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1 Introduction
At RAN1 #106-e meeting, the following agreements were reached with regards to this sub-agenda:
	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

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.

Agreement:
· For UE-A DL-AOD, support reporting more than 8 DL PRS RSRP measurements per TRP.
· Note: Multiple RSRPs corresponding to same or different Rx Beam index should be able to be reported for a given PRS resource for different timestamps. 
· FFS: Limit the maximum number of DL PRS RSRP associated with the same Rx beam index

R1-2108646	LS on beam/antenna information for DL AOD in NR positioning	RAN1, Ericsson



In this paper, we present our views on potential enhancements related to enhancements on DL-AoD positioning.
2 gNB Beam/Antenna Assistance Data 
In the previous meeting (RAN1#106e), the following agreement was reached with regards to 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



In our contribution at the last meeting, we showed that using a simple scheme of quantizing the beam responses, one can determine that good performance can be achieved using relatively reasonable overhead levels. In the previous contribution, we provided our thoughts and simulation results for the following 2 methods:
· Alt. 1: Quantize uniformly the Angular domain and provide the relative RSRP for each angle
· Alt. 2: Quantize uniformly the relative beam gains, and provide the angle(s) that correspond for each relative beam gains. 

Note that both the above alternatives are two different quantization approaches that both correspond to Option 2.1 in the above agreement from RAN1#106e, as they both represent the Power/Angle response of a single PRS resource. An additional option was added to be evaluated, denoted as Option 2.2, in which the power of each PRS resource at a given angle is expressed not relative to the peak power across all angles for that resource, but rather relative to the peak power at that angle across all PRS resources. To elaborate on this, denote the Power/Angle response for PRS resource index i as  for angle A.
· Option 2.1 specifies   in dB for each , for a set of angles A.

· Option 2.2 specifies   in dB for each , for a set of angles A. 

From this, it is evident that the signaling overhead in both schemes is fairly comparable, because both involve reporting powers in dB over a grid of (A,i) combinations. However, both options are missing some information. 
· In Option 2.1, the beam shape as a function of angle is conveyed well for each resource, but the relative beam strengths across resources is not clear. This would be needed to be added by also indicating the values – one per resource i – relative to their maximum. If all the beams always had the same peak maximum, then this information might not be needed, but in many deployments of interest, this may not be the case. 
· In Option 2.2 the relative beam-strengths amongst the PRS resources at each angle are provided, but the beam-shape for each specific resource cannot be inferred because the variation across A of the quantity   is not known. This could be clarified by also indicating the  values – one per angle A – relative to their maximum. 
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Which option among these would result in lower additional overhead will in general depend on whether there are more resources i or more angles A, however, in either case, this additional overhead is a vector of numbers (across indices i or across angles A) as opposed to a ‘matrix’ for a grid of (A,i) pairs, and thus will not be a significant additional overhead. 

The maximum number of resources per PRS resource set is 64, whereas, it is expected that in several scenarios where high accuracy is required, larger number of angles would need to be provided (note that this may need to be across both angular domains). Therefore, it is expected that the vector containing the  elements for each PRS resource , will have fewer numbers (e.g., up to 64 values) than the vector containing the  for each angle A (e.g. every 2 degree in both azimuth domain for a span of 120 degrees and zenith for a span of 20 degrees will be 60*10 = 600 angles). 

Proposal 1: For beam-shape signaling, include additional signaling to allow a full comparison of beam strengths across angles and PRS resources. 
· For Option 2.1: also report the peak strength across angles for each resource, relative to the peak of this quantity across all resources
· A normalized version of the vector where N is the number of PRS resources of the TRP

· For Option 2.2: also report the peak strength across resources for each angle, relative to the peak of this quantity across all angles.
· A normalized version of the vector where K is the number of angles in the set A.

It may be further noted that Option 2.2 requires beam-shapes of all resources to use the same set of angles A, whereas Option 2.1 does not have this constraint. 

Observation 1: Option 2.2 requires beam-shapes of all resources to use the same set of angles A, whereas Option 2.1 does not have this constraint.

We also think it is intuitively clearer – expressing beam-shape for each resource, and relative beam-strengths across resources. Hence we propose this option.

Proposal 2: Support Option 2.1 of proposal 1 rather than Option 2.2.

An additional issue that needs to be finalized is signaling/quantization details of the beam information report. First, it should be evident that there should be some freedom for different TRP implemenations to quantize the beam information with different granularity. The same specification shall be used for many different deployments (FR1, FR2, indoor, outdoor, massive MIMO, etc), and it is expected that different needs and requirements may exist in different cases.  
[bookmark: _Hlk40375026]
Proposal 3: Introduce more than one levels of quantization for the beam information to trade-off beam representation accuracy and overhead. For Option 2.1 support at least the following cases:
· Case 1: Configuration of one or more uniform grids in azimuth and zenith using the following parametrization per grid:
· Azimuth: (), 
· Zenith: () 
 where  and  can at least take the values {0.5, 1, 2, 5} degrees. 
· Case 2: Explicit configuration of ( for each reported power value for each PRS resource

Much of the overhead is related to the fact that the network needs to provide this information for all the TRPs. However, if the information corresponds to the LCS relative Power/Angle response, it is very likely that several TRPs in the field  will have similar responses and therefore avoid sending repetitive information. Actually, such a concept has already been introduced in NR Rel-16 for the BeamInformation using the following IE:

	associated-dl-PRS-ID
This field specifies the dl-PRS-ID of the associated TRP from which the beam information is adopted. The beam information from the associated TRP is considered to be in GCS if the lcs-gcs-translation-parameter field is not provided, and to be in LCS if the lcs-gcs-translation-parameter field is provided. If the field is omitted, the beam information is provided via the dl-prs-BeamInfoSet field.

