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1 [bookmark: _Ref40390915][bookmark: _Ref189046994]Introduction
The WID for the study item on NR positioning enhancement (3GPP TSG RAN Meeting #90e, December 7-11, 2020) states that the study should 
“Specify the procedure, measurements, reporting, and signaling for improving the accuracy of [RAN1] DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.”
Release 17 should support positioning in commercial and industrial internet of things (IIOT) scenarios. The use cases for positioning in IIOT scenarios have very different requirements for positioning accuracy, some with very demanding requirements. In this contribution, we present candidate DL-AoD positioning enhancements which would help in overcoming challenges and meet the release 17 requirements.
2 [bookmark: _Ref7792543][bookmark: _Ref7598514]Enhancements for improved DL-AoD positioning
2.1 First path power measurement
Rel. 16 DL-AOD is based on the DL PRS RSRP measurement which is defined in 38.215 as follows:

------------- Section 5.1.28 in 38.215
5.1.28	DL PRS reference signal received power (DL PRS-RSRP)

	Definition
	DL PRS reference signal received power (DL PRS-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry DL PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth.

For frequency range 1, the reference point for the DL PRS-RSRP shall be the antenna connector of the UE. For frequency range 2, DL PRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported DL PRS-RSRP value shall not be lower than the corresponding DL PRS-RSRP of any of the individual receiver branches.

	Applicable for
	RRC_CONNECTED



------------- End section 5.1.28 in 38.215
The problem with this definition is that the total power of all propagation paths is included and not only the power of the LOS path. Although the LOS path is normally the strongest path and accounting for the bulk of the DL PRS-RSRP power, clearly NLOS paths do create disturbances that reduce the accuracy of the DL AOD estimate. As an example we may look at the InF model. For the InF model the power of the LOS ray relative to the combined power of the NLOS rays is given by the Ricean K-factor which is normally distributed in log scale with mu=7dB and sigma=8dB. This means that there is a probability of 16% that the Ricean K-factor is minus 1dB or smaller, i.e. quite often the combined power of the NLOS rays is larger than that of the LOS ray. The angle of departure spread of the NLOS rays is given by a combination of the cluster ASD of 5 degrees of the individual rays within a cluster and the AOD spread of the clusters. The AOD spread of the clusters is lognormally spread with mu=1.56 and sigma=0.25. Here, one should remember that the lognormal distribution has a large tail. Clearly, one should expect a significant degradation in DL AoD performance if the power of the NLOS paths are included in the RSRP measurement used for AoD estimation.
Table 1 AOD related parameters for the InF model as given in TR 38.901
	Scenarios
	InF

	
	LOS
	NLOS

	AOD spread (ASD)
lgASD=log10(ASD/1)
	lgASD
	1.56
	1.57

	
	lgASD
	0.25
	0.2

	K-factor (K) [dB]
	K
	7
	N/A

	
	K
	8
	N/A

	
Cluster ASD () in [deg]
	5
	5



One may also consider the simple geometry of a ceiling mounted BS and a UE at a certain height above the floor, as illustrated in Figure 1. In this scenario the angle between the LOS path and the NLOS path from a floor reflection is given as

