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Introduction
[bookmark: _Hlk38879917]In RAN1#106 meeting, some issues for multipath/NLoS mitigation have been discussed and some agreements and conclusions have been achieved in [1]. In this contribution, we present our views on potential enhancements for multipath/NLoS mitigation.
Potential enhancements for NLoS mitigation
In the last RAN1 #106 meeting, the following agreements for NLoS mitigation have been achieved.
	Agreement:
· Support LoS/NLoS indicators which are reported to the LMF for DL and DL+UL positioning measurements taken at UE for UE-assisted positioning or UL and DL+UL measurements at the TRP for NG-RAN assisted positioning. 
· Reporting from UE is subject to UE capability
· Positioning assistance data from LMF is enhanced for UE-based positioning by including LoS/NLoS indicators.
· FFS: Other kinds of positioning assistance data enhancements
· For LoS/NLoS detection method(s), there is no additional measurement IEs or assistance data outside of LoS/NloS indicator reporting (i.e., Option 6 from prior agreement).
· Note 1: No RAN4 requirements are expected for the LoS/NLoS indicators in RAN1’s understanding
· Note 2: LoS/NLoS indicators can be complementary to outlier rejection algorithms.

Agreement:
For LoS/NLoS indicators, a single-indicator can be reported and the supported values are a discrete set in the interval [0, 1]. 
· FFS: the number of discrete values to be supported
· Note: This does not preclude using binary values only which is up to UE/TRP implementation
· Note: Single-indicator means that one value in the interval [0, 1] is used for the LoS/NLoS indication


It has been agreed to support LoS/NLoS indicators reporting from UE and TRP to LMF. However, there are still some problems for LoS/NLoS indicators.
For LoS/NLoS detection methods, it is agreed there is no additional measurement IEs or assistance data except of LoS/NLoS indicator reporting. That means the LoS/NLoS detection method will be up to implementation and only LoS/NLoS indicators are used to help LMF distinguish whether each link is LoS or NLoS. Because it is noted that no RAN4 requirements are expected for the LoS/NLoS indicators, we wonder how the reliability of LoS/NLoS indicators can be guaranteed. 
In the following evaluation in Figure 1, we evaluate two conditions for LoS/NLoS indicators reporting:
Case1: If a NLoS link is detected as a LoS link and LMF select it for positioning for high priority;
Case2: If a LoS link is detected as a NLoS link and LMF does not select it for positioning;
[image: ]
Figure 1 Accuracy when reporting unreliable LoS/NLoS indicators
From the simulation results, we can observe that the two above cases will result in great performance loss especially for the case2. If the LoS/NLoS indicators are completely depend on implementation and without any RAN4 requirements, we are worried that the unguaranteed LoS/NLoS indicator is a black box for LMF that may lead to performance degradation since LMF doesn’t know how to optimize a black box and even what it represents and leads to.
Observation 1: 
· Reporting error of LoS/NLoS indicators will result in performance degradation.
For LoS/NLoS indicators, it has been agreed that a single-indicator can be reported and the supported values are a discrete set in the interval [0, 1], which does not preclude using binary values only which is up to UE/TRP implementation. This may lead to some ambiguousness. For example, UE1 is supportive of reporting LoS/NLoS indicator using binary values and UE2 is supportive of reporting LoS/NLoS indicator using discrete set, when UE1 and UE2 both report a LoS/NLoS indicator of 0. For UE1, it only means the link is detected as NLoS but the confidence is unknown; for UE2, it means the link is detected as NLoS and the confidence is very high. But the LMF cannot know the confidence information and assume the two indicators are the same as they are both 0 and may further use them in the same way, which is obviously unreasonable.
Therefore, to deal with the above ambiguousness, we think the additional UE capability of which type of LoS/NLoS indicators the UE is supportive should be supported. When LMF receives different UE capability, it can identify the meaning of 0 and 1 according to the reported different UE capability. 
Proposal 1: 
· Support UE capability of which type of LoS/NLoS indicators the UE is supportive. 
When it comes to the discrete values of Los/NLoS indicators, we think it should be associated with LoS detection probability. As far as we are concerned, reporting discrete values is a method to indicate the confidence of Los/NLoS indicators. Each discrete value represents a confidence of Los detection, where the closer it gets to 0, the corresponding link is more likely to be a NLoS link and the confidence of NLoS is higher, and the closer it gets to 1, the corresponding link is more likely to be a LoS link and the confidence of LoS is higher. However, how to divide the LoS/NLoS indicators into discrete values still needs clarification and discussion. For example, the LoS/NLoS confidence may largely depends on the LoS identification methods, where the measurements for LoS identification are different. Then how to unify the quantify rules for LoS/NLoS indicators needs to be further discussion. If each UE reports the discrete values of Los/NLoS indicators without a unified rule, how can the reliability of Los/NLoS indicators be guaranteed? 
In our opinion, a simplest way is to divide each discrete value according to LoS detection probability. Considering the overhead and accuracy, a discrete value set of [0, 0.25,0.5,0.75,1] should be supported. The corresponding relationship can be based on the following rules:
Table 1 The corresponding relationship rule between discrete values and LoS detection probability
	discrete values
	LoS detection probability

