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[bookmark: _Ref513464071]Introduction
In RAN #91-e, the following objective was included in WID for NR ePOS [1].
	· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]


 In this contribution, reporting enhancements related to multipath/NLOS mitigations are discussed and proposals are made.
Information reporting from UE and gNB 
Enhanced reporting of RSRP
In Rel. 16, the RSRP is defined as the linear average of received power in resource elements; “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.” [2] 
In multipath channels, channels become frequency selective and the PRS RSRP may change across frequencies. Thus, averaging across frequencies may not provide sufficient information for the network to determine characteristics of the multipath channel. Therefore, RSRP reporting with predefined granularity will provide the LMF frequency response of the channel and may aid the LMF to configure optimum PRS parameters. Granularity in the reported RSRP, i.e., the unit the UE averages received power, can be at RB-level, or N continuous RBs, preferably configurable by the LMF. 
In addition, the additional paths reporting is defined as follows in TS 37.355 [3].
NR-AdditionalPathList-r16 ::= SEQUENCE (SIZE(1..2)) OF NR-AdditionalPath-r16

NR-AdditionalPath-r16 ::= SEQUENCE {
	nr-RelativeTimeDifference-r16	CHOICE {
				k0-r16					INTEGER(0..16351),
				k1-r16					INTEGER(0..8176),
				k2-r16					INTEGER(0..4088),
				k3-r16					INTEGER(0..2044),
				k4-r16					INTEGER(0..1022),
				k5-r16					INTEGER(0..511),
				...
	},
	nr-PathQuality-r16				NR-TimingQuality-r16					OPTIONAL,
	...
}
According to the specified values in TS 38.211 [4], Tc=1/(480kHz*4096)= 5.0863e-10 sec and the maximum relative time difference between the first and second path is 8175*Tc=4.16e-06. For 15kHz SCS, the duration of normal CP (cyclic prefix) is approximately 4.69us so the maximum relative time difference is within the CP duration. However for 30kHz SCS and SCS values above 30kHz, in some cases, the second path and beyond may arrive beyond the normal CP length, causing inter-symbol interference. Thus, RSRP reporting with finer granularity is informative only if all additional paths observed by the UE are received within the normal CP. Thus for both timing and angle based positioning methods, the following proposal is made to assist the LMF to configure an optimal positioning methods for frequency selective channels. 
Proposal 1: Support RSRP reporting with configured granularity of RSRP for timing/angle based solutions when additional paths observed by the UE are received within the cyclic prefix
Reporting related to spatial information


[bookmark: _Ref71535189]Figure 1 Illustration of a multipath channel
Illustrations of multipath channels are show in Figure 1. In each figure, it is illustrated that depending on the beamwidth the UE may observe different characteristics of the channel. In the example illustrated in the right subfigure in Figure 1, the UE may observe multiple copies of the transmitted PRS  arriving from different angles which may create uncertainties in AoD of the DL-PRS beam. To identify uncertainty caused by the mutipath channel, it will be beneficial for the UE to receive expected and uncertainty related to the DL beam AoD. Such information will be useful for the UE to determine an optimum Rx beam or range of Rx beams to receive the DL PRS. It should be noted that a similar proposal is made in our companion contribution [5].
Proposal 2: In the presence of multipath, uncertainty and expected AoD should be transferred to the UE from the LMF for DL based techniques
Spatial relation information, SpatialRelatinInfoPos-r16, is used for Tx and Rx beam alignment purpose and configured to the UE by gNB via RRC. For multi-RTT positioning methods, spatial information can be updated to relate the reference PRS to multiple SRSp resources. For example, in the right subfigure in Figure 1, from the UE perspective, the transmitted DL-PRS beam may be associated with mulitple SRSp beams in different directions due to the presence of multiple paths. Thus, to reflect the presence of multipath in spatial information, the gNB may configure spatial relationship where multiple SRSp resources can be associated with the one PRS resource.
Proposal 3: Support spatial relationship where multiple SRSp resources can be associated with the one PRS resource
In addition, for multi-RTT, a SRSp resource is paired with a DL PRS resource to compute Rx-Tx time difference. However, in multipath channels, as illustrated in the right subfigure in Figure 1, multiple paths may be observed. Thus, for the LMF to analyze path distance for each path (including LOS and NLOS), it is beneficial for the UE to transmit SRSp in multiple spatial directions, i.e., different SRSp resources, so that the LMF can obtain multiple Rx-Tx values corresponding to different path. As the result, multiple Rx-Tx time differences can be reported by the UE corresponding to Rx-Tx between the reference PRS resource and different SRSp resource. The multiple SRSp resources the UE transmit may be derived from the enhanced SpatialRelatinInfoPos-r16, where the reference PRS is associated with multiple SRSp resources.
Proposal 4: When additional paths are observed, support multiple SRSp resources associated with the reference PRS resource to compute multiple Rx-Tx values.
Multipath mitigation for UE-based positioning
For UE-assisted positioning, measurement reports can be used to indicate the presence of multipaths through NR-AdditionalPath-r16. However, for UE-based positioning, position information returned by the UE to the LMF does not contain any indication of the presence of multiple paths in the channel. Thus, the network may not be able to determine the cause of large uncertainties in the UE position for the UE-based positioning.
Observation 1: For UE-based DL positioning, the presence of multipath is not known to the LMF
For UE-based positioning, as a mitigation of multipath or to aid the LMF, we propose that the UE indicates either presence of multipath or information related to how the position was derived. The UE could rely on the first path to determine its position. As the first path may not be reliable due to the blockage between the UE and TRP, the UE can also use the path with the strongest RSRP to derive its position. Alternatively, the UE may use all paths the UE is able to measure to determine its location information. At least how many paths the UE has used may provide insights for the LMF to determine reliability of positioning information reported by the UE.
Proposal 5: An indication of multiple paths and number of paths (e.g., first path only, all of measured paths) used to compute location information for UE based DL positioning methods should be supported
For UE-based positioning, if the UE derives multiple positioning information based on different criteria, the UE may return multiple UE positioning information to the LMF. For example, one positioning information may be derived based on the first path and another positioning information may be derived based on the strongest RSRP path which could be different path from the first path.
Proposal 6: Support reporting of multiple positing information derived based on different criteria for UE-based DL positioning methods
Conclusion
The following observation and proposals are made in this contribution:
Observation 1: For UE-based DL positioning, the presence of multipath is not known to the LMF
Proposal 1: Support RSRP reporting with configured granularity of RSRP for timing/angle based solutions when additional paths observed by the UE are received within the cyclic prefix
Proposal 2: In the presence of multipath, uncertainty and expected AoD should be transferred to the UE from the LMF for DL based techniques
Proposal 3: Support spatial relationship where multiple SRSp resources can be associated with the one PRS resource
Proposal 4: When additional paths are observed, support multiple SRSp resources associated with the reference PRS resource to compute multiple Rx-Tx values.
Proposal 5: An indication of multiple paths and number of paths (e.g., first path only, all of measured paths) used to compute location information for UE based DL positioning methods should be supported
Proposal 6: Support reporting of multiple positing information derived based on different criteria for UE-based DL positioning methods
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