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Introduction
The RAN WG1 agreed to support the DL-AOD enhancements that enable a gNB to share beam/antenna information with the LMF for UE-assisted positioning method and with the UE for UE-based positioning method.
The reporting format for the gNB beam/antenna information was discussed at the previous meeting and the following agreement has been achieved, [1]:
	Agreement:
For the beam/antenna information to be optionally provided to the LMF by the gnodeB, decide to support one of the following options:
· Option 2.1: The gNB reports quantized version of the relative Power/Angle response per PRS resource per TRP	
· The relative power is defined with respect to the peak power of that resource
· FFS: How many relative power levels can be included (e.g., single -3 dB power-levels, multiple power-levels, etc). 
· Option 2.2: The gNB reports quantized version of the relative Power between PRS resources per angle per TRP.
· The relative power is defined with respect to the peak power in each angle
· For each angle, at least two PRS resources are reported.
FFS: support of multiple levels of quantization
FFS: how the report is constructed
FFS: overhead reduction mechanisms, including reusing of associated-dl-PRS-ID as a way of signaling that 2 TRPs have the same beam information
The gNB beam/antenna information can optionally be provided to the UE by the LMF 
Note: Up to RAN2 & RAN3 the signaling/procedures on how the LMF receives this information from the gNBs
•	Send an LS to RAN2 & RAN3 with this agreement



In addition to that the path DL PRS RSRP reporting format and definition was discussed, and the following agreement has been captured in the chairman’s notes, [1]:
	Agreement:
For definition of the path PRS RSRP, consider the following options until RAN1#106b-e:
· Option 1: the measured path PRS RSRP correspond to the power of the channel impulse response, at a certain path delay, over which the DL PRS is received. 
· Option 2: the path PRS RSRP correspond to the accumulated power of the channel impulse response over which the DL PRS is received, over a time duration corresponding to the given path delay 
· FFS: whether/how is the window conveyed to the UE (i.e., fixed in specification or configured in measurement request or determined by the UE)
FFS on relationship with the UE DL PRS measurement bandwidth.
FFS: normalization of the path RSRP measurement with DL PRS RSRP (i.e. RSRP for all path as defined in Rel-16) could be included in the measurement definition. 
FFS: Further details of the definition, e.g. definition of the certain path delay
Up to RAN4 to define any test/requirement for the measurement.



In this contribution we provide our view on the gNB beam/antenna information reporting and the definition of the DL PRS RSRP per path. 

Accuracy Improvements for DL-AOD Positioning Solutions
[bookmark: _Hlk53490318]Beam/Antenna Information Reporting
The DL-AOD enhancements that enable a gNB to report beam/antenna information to the LMF for UE-assisted positioning and to the UE for UE-based positioning methods were discussed at the previous meeting and the following agreement has been captured in the chairman’s notes, [1]:
	Agreement:
For the beam/antenna information to be optionally provided to the LMF by the gnodeB, decide to support one of the following options:
· Option 2.1: The gNB reports quantized version of the relative Power/Angle response per PRS resource per TRP	
· The relative power is defined with respect to the peak power of that resource
· FFS: How many relative power levels can be included (e.g., single -3 dB power-levels, multiple power-levels, etc). 
· Option 2.2: The gNB reports quantized version of the relative Power between PRS resources per angle per TRP.
· The relative power is defined with respect to the peak power in each angle
· For each angle, at least two PRS resources are reported.
· FFS: support of multiple levels of quantization
· FFS: how the report is constructed
· FFS: overhead reduction mechanisms, including reusing of associated-dl-PRS-ID as a way of signaling that 2 TRPs have the same beam information
· The gNB beam/antenna information can optionally be provided to the UE by the LMF 
· Note: Up to RAN2 & RAN3 the signaling/procedures on how the LMF receives this information from the gNBs
•	Send an LS to RAN2 & RAN3 with this agreement



Two options have been considered, including options 2.1 and 2.2. 
In option 2.1 the gNB reports a quantized version of the relative power/angle response for a given PRS Resource and TRP. The relative power is defined with respect to the peak power of the PRS Resource. 
In option 2.2 the gNB reports a quantized version of the relative power between at least two PRS Resources for a given angle and TRP. The relative power is defined with respect to the peak power of each angle. 
The total number of relative power levels, the power levels resolution and the structure of beam/antenna information report are open for further study. 