As an example, with a BS height  of 10m, a UE height  of 1.5m and a horizontal distance  of 3m we get an AOD difference  of 5 degrees. Again, we see that a significant degradation in DL AoD performance can be expected if the power of the NLOS paths are included in the RSRP measurement used for AoD estimation.
[image: ]
[bookmark: _Ref61882913]Figure 1 Geometry of a ceiling mounted BS and a UE at a certain height above the floor
In some scenarios, even larger errors in the DL AOD estimation can be expected. For instance, if the straight path between the UE and TRP (LOS) is damped from the penetration of a wall, then a NLOS path may be the strongest path. 
[bookmark: _Toc61904917]DL PRS reference signal received power (DL PRS-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry DL PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth. This means that the DL PRS RSRP includes the total received signal energy from all propagation paths.
[bookmark: _Toc61904918]The fact that DL PRS RSRP is defined to include the total received signal power from all propagation paths and not only the power of the first path result in reduced accuracy of the DL AoD estimate.
To handle this problem the power needs to be measured and reported for the LOS path alone. More generally, for the power of any path we propose to:
[bookmark: _Ref61589221][bookmark: _Toc61904920]Define a DL PRS peak-RSRP measurement for the power of a specific peak in the channel impulse response of a received DL-PRS resource.
The new DL PRS peak-RSRP should be included in the NR DL-AoD Location Information and in the NR DL-AoD Location Information Request alongside the old DL PRS RSTD measurement (see TS37.355 [3]). 
[bookmark: _Toc61904921]Include the DL PRS peak-RSRP in the NR DL-AoD Location Information alongside the existing DL PRS RSRP measurement.
[bookmark: _Toc61904922]DL PRS-RSRP is also present in the signal measurement reports in LPP for DL-TDOA and multi RTT. Also here, the DL PRS peak-RSRP should be included alongside the existing DL PRS RSRP measurement.Include the DL PRS peak-RSRP in the NR DL-TDOA and in the NR multi-RTT Location Information alongside the existing DL PRS RSRP measurement.
We note that since the UE will have to detect a peak in order to measure its power, the UE will always have to perform a time of arrival measurement in order to perform a peak RSRP measurement. Combining timing and peak-RSRP measurements is thus efficient from a UE-complexity point of view. It’s also useful for hybrid positioning based on a combination of timing and peak-RSRP measurements.
[bookmark: _Toc61904923]Include the DL PRS peak-RSRP in the NR DL-TDOA and multi RTT Location Information alongside the existing DL PRS RSTD measurement.
2.2 Multi path DL AOD
[bookmark: _Hlk60761417][bookmark: _Hlk60761535]Information of the DL AOD for other paths than the first path can also improve positioning accuracy. Especially in controlled environments like industry halls ray tracing and/or machine learning algorithms can be used to utilize such information for positioning purposes. We therefore propose that the power and the corresponding DL PRS resource ID is reported also for the additional paths in the RSTD and UE Rx-Tx time difference measurements. Since additional paths are more useful for such purposes the stronger they are, we propose that the UE should report the strongest detected paths as additional paths. The first path is, of course, always reported as the main path.
[bookmark: _Toc61904919]Information of the DL AOD for other paths than the first path can also improve positioning accuracy. Especially in controlled environments like industry halls ray tracing and/or machine learning algorithms can be used to utilize such information for positioning purposes.
[bookmark: _Toc61904924]The UE shall report the DL PRS Peak-RSRP and the corresponding DL PRS resource ID for each additional path in the RSTD and UE Rx-Tx time difference measurements.
[bookmark: _Toc61904925]The UE shall report the strongest detected paths as additional paths (i.e. in addition to the first path).

Conclusion
In the previous sections we made the following observations: 
Observation 1	DL PRS reference signal received power (DL PRS-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry DL PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth. This means that the DL PRS RSRP includes the total received signal energy from all propagation paths.
Observation 2	The fact that DL PRS RSRP is defined to include the total received signal power from all propagation paths and not only the power of the first path result in reduced accuracy of the DL AoD estimate.
Observation 3	Information of the DL AOD for other paths than the first path can also improve positioning accuracy. Especially in controlled environments like industry halls ray tracing and/or machine learning algorithms can be used to utilize such information for positioning purposes.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Define a DL PRS peak-RSRP measurement for the power of a specific peak in the channel impulse response of a received DL-PRS resource.
Proposal 2	Include the DL PRS peak-RSRP in the NR DL-AoD Location Information alongside the existing DL PRS RSRP measurement.
Proposal 3	DL PRS-RSRP is also present in the signal measurement reports in LPP for DL-TDOA and multi RTT. Also here, the DL PRS peak-RSRP should be included alongside the existing DL PRS RSRP measurement.Include the DL PRS peak-RSRP in the NR DL-TDOA and in the NR multi-RTT Location Information alongside the existing DL PRS RSRP measurement.
Proposal 4	Include the DL PRS peak-RSRP in the NR DL-TDOA and multi RTT Location Information alongside the existing DL PRS RSTD measurement.
Proposal 5	The UE shall report the DL PRS Peak-RSRP and the corresponding DL PRS resource ID for each additional path in the RSTD and UE Rx-Tx time difference measurements.
Proposal 6	The UE shall report the strongest detected paths as additional paths (i.e. in addition to the first path).
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