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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Whether the time delay and angle should be modified under NLOS scenario has been raised in earlier meetings. In this contribution, we provide some analysis and the proposal for the modification is given.

2 Issue
In 38.901, we see the following equations for generating the cluster delay,
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So, the first cluster has time delay equal to 0.

When the LOS distance between UE and TP is known, we may add the corresponding delay under the in-the-air assumption to shift all the cluster delay. To do so we still face a problem that whether this approach is applicable to the NLOS scenario.

The path loss has been defined for both LOS and NLOS scenarios, where in the NLOS scenario the signal typically suffers more than 25dB power degradation than that in LOS scenario. The additional path loss in NLOS scenario considers the effect of diffraction and refraction.

The diffraction and refraction may induce additional delay as compared to the LOS scenario. Also the angle of arrival could also be changed. However, it is not addressed in 38.901 and we don’t have any measurement data for the delay and angle change. As such, any proposal on how to define both the delay and angle change requires justification.

Before discussing this issue, based on current evaluation, we have also identified two conditions which could impact the positioning accuracy,
· Weak power on first cluster
· Network synchronization error, which is assumed in the range of [-100ns, 100ns]

The weak first cluster, from our evaluation, happens in NLOS condition. We assume that the LOS direction always holds for the first cluster, and it has certain angle difference from the beam direction, as shown in Fig. 1. This situation also happens when there is only one antenna element for transmission, due to the fixed orientation and directional gain.

Under NLOS condition, the first cluster may not have the dominating power as compared to others. The further suppression due to the antenna array gain may weaken the first cluster, making it difficult to detect. Fig. 2 shows the observed CIR from our evaluation. As a result, it induces 40Ts error in this case.

We conduct the experiment to check the impact of undetectable first cluster. TABLE 1 shows the parameters for the evaluation and Fig. 3 is the RS block pattern for the test. Note that all the cells are transmitted in TDM manner to avoid interference. 

Fig. 4 shows the error statistics for both with and without network sync error. In Fig. 4-a without adding sync error, it is seen that the horizontal error is around 25 meters for 80% UEs. When sync error is added in Fig. 4-b, interestingly, the horizontal error only increases from 25 to around 29 meters, for 80% UEs. So, the current sync error range is not the dominating error source as compared to the undetectable first cluster under UMa scenario.

The additional time delay due to diffraction and refraction can be treated as random error. The network sync error has been modelled as a random variable as well. So, one way to resolve this issue is to capture both by still using a random variable, with a wider range. 

Based on the above, we have,
Observation 1: Under NLOS, besides the unknown additional delay induced by diffraction and refraction, the weak first cluster and network sync error also impact the positioning accuracy

Observation 2: The weak first cluster may be undetectable, and the induced error is more dominating than that by network sync error under UMa scenario

Observation 3: The additional time delay due to diffraction and refraction can be treated as random error. The network sync error has been modelled as a random variable as well

Proposal 1: Define a wider error range to capture both the network sync error and additional time delay due to diffraction and refraction under NLOS. For LOS, keep the current error range for network sync error


	Carrier freq
	2GHz 

	SCS
	15KHz

	BW
	20MHz

	Scenario
	UMa

	Site number
	19

	TP power
	40dBm

	TX antenna element
	1

	Other settings
	1, all cells are transmitted in TDM to remove the factor of interference
2, power boosting is enabled on the RS (by borrowing power from unused REs in the same symbol)


TABLE 1: parameters for experiment on the impact of undetectable first cluster
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Fig. 1, angle difference between beam direction and LOS direction
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Fig. 2, the observed CIR with weak first cluster
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Fig. 3 RS block pattern for simulation
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         Fig. 4-a, without network sync err           Fig. 4-b, with network sync err [-100ns, 100ns]
Fig. 4, the horizontal error CDF for UMa (check the impact by weak first cluster)










3 Conclusion
Based on the above, we have,

Observation 1: Under NLOS, besides the unknown additional delay induced by diffraction and refraction, the weak first cluster and network sync error also impact the positioning accuracy

Observation 2: The weak first cluster may be undetectable, and the induced error is more dominating than that by network sync error under UMa scenario

Observation 3: The additional time delay due to diffraction and refraction can be treated as random error. The network sync error has been modelled as a random variable as well

Proposal 1: Define a wider error range to capture both the network sync error and additional time delay due to diffraction and refraction under NLOS. For LOS, keep the current error range for network sync error
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