3GPP TSG RAN WG1 Meeting #106bis-e	R1-2108732
e-Meeting, October 11th – 19th, 2021

Agenda Item:	8.5.3
Source:	Huawei, HiSilicon
Title:	Remaining issues of DL AoD enhancements
[bookmark: _GoBack]Document for:	Discussion and Decision 


Introduction
In this paper, we discuss the DL-AoD enhancements on the following aspects
First path RSRP measurement
Adjacent beams for DL-AoD
DL-AoD angle calculation enhancements
Expected Rx angle indication for UE

First path RSRP measurement
In RAN1#106-e [1], we made the following agreement with regard to the first path power reporting for DL-AoD.
	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.



There was heated discussion on how first path RSRP should be measured and reported with “normalization”.
By taking the IFFT operation into account, one can write the channel impulse response for a delay  as follows:

Normally the IFFT operation generates the time domain discrete sampling of the channel impulse response, but that may not be aligned with the path delay. On the other hand, the above equation may still hold valid any arbitrary delay , which can be any real number corresponding to the estimated TOA of the path.
The normalization factor  may also need to be scaled so that the PRS-RSRP is not relevant to the FFT size, since in TS 38.215, PRS-RSRP definition is based on the average Rx EPRE [2]. It is somehow independent from the PRS measurement bandwidth, and also independent from the UE baseband processing algorithm, e.g. FFT size.
	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



For the two options in the previous agreement, in our understanding, they are not fundamentally contradictory with each other, but describe the measurement at different level of detail. A wayforward to combine the two options , by taking into account normalization, would be to modify the above IFFT equation as below

where
 is the set of the RE index that carries the DL PRS reference signals within the configured measurement frequency bandwidth.
 is the channel frequency response at RE index 
 is the path delay, which can be a real number (not limited to integer number)
 is the delay- compensated channel frequency response, defined as 
The path RSRP corresponding to delay  could be the power of , which is linear average of the delay- compensated channel frequency response.
With this, the path RSRP is normalized to the existing PRS-RSRP, and is independent from the PRS measurement bandwidth, and UE FFT size.
Proposal 1:  Adopt the following definition of path DL PRS-RSRP measurement
Path DL PRS-RSRP of delay-D is the power (in [W]) of the linear average of the delay-D compensated channel frequency response of the resource elements that carry DL PRS reference signals configured for path DL PRS-RSRP measurement within the configured with measurement frequency bandwidth.

When RSRP is defined, there is always special handling on the receiver diversity. The existing PRS-RSRP is always reported on the receiver branch that outputs the maximum PRS-RSRP. When it is extended path specific RSRP, the existing reporting based on the maximum value across all Rx branches may not be quite useful. For example,
If the path-RSRP is not measured with the same Rx branch for multiple DL PRS resources, the path RSRP may not be valid for deriving DL-AoD.
More generally, if the path-RSRP is extended to additional paths, all the path RSRPs associated with a DL-PRS resource ID should be derived based on the same Rx branch.
As discussed in our companion contribution [3], when the path RSRP is extended to UL SRS-RSRP and gNB is equipped with multiple Rx antennas to form an array, the path RSRP is defined on each antenna connector for type 1-C base station. Reporting the highest path RSRP among Rx branches/Rx antennas would prevent gNB from using spatial domain filtering to suppress additional path.
Therefore, it is suggested to further consider how path RSRP is reported when receiver diversity is in use. The Rx branch ID reporting should be the starting point, similar to Rx beam index introduced in Rel-16.
Proposal 2:  For path DL PRS-RSRP measurement reporting, when receiver diversity is in use, at least consider additionally reporting the Rx branch ID to identify whether different path DL PRS-RSRP measurements are associated with the same Rx branch.

Adjacent beams for DL-AoD
In RAN1#106-e, there was discussion on defining adjacent beam assistance information, with the following alternatives.
	Proposal 3.1e.
For UE-assisted DL-AOD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting, the LMF indicates in the assistance data (AD) for each PRS resource, a subset of PRS resources which indicates the beam information for the purpose of prioritization of DL-AOD measurement and reporting:
· Subject to UE capability, a UE may include the RSRPs for the subset of the PRS in the DL-AoD additional measurements if RSRP of the associated PRS is reported in nr-DL-PRS-RSRP-Result.
· The subset associated with a PRS resource can be in a different PRS resource set than the PRS resource
· FFS: Details on the subset of PRS resources
· FFS: the impact of processing the subset of PRS resources
· FFS: Subject to UE capability, a UE may include the RSRPs for the subset of the PRS in the DL-AoD additional measurements if RSRP of the associated PRS is reported in nr-DL-PRS-RSRP-Result.
· Note: This does not imply any restriction on UE measurement 
Proposal 3.2:  
For UE-assisted DL-AOD positioning method, the LMF can include boresight direction information for each PRS resource in the assistance data.  