We propose to support option 2.1 for gNB beam/antenna information reporting. 
In this contribution we suggest a uniform sampling of the azimuth angle φ in the spatial sector ΔΦ and the zenith angle θ in the spatial sector ΔΘ. Both sectors ΔΦ and ΔΘ are introduced with respect to the DL PRS boresight direction defined by the azimuth angle φb and the zenith angle θb, respectively. 
For the sampling set of the azimuth and zenith angles {φi, θj, i = 0, 1, …, N-1; j = 0, 1, …, M-1} we suggest introduction of quantized power levels to represent P(φi, θj) taken in dB scale with respect to the peak power value of the DL PRS Resource. The quantization scheme based on the uniform quantization of the amplitude in the linear scale and corresponding non-uniform quantization of the power levels in the decibel scale is proposed. 

Azimuth and Zenith Angle Sampling
The azimuth angle φ is defined in the spatial sector ΔΦ as follows:
	
,
	(1)


where ΔΦ is the spatial sector width and Δφ is the spatial sector resolution defined in deg. The sampled version of the azimuth angle φi is introduced in a form:
	
,
	(2)


with a total number of samples per spatial sector equal to N + 1.
The zenith angle θ is defined in the spatial sector ΔΘ as follows:
	
,
	(3)


where ΔΘ is the spatial sector width and Δθ is the spatial sector resolution defined in deg. The sampled version of the zenith angle θj is introduced in a form:
	
,
	(4)


with a total number of samples per spatial sector equal to M + 1.

Power Levels Quantization
We propose a uniform quantization of the antenna pattern in the linear scale using the following equation:
	
,
	(5)


where A(n) is the power of the nth level with the total number of levels equal to 2Nb and Nb is the number of bits used to signal the amplitude level value. The amplitude levels are uniformly distributed in the range [2-Nb, 1].

The corresponding non-uniform quantization of the power levels in the decibel scale can be written in the form:
	
,
	(6)


where PL(n) corresponds to the power of the nth level with the total number of levels equal to 2Nb and Nb is the total number of bits used to signal the power level value. 
The power levels are distributed in the range [-20×lg(2Nb) dB, 0 dB], where PL = -20×lg(2Nb) dB corresponds to the sensitivity level or the minimum value used to signal a power level and PL = 0 dB corresponds to the peak power of the DL PRS Resource. 
The choice of parameter Nb provides a trade-off between the required accuracy and signaling overhead. Figure 1 shows an example of amplitude and power levels quantization of the antenna pattern in the linear and decibel scale, respectively. 
The figures are plotted for the horizontal λ/2-spaced Uniform Linear Array (ULA). The blue line represents the antenna pattern as a continuous function of azimuth angle φ in deg sampled with resolution Δφ of 1 deg. The red line provides its quantized approximation using different number of bits Nb per quantization level. 
	[image: ]
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	(a) Linear scale, Nb = 2 bits
	(b) Decibel scale, Nb = 2 bits
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	(c) Linear scale, Nb = 3 bits
	(d) Decibel scale, Nb = 3 bits
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	(e) Linear scale, Nb = 4 bits
	(f) Decibel scale, Nb = 4 bits


[bookmark: _Ref83463593]Figure 1: Antenna pattern quantization for the 1 × 4 horizontal linear λ/2-spaced array – amplitude uniform quantization in linear scale and power non-uniform quantization in decibel scale

It can be observed, that the larger the number of Nb bits is used, the finer resolution can be achieved at the expense of the signaling overhead. 

Based on the provided considerations, we have the following proposals:


Support option 2.1 where gNB reports quantized version of the relative power corresponding to the set of the sampled azimuth and zenith angles per PRS Resource per TRP
The relative power is defined with respect to the peak power of that resource


Support uniform sampling for the azimuth angle φ in the spatial sector [-(N/2)×Δφ, +(N/2)×Δφ], defined by the parameters Δφ and N, where
Δφ is the spatial resolution, defined in deg
N +1 is the total number of samples per spatial sector
For a given azimuth angle, support uniform sampling for the zenith angle θ in the spatial sector [-(M/2)×Δθ, +(M/2)×Δθ], defined by the parameters Δθ and M, where
Δθ is the spatial resolution, defined in deg
M is the total number of samples per spatial sector


Support quantization of the power levels in the decibel scale in accordance with the following equation:
PL(n) = 20×lg(n) - 20×lg(2Nb), where PL(n) corresponds to the power of the nth level with the total number of levels equal to 2Nb 
Nb is the number of bits used to signal a power level value 
PL = 0 dB corresponds to the peak power of the PRS Resource
PL = - 20×lg(2Nb) dB corresponds to the sensitivity level or the minimum value used to signal a power level value
Nb parameter can be set as one of the following {2, 3, 4, 5, 6, 7, 8} bits
The choice of the Nb parameter provides a trade-off between the required accuracy and signaling overhead