	0
	

	0.25
	

	0.5
	

	0.75
	

	1
	[0.875,1]



Proposal 2: 
· Support a discrete value set of [0, 0.25,0.5,0.75,1] which is associated with LoS detection probability.
· The corresponding relationship rule between discrete values and LoS detection probability can refer to Table1.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Potential enhancements for multipath reporting
[bookmark: _Hlk82529468]In last meeting, some agreements for multipath reporting have been achieved as following.
	Agreement:
· For up to N>2 additional paths, support reporting relative timing (to the first detected path) in the measurement reports from UE to LMF for at least DL-TDOA and multi-RTT
· FFS: Definition of additional paths for N>2
· FFS: Whether power is additionally reported and if reported whether power is relative to first detected path or total power
· Support one of the following options for maximum value of N at RAN1#106-b (any further criteria for selection to be discussed during RAN1#106):
· Option 1: N = 4
· Option 2: N = 8
· Option 3: N = 16
· Option 4: N = 32

Agreement:
· For multipath reporting enhancements, support reporting from TRP to LMF, angle, timing, for up to additional N>2 paths for at least UL-TDOA and multi-RTT.
· FFS: Definition of additional paths for N>2
· FFS: Whether power is additionally reported and if reported whether power is relative to first detected path or total power
· Down select between the following options for N at RAN1#106-b (any further criteria for selection to be discussed during RAN1#106):
· Option 1: N = 4
· Option 2: N = 8
· Option 3: N = 16
· Option 4: N = 32
Agreement:
Reporting multiple UL-AoA values per additional path is supported for at least UL TDOA and multi-RTT.
· FFS: maximum number of UL-AoA values per additional path.


For N>2 additional paths, it has been discussed that the definition of the N additional paths should be studied. The candidate definitions of N additional paths are as the following:
· N strongest paths
· “N”/M non-distinct paths
· First N detectable paths
· First N paths following a reference path
As far as we are concerned, the motivations of reporting multiple paths mainly include the following:
	Case1: Guaranteeing the best path;
	Case2: LoS/NLoS selection;
	Case3: Making use of the reflecting clusters;
	Case4: AI-based positioning.
For Case2, it has been agreed that only LoS/NLoS indicator is supported for LoS/NLoS detection. For Case3, we think how LMF uses the reflecting clusters and the specific performance gain of using reflecting clusters should be justified firstly. As for Case4, it is too early to discuss it before AI-based positioning is agreed to be studied. Maybe after AI-based positioning is agreed to be studied, it will be a good time for us to further study what specific information of multi paths should be reported and how many multi paths reporting is the most efficient. Therefore, we think Case1 is the main motivation for reporting multiple paths in this stage. However, in general, two additional paths are enough for Case1. For example, a path with strongest RSRP, and a path before the strongest path with lower power. In the following we discuss the definition of N additional paths considering the motivation of guaranteeing the best path.
For the “N”/M non-distinct paths, we do not think it makes much sense. The non-distinct paths often occur when the bandwidth is limited and the sampling frequency of the Fourier transform is insufficient to distinguish the first path and other paths. However, reporting N>2 non-distinct paths has little benefit, for the first path is often located between the two non-distinct paths, where N=2 additional paths are enough. In addition, LMF still cannot extract the first path from the timing of non-distinct paths due to the Ts resolution. Therefore, we think the definition of “N”/M non-distinct paths is not so reasonable.
For the N paths following a reference path, we also think it is unreasonable. If the first path arrives earlier than the reference path, then no matter how many paths are reported, the first path cannot be found. So the performance largely depends on the reference path, how to select the reference path will also be a problem.
Then we discuss about the N strongest paths and first N detectable paths. As far as we are concerned, these two kinds of definition may be helpful and we evaluate the performance of them. The results are shown in Figure 2. From the evaluation results, we can see that no matter the reporting N additional paths are N strongest paths or first N detectable paths, reporting more additional paths have no obvious performance gain, which are at most 90% 0.03m. Nevertheless, the overhead of reporting additional paths increases when the number of additional paths increases, but the performance gain increases slightly. Therefore, we do not think it is worth reporting N>2 additional paths, especially more than 4 paths.
To summarize the above discussion, the benefit of reporting N>2 additional paths is limited in the equation-based positioning methods such as Chan algorithm. No matter how many paths are reported, only one best path is needed for a TRP in the equation. The problem is how many paths are needed to be reported to guarantee the best path in those paths, and guarantee the numerous path information is indeed beneficial for positioning other than leading to large useless overhead.
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Figure 2 Accuracy of reporting different additional paths
Observation 2: 
· Reporting N>2 additional paths has little performance gain.
· When the number of additional paths increases, the performance gain increases slightly but the overhead increases largely.
Proposal 3: 
· [bookmark: _GoBack]N=4 additional paths for at least DL-TDOA, UL-TDOA and multi-RTT are enough at this stage for positioning.