There was also follow-up email discussion during [106-e-NR-ePos-03] with the concern of supporting Proposal 3.1e [4], on which we would like to clarify our understanding.
First of all, this is not over-specifying UE behaviour. For UE assisted positioning, network would expect something “predictable” from the UE, since the behaviour is considered beneficial from network perspective. The subset indication is not mandating UE to do anything, but can be considered as network recommendation on the selection of RSRP reporting for DL-AoD.
Second, providing only boresight information leaves everything with UE implementation. Providing such information with potential risk of disclosing gNB beam implementation without any specification impact on the UE lacks justification. Companies may argue that network should trust UE on the choice, however, if boresight direction is to be provided to the UE, it would require UE to prepare for any potential boresight combinations between different PRS resources from a TRP, which complicates the whole procedure of determining the “adjacent beam”.
Third, providing the boresight direction information restricts the gNB beam implementation. For example, linear array, differential beam coefficients, multi-peak beam coefficients (larger antenna spacing), etc. cannot be represented. It was also argued in DL-AoD angle calculation enhancements that the DFT beam would be restrictive, which is also valid here.
Based on the above reasoning, we believe proposal 3.1e should be adopted.
Proposal 3:  For UE-assisted DL-AOD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting, the LMF indicates in the assistance data (AD) for each PRS resource, a subset of PRS resources which indicates the beam information for the purpose of prioritization of DL-AOD measurement and reporting:
Subject to UE capability, a UE may include the RSRPs for the subset of the PRS in the DL-AoD additional measurements if RSRP of the associated PRS is reported in nr-DL-PRS-RSRP-Result.
The subset associated with a PRS resource can be in a different PRS resource set than the PRS resource.
FFS: Details on the subset of PRS resources.
FFS: the impact of processing the subset of PRS resources.
FFS: Subject to UE capability, a UE may include the RSRPs for the subset of the PRS in the DL-AoD additional measurements if RSRP of the associated PRS is reported in nr-DL-PRS-RSRP-Result.
Note: This does not imply any restriction on UE measurement.

DL-AoD angle calculation enhancements
In RAN1#106-e [1], we made the following agreement on DL-AoD angle calculation enhancement.
	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



We think that Option 2.2 offers a more generalized solution that matches the UE RSRP report. 
The restrictiveness of Option 2.1 relies on the same normalization factor of the radiated power across the spatial domain for a single DL-PRS, which may not be easy to obtain in the field. For example, the radiated power can be tested in multiple reception points, but the reception power relies on the pathloss that is associated with the distance between the antenna reference point and the testing point.
For DL-AoD, UE is located at a certain angle and measures multiple PRS on that angle. UE reports the multiple RSRP (path RSRP) to the LMF, and LMF uses the beam information to find the angle whose resource-power pattern best matches the UE report. Option 2.2 is aligned with the UE reporting, i.e. the information is provided on the dimension of resource-power for each angle.
Based on the above reasoning, we think Option 2.2 should be adopted.
For the FFS, it can follow the existing differential RSRP measurement reporting; in fact the beam pattern can even be obtained via a mobile PRU. The quantization may follow the differential PRS-RSRP reporting, and refinement can be discussed.
For the overhead reduction, associated-dl-PRS-ID can be used.
Proposal 4:  For DL-AoD angle calculation enhancements, the gNB reports the quantized version of the relative power between PRS resources per angle per TRP.
The quantized relative power follow the mapping of differential RSRP.