RSRP Path Reporting
The path PRS RSRP definition was discussed at the previous meeting and the following agreement has been captures in the chairman’s notes, [1]:
	Agreement:
For definition of the path PRS RSRP, consider the following options until RAN1#106b-e:
· Option 1: the measured path PRS RSRP correspond to the power of the channel impulse response, at a certain path delay, over which the DL PRS is received. 
· Option 2: the path PRS RSRP correspond to the accumulated power of the channel impulse response over which the DL PRS is received, over a time duration corresponding to the given path delay 
· FFS: whether/how is the window conveyed to the UE (i.e., fixed in specification or configured in measurement request or determined by the UE)
· FFS on relationship with the UE DL PRS measurement bandwidth.
· FFS: normalization of the path RSRP measurement with DL PRS RSRP (i.e. RSRP for all path as defined in Rel-16) could be included in the measurement definition. 
· FFS: Further details of the definition, e.g. definition of the certain path delay
· Up to RAN4 to define any test/requirement for the measurement.



Two options for the path PRS RSRP definition have been considered, including option 1 and option 2.
In option 1, the measured path PRS RSRP corresponds to the power of the Channel Impulse Response (CIR) at the certain path delay, where the definition of the certain path delay is open for further study. 
In option 2, the measured path PRS RSRP corresponds to the accumulated power of the CIR integrated over the time window corresponding to a given path delay. It assumes that the path delay can be spread out over the multiple samples of the CIR. The time window definition and whether it is conveyed to the UE or determined by the UE itself is open for further study.
Other opens that were determined for further study include the relationship of the path delay definition to the UE DL PRS measurement bandwidth and normalization condition for the reported RSRP value. The latter assumes normalization to the total power collected over all paths as defined in Rel.16. 

We propose to support option 1 for the definition of the path PRS RSRP reporting. 
Fundamentally, the resolution that could be obtained in time domain for the CIR estimation is inversely proportional to the DL PRS measurement bandwidth. Therefore, we suggest that the certain path delay is defined as a relative time with respect to the first detected path in units of sample time duration which is inversely proportional to the measurement bandwidth and the zero delay corresponds to the time of the first detected path. 
In case if the propagated path is spread out over the number of CIR samples, then the LMF can perform power integration based on the CIR realization reported by the UE. In that case, introduction of the additional signaling for the measurement window is not strictly required / justified. 

Based on the provided considerations, we have the following proposal:


For definition of the path PRS RSRP support option 1, where the measured path PRS RSRP corresponds to the power of the channel impulse response at a certain delay path over which the DL PRS is received
The certain path delay is defined as a relative time with respect to the first detected path in units of sample time duration, which is inversely proportional to the measurement bandwidth
The certain path delay of the first detected path is equal to zero
The path RSRP measurement is normalized to the total DL PRS RSRP (RSRP of all paths as defined in Rel.16)

Conclusions
In this contribution, we provided our view on the beam/antenna information reporting format and path DL PRS RSRP definition to support accurate DL-AOD estimation. In summary, we have following list of proposals:

Proposal 1: 
Support option 2.1 where gNB reports quantized version of the relative power corresponding to the set of the sampled azimuth and zenith angles per PRS Resource per TRP
The relative power is defined with respect to the peak power of that resource

Proposal 2: 
Support uniform sampling for the azimuth angle φ in the spatial sector [-(N/2)×Δφ, +(N/2)×Δφ], defined by the parameters Δφ and N, where
Δφ is the spatial resolution, defined in deg
N +1 is the total number of samples per spatial sector

For a given azimuth angle, support uniform sampling for the zenith angle θ in the spatial sector [-(M/2)×Δθ, +(M/2)×Δθ], defined by the parameters Δθ and M, where
Δθ is the spatial resolution, defined in deg
M is the total number of samples per spatial sector

Proposal 3: 
Support quantization of the power levels in the decibel scale in accordance with the following equation:
PL(n) = 20×lg(n) - 20×lg(2Nb), where PL(n) corresponds to the power of the nth level with the total number of levels equal to 2Nb 
Nb is the number of bits used to signal a power level value 
PL = 0 dB corresponds to the peak power of the PRS Resource
PL = - 20×lg(2Nb) dB corresponds to the sensitivity level or the minimum value used to signal a power level value
Nb parameter can be set as one of the following {2, 3, 4, 5, 6, 7, 8} bits
The choice of the Nb parameter provides a trade-off between the required accuracy and signaling overhead

Proposal 4: 
For definition of the path PRS RSRP support option 1, where the measured path PRS RSRP corresponds to the power of the channel impulse response at a certain delay path over which the DL PRS is received
The certain path delay is defined as a relative time with respect to the first detected path in units of sample time duration, which is inversely proportional to the measurement bandwidth
The certain path delay of the first detected path is equal to zero
The path RSRP measurement is normalized to the total DL PRS RSRP (RSRP of all paths as defined in Rel.16)
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