	



Proposal 4: Reuse the associated-dl-PRS-ID as a way of signaling that 2 TRPs have the same beam information and reduce the overhead of sending repetitive beam patterns across TRPs.
3 Additional Measurements for DL-AoD: Earliest-Path RSRP
The following agreement was achieved with regards to introducing an additional measurement 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.



The main difference between Option 1 and Option 2 is the fact that Option 2 explicitly states that there shall be a time duration that corresponds to a given path delay that the UE uses to accumulate the received power in order to measure the path RSRP. We consider this being an implementation detail that is not required to be added in the definition. The definition in 38.215, tend to abstract out such implementation details, and we prefer to keep it this way for this measurement definition also. 

Proposal 5: For the measurement & signaling of the path RSRP, support Option 1.

Proposal 6: Signaling details of the path RSRP report: The UE shall report the relative ratio of the power of the path over the total RSRP of the PRS resource using the following format:
· Maximum value is 0 dB
· Minimum value: [-30] dB
· Step size: [0.5] dB
4 Expected DL-AoD Assistance Data for UE-A/UE-B DL-AoD

In the previous meeting, the following agreement was made with regards to expected AoA enhancements:

	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



It is natural, for both UE-A and UE-B DL-AoD, a similar assistance information to be provided to the UE as explained below:
· In either UE-A or UE-B, it will help the UE to narrow down which PRS resources should be measured and avoid any big inconsistencies which could arise from multipath being received from non-consistent AoDs. 
For UE-A, the expected-DL-AoD will be useful to the UE, only if additional assistance data (boresight directions of each PRS resource) is also provided to the UE. Note that in NR Rel-16, the boresight directions of each PRS resource are only provided for UE-B and not UE-A. 

Proposal 7: With regards to expected Angle of Departure, support Option 1 with the following signaling details: 
· Expected azimuth angle of departure as (φAOD - ΔφAOD/2, φAOD + ΔφAOD/2)
· φAOD - expected azimuth angle of departure, ΔφAOD – uncertainty range for expected azimuth angle of departure
· Expected zenith angle of departure as (θAOD - ΔθAOD/2, θAOD + ΔθAOD/2)
· θAOD - expected zenith angle of departure ΔθAOD – uncertainty range for expected zenith angle of departure
6 Prioritization of Assistance Data for DL-AoD
In a previous meeting the following agreement was made with regards to identifying “adjacent” PRS resources. 

	Agreement:
For UE-assisted DL-AOD positioning method, study the following options to enable the UE to measure/report a PRS resource with an additional, adjacent PRS resources measurement/report:
· Option 1: UE can be requested to measure and report on specific PRS resources 
· Option 2: Enhancing the assistance data to identify adjacent beams
· Option 3: Enhancing the reporting to include the measurements of adjacent beams
· FFS: Detailed signaling and procedure
· FFS: How to define adjacent beams
· Note: Depending on the discussion results, none/one/multiple of above options may be adopted in Rel-17

Agreement:
For UE-assisted DL-AOD positioning method, select one or more of the following to enhance the signaling to the UE for the purpose of PRS resource(s) measurement and reporting:
· Option 1: the LMF explicitly identify adjacent beams in the assistance data (AD)
· Option 2: the LMF send the beam information in the AD with an order of priority of PRS resources.  
· Option 3: the LMF includes boresight direction information for each PRS resource in the assistance data. 
· Option 4: the LMF send the beam information in the AD with indicated subset of PRS resources.
· FFS: Detailed signaling and procedure
· FFS: How to define adjacent beams  



The overall topic is more general than just identifying “adjacent” PRS resources. It is related to the fact that, in NR Rel-16, the LMF cannot provide a prioritization of measurements of PRS resources to the UE. As a reminder, we only have set-based prioritization and TRP-based prioritization in the assistance data:

	Within a positioning frequency layer, the DL PRS resources are sorted in the decreasing order of priority for measurement to be performed by the UE, with the reference indicated by nr-DL-PRS-ReferenceInfo being the highest priority for measurement, and the following priority is assumed:
-	Up to 64 dl-PRS-IDs of the frequency layer are sorted according to priority;
-	Up to 2 DL PRS resource sets per dl-PRS-ID of the frequency layer are sorted according to priority.