Expected Rx angle indication for UE
In RAN1#104bis-e [5], we reached the agreement regarding DL-AoD angle search window.
	Agreement:
· For the purpose of both UE-B and UE-A DL-AoD, and with regards to the support of AOD measurements with an expected uncertainty window, study further whether to support at most one of the following options:
· Option 1: Indication of expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) range(s) is signaled by the LMF to the UE
· Single Expected DL-AoD/ZoD and uncertainty (of the expected DL-AoD/ZoD value) range(s) can be provided to the UE for each [TRP]
· Option 2: Indication of expected DL-AoA/ZoA value and uncertainty (of the expected DL-AoA/ZoA value) range(s) is signaled by the LMF to the UE 
· Single Expected DL-AoA/ZoA and uncertainty (of the expected DL-AoA/ZoA value) range(s) can be provided to the UE for each [TRP]
· Option 3: Indication of expected AoD/ZoD or AoA/ZoA value and uncertainty is not introduced.
· FFS: details of signaling
· FFS: Applicability of this agreement to other Positioning methods



For IIoT case in Rel-17, the UE may not be inside a mobile phone, but could be on an AGV, a robotic arm, etc, which can have its orientation/bearing information. The incoming angle information defined in GCS can be transformed to the LCS by the device to properly form the Rx beam.
This can effectively reduce the PRS measurement period in case the number of the BS stations is small, e.g. 3 or 4, while in Rel-16, RAN4 assumed that UE needs to perform up to 8 Rx beam sweeping. In addition, the angle information can also help UE identify which panel to receive the corresponding PRS.
Observation 1: To assist UE to perform the Rx beamforming and select the Rx panel, providing DL-AoD angle search window is beneficial.

Regarding how LMF set the window, it can be either based on UE location derived from CID/E-CID, or based on best effort estimate of the UE location with other positioning methods, as shown in Figure 1.
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[bookmark: _Ref70459196]Figure 1 Illustration of Expected DL-AoA/DL-AoD based on the coarse UE location

The use of DL-AoA/ZoA and DL-AoD/ZoD can be equivalent, given that we have


However, the angle information is for the purpose of UE selecting the Rx beam, and using the angle from UE perspective is rather straightforward, and thus we prefer to adopt Option 2.
Proposal 5: Support indication of expected DL-AoA/ZoA value and uncertainty (of the expected DL-AoA/ZoA value) range(s) is signaled by the LMF to the UE 
· Single Expected DL-AoA/ZoA and uncertainty (of the expected DL-AoA/ZoA value) range(s) can be provided to the UE for each [TRP]
· Note: This is also applicable to DL-TDOA and Multi-RTT methods.

Conclusion
In this contribution, we have the following observations and proposals regarding DL-AoD enhancement in Rel-17.
Observation 1: To assist UE to perform the Rx beamforming and select the Rx panel, providing DL-AoD angle search window is beneficial.
Proposal 1:  Adopt the following definition of path DL PRS-RSRP measurement
Path DL PRS-RSRP of delay-D is the power (in [W]) of the linear average of the delay-D compensated channel frequency response of the resource elements that carry DL PRS reference signals configured for path DL PRS-RSRP measurement within the configured with measurement frequency bandwidth.
Proposal 2:  For path DL PRS-RSRP measurement reporting, when receiver diversity is in use, at least consider additionally reporting the Rx branch ID to identify whether different path DL PRS-RSRP measurements are associated with the same Rx branch.
Proposal 3:  For UE-assisted DL-AOD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting, the LMF indicates in the assistance data (AD) for each PRS resource, a subset of PRS resources which indicates the beam information for the purpose of prioritization of DL-AOD measurement and reporting:
Subject to UE capability, a UE may include the RSRPs for the subset of the PRS in the DL-AoD additional measurements if RSRP of the associated PRS is reported in nr-DL-PRS-RSRP-Result.
The subset associated with a PRS resource can be in a different PRS resource set than the PRS resource.
FFS: Details on the subset of PRS resources.
FFS: the impact of processing the subset of PRS resources.
FFS: Subject to UE capability, a UE may include the RSRPs for the subset of the PRS in the DL-AoD additional measurements if RSRP of the associated PRS is reported in nr-DL-PRS-RSRP-Result.
Note: This does not imply any restriction on UE measurement.
Proposal 4:  For DL-AoD angle calculation enhancements, the gNB reports the quantized version of the relative power between PRS resources per angle per TRP.
The quantized relative power follow the mapping of differential RSRP.
Proposal 5: Support indication of expected DL-AoA/ZoA value and uncertainty (of the expected DL-AoA/ZoA value) range(s) is signaled by the LMF to the UE 
· Single Expected DL-AoA/ZoA and uncertainty (of the expected DL-AoA/ZoA value) range(s) can be provided to the UE for each [TRP]
· Note: This is also applicable to DL-TDOA and Multi-RTT methods.
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