As for whether power is additionally reported, at least for DL-TDOA, UL-TDOA and multi-RTT, we do not see the necessity. In the current specification, UE selects a reference path and 2 additional paths by implementation and only report the timing information of paths to LMF, which is due to the positioning calculation is done by the timing information like RSTD and Rx-Tx timing difference. However, the power information has little to do with positioning calculation for DL-TDOA, UL-TDOA and multi-RTT. The only benefit of power reporting of additional paths is to help LMF select which path is more likely to be a first path, however, why we take such great efforts to report so many additional information to LMF just to do the thing which can already be done by UE or TRP? In current specification, UE or TRP reports a reference path which is mostly a first path to LMF, where the reference path is selected by implementation, there is no doubt that UE or TRP will have much more measurement information than LMF to select the best path. Therefore, we do not think additional power reporting should be supported.
Proposal 4: 
· Do not support reporting power of additional paths from UE to LMF;
· Do not support reporting power of additional paths from TRP to LMF.
It has been agreed that the maximum number of UL-AOAs values (pair of AOA & ZOA values) to be reported per SRS resource for the first arrival path corresponding to the same timestamp is 8, where the main motivation is for larger antenna spacing. However, we are still unclear why multiple UL-AoA values of per additional path are needed for UL TDOA and multi-RTT. Is it still for solving the side lobe caused by larger antenna spacing? But the angle of additional path is not the LoS angle. We do not think too many UL-AOAs values which introduce large overhead but little benefit should be supported, the maximum number of UL-AoA values per additional path should not exceed 2.
Proposal 5: 
· The maximum number of UL-AOA values per additional path should not exceed 2.

Conclusion
In this contribution, we discuss the issue on potential enhancements for multipath/NLoS mitigation. We have the following proposals and observations:
Observation 1: 
· Reporting error of LoS/NLoS indicators will result in performance degradation.
Observation 2: 
· Reporting N>2 additional paths has little performance gain.
· When the number of additional paths increases, the performance gain increases slightly but the overhead increases largely.

Proposal 1: 
· Support UE capability of which type of LoS/NLoS indicators the UE is supportive. 
Proposal 2: 
· Support a discrete value set of [0, 0.25,0.5,0.75,1] which is associated with LoS detection probability.
· The corresponding relationship rule between discrete values and LoS detection probability can be as Table1.
Proposal 3: 
· N=4 additional paths for at least DL-TDOA, UL-TDOA and multi-RTT are enough at this stage for positioning.
Proposal 4: 
· Do not support reporting power of additional paths from UE to LMF;
· Do not support reporting power of additional paths from TRP to LMF.
Proposal 5: 
· The maximum number of UL-AOA values per additional path should not exceed 2.
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