We should enable the LMF to send to the UE a prioritization of processing of PRS resources, and leave it up to implementation, whether this prioritization is related to “adjacency” of PRS resources to the expected DL-AoD, or any other metric. Therefore, we make the following proposal

Proposal 8: With regards to PRS resource Prioritization for DL-AoD measurements, support LMF providing in the assistance data support both of the following options:
· Opt. 3: Boresight direction of each PRS resource (already supported for UE-B, but not for UE-A)
· Opt. 2: Prioritization information (e.g. prioritization based on the ordering in the PRS resource set as was discussed during NR Rel-16). 
7 Increased number of RSRP measurements in a report
In the previous meeting the following agreement was made with regards to identifying “adjacent” PRS resources. 

	Agreement:
· For UE-A DL-AOD, support reporting more than 8 DL PRS RSRP measurements per TRP.
· Note: Multiple RSRPs corresponding to same or different Rx Beam index should be able to be reported for a given PRS resource for different timestamps. 
· FFS: Limit the maximum number of DL PRS RSRP associated with the same Rx beam index



Regarding the FFS item on potentially limiting the maximum number of RSRPs associated with the same Rx beam index, we don’t see any motivation for introducing such a limit. The UE should be free to report as it sees best. In particular, it may measure all PRS resources with the same Rx beam, and adding such a limit would unnecessarily restrict this option. 

Proposal 9: For UE-A DL-AOD, do not introduce a limit on maximum number of DL PRS RSRPs associated with the same Rx beam index.

In FR2, a set can have up to 64 PRS resources in a set, so we suggest to increase the maximum number that a UE can report to 64 RSRP measurements. 

Proposal 10: For UE-A DL-AOD, support reporting up to [64] DL PRS RSRP measurements per TRP.
1. Conclusions
Overall, we make the following Observations and proposals related to DL-AoD Enhancements:
 Proposal 1: For beam-shape signaling, include additional signaling to allow a full comparison of beam strengths across angles and PRS resources. 
· For Option 2.1: also report the peak strength across angles for each resource, relative to the peak of this quantity across all resources
· A normalized version of the vector where N is the number of PRS resources of the TRP
· For Option 2.2: also report the peak strength across resources for each angle, relative to the peak of this quantity across all angles.
· A normalized version of the vector where K is the number of angles in the set A.

Observation 1: Option 2.2 requires beam-shapes of all resources to use the same set of angles A, whereas Option 2.1 does not have this constraint.

Proposal 2: Support Option 2.1 of proposal 1 rather than Option 2.2.

Proposal 3: Introduce more than one levels of quantization for the beam information to trade-off beam representation accuracy and overhead. For Option 2.1 support at least the following cases:
· Case 1: Configuration of a uniform grid in azimuth and zenith using 6 parameters for all the PRS resources of a TRP:
· Azimuth: (), 
· Zenith: () 
 where  and  can at least take the values {0.5, 1, 2, 5} degrees. 
· Case 2: Explicit configuration of ( for each reported power value for each PRS resource

Proposal 4: Reuse the associated-dl-PRS-ID as a way of signaling that 2 TRPs have the same beam information and reduce the overhead of sending repetitive beam patterns across TRPs.

Proposal 5: For the measurement & signaling of the path RSRP, support Option 1.

Proposal 6: Signaling details of the path RSRP report: The UE shall report the relative ratio of the power of the path over the total RSRP of the PRS resource using the following format:
· Maximum value is 0 dB
· Minimum value: [-30] dB
· Step size: [0.5] dB

Proposal 7: With regards to expected Angle of Departure, support Option 1 with the following signaling details: 
· Expected azimuth angle of departure as (φAOD - ΔφAOD/2, φAOD + ΔφAOD/2)
· φAOD - expected azimuth angle of departure, ΔφAOD – uncertainty range for expected azimuth angle of departure
· Expected zenith angle of departure as (θAOD - ΔθAOD/2, θAOD + ΔθAOD/2)
· θAOD - expected zenith angle of departure ΔθAOD – uncertainty range for expected zenith angle of departure

Proposal 8: With regards to PRS resource Prioritization for DL-AoD measurements, support LMF providing in the assistance data support both of the following options:
· Opt. 3: Boresight direction of each PRS resource (already supported for UE-B, but not for UE-A)
· Opt. 2: Prioritization information (e.g. prioritization based on the ordering in the PRS resource set as was discussed during NR Rel-16). 

Proposal 9: For UE-A DL-AOD, do not introduce a limit on maximum number of DL PRS RSRPs associated with the same Rx beam index 

Proposal 10: For UE-A DL-AOD, support reporting up to [16] DL PRS RSRP measurements per TRP.
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7 Appendix
Simulation Results with a 4-TRP Example & CDL-E channel for different Beam response Uncertainties
In order to determine the sensitivity to the beam information mismatch of the DL-AoD method we use a toy example with good geometry so that we determine, even in good conditions how much performance degrades. The scenario is shown below:  
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In the following figure, we compare the AoD Error for different beam information uncertainty: An uncertainty of [-X,X] dB corresponds to a random perturbation that has been added in each (Angle, Beam-gain) element in the beam information database using a truncated gaussian random variable. 
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