Fourth, for the cases with calibration UE, which can help eliminate the gNB Rx/Tx timing error as mentioned in our companion contribution [6], it is normally deployed in a place that has the LOS condition towards the calibrated TRPs. However, there could be temporary blockage between the calibration UE and a TRP, which without NLOS identification, will be erroneously regarded as part of gNB Rx/Tx timing error and falsely compensated.
Finally, we do not see strong contradiction between NLOS identification and RAIM algorithm. In fact, they can be combined together, so that the TRPs marked as higher probability of LOS condition can be used first and reduce the search effort for a location fix. Note that current RAN2 assumes that the LMF calculating the location can take as much as 30 msec. With that information, LMF can have a higher probability of early convergence even using RAIM.
Observation 1: NLOS identification can have the following benefits
It provides the likelihood of the TOA measurement matching the distance
It is useful for the deployment with a small amount of (LOS) TRPs
It provides useful information for determining the location quality
It can be used for UE assisted gNB Rx/Tx timing error calibration
It can be used in conjunction with RAIM to reduce the searching effort of location fix for early convergence.
The specification impact is quite small, and there is no expected RAN4 requirement. 
Proposal 3: Include NLOS status reporting in the positioning WI.
No RAN4 requirement is expected.

Conclusion
In this contribution, we have the following observations and proposals regarding positioning enhancement in Rel-17.
Observation 1: NLOS identification can have the following benefits
It provides the likelihood of the TOA measurement matching the distance
It is useful for the deployment with a small amount of (LOS) TRPs
It provides useful information for determining the location quality
It can be used for UE assisted gNB Rx/Tx timing error calibration
It can be used in conjunction with RAIM to reduce the searching effort of location fix for early convergence.
Proposal 1:  Include PRS/SRS frequency aggregation in the positioning WI.
Proposal 2:  Include multipath reporting enhancement in the positioning WI.
No RAN4 requirement is expected.
Proposal 3: Include NLOS status reporting in the positioning WI.
No RAN4 requirement is expected.
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