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Introduction
In the approved WI [1] for positioning enhancement, the angle-based method have been recognized as one important direction to improve the positioning accuracy.
	· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1, RAN2, RAN3, RAN4]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions     



In this paper, we will discuss accuracy improvements for DL-AoD positioning solutions by using differential beamforming and by improving the reporting.
AoD measurement for first arrival path
In RAN1 #104 meeting, the following agreement was approved regarding on the first arrival path measurement for DL-AoD positioning:
	Agreement:
· For both UE-based and UE-assisted DL-AOD study the following enhancements that enable the UE to measure and report (for UE-assisted) information related to the first arriving path
· Option 1: Information corresponds to PRS-RSRP of the first arriving path
· Option 2: Information corresponds to the angle of departure of the first arriving path
· Option 3: Information corresponds to the arrival time of the first path
· Option 4: Information corresponds to phase of the CIR corresponding to the first arriving path
· Option 5: Information corresponds to received signal value (amplitude and phase of the channel estimated from the first path which can be achieved as a combination of option 1 and option 4) of the first arriving path
· FFS: Reporting of additional path to the first arriving path.
· FFS: Measurement definition details
· FFS: additional assistance data to support these enhancements
· FFS: how the “first path” is selected among PRS resources in a PRS resource set  
Note 1: Supporting multiple options as well as none of the options above is not precluded.



In Rel-16, a UE is expected to report the DL PRS-RSRP as defined in TS38.215, thus including all paths. For Rel-17, it is preferred to report, for at least some cases, the  measurements computed on the first path only since this path as a higher probability of being LOS. Thus, for backward compatibility with Rel-16 AoD positioning, an indicator in the configuration for DL-AoD to specify if the reported measurement is for the first arrival path or for all the paths is necessary. While the exact signaling is up to RAN2, the indicator may be included in IE NR-DL-AoD-MeasElement alongside with DL PRS-RSRP measurement report. If this indicator is not present, the network assumes that the measurement is performed on all paths. 
Proposal 1: The DL PLRS-RSRP can be reported for the aggregate of all paths (as defined in Rel-16) or for the first arrival path only. An indicator of whether the report includes all paths or first arrival path only is supported.
Differential beamforming based method
In a brief summary of differential beamforming based method, the different beam patterns, namely, normal (sum) beam pattern and differential beam pattern, are used by the differential beamforming technique. The normal beam uses the conventional beamforming coefficients while for differential beam pattern, the first half of coefficients are the same as that of conventional one while the other half are the opposite. After receiving the sequences with different patterns, the receiver can deduce the best transmit beam direction for transmitter according to the received signal ratio of normal beam pattern and differential beam pattern. The detailed introduction of the differential beam forming can be found in the appendix.
Differential beamforming for DL-AOD
In the normal DL-AOD based method, UE will just measure the configured DL PRS from TRPs and report the corresponding RSRP values, e.g., RSRP value corresponding to SSB index. The LMF will utilize such information and the beam angle information for each of the SSBs to calculate the position of UE.   Normally, UE needs to measure the DL beams that were transmitted in sweeping manner. The UE might also need to measure the DL signals from multiple TRPs (gNBs) to get more results in order to improve the accuracy. The time needed for the measurements will increase the latency for the positioning derivation, wheras less measurements will impact the estimation accuracy.
Observation 1: the normal DL-AOD methods may not provide good enough estimation accuracy and may have high latency.
By using the differential beamforming techniques as introduced in the appendix and as shown in Fig.1, with estimated angle error between actual direction and beam direction, and also the known beam direction information, the angle information of the actual direction can be derived.
The following aspects can be improved:
· With the continuity of the relation between ratio of received signals of normal beam and differential beam and the angle direction error, the accuracy can be guaranteed as long as the SNR level is above a certain level
· UE only need to measure a few beams (DL signals) that are transmitted with sum beam and differential beam, resulting in:
· Less resource consumption
· Less measurement overhead
· Shorter latency achieved

[image: ]
Fig.1 – illustration of differential beamforming based DL-AOD positioning solution. 

Observation 2: the differential beamforming technique is beneficial for improving DL-AOD method and better meets the positioning requirements.
Proposal 2: Support differential beamforming technique for DL-AOD positioning methods. 

Potential specification impacts for differential beamforming
In order to support the differential beamforming for DL-AOD positioning methods, the gNB should transmit the DL signals with sum beam and differential beam, with the UE receiving them with same Rx beam. Finally, UE will report the measurement outcome to the gNB (eventually LMF) for the angle (positioning) calculation. Thus, the following aspects are impacted.
PRS resource configuration
The DL signals (e.g., the PRS) transmitted by sum beam or differential beam could be TDMed or FDMed, because even with FDMed resource, the UE is only required to receive with same Rx beam , thus no additional UE capability requirement is required. In case of TDMed, although it is not necessary to keep the two DL signals resources to be consecutive, it is also not desirable to keep them too distanced as the channel condition or even directions might change during the time gap if the time gap is considerably large.
DL transmission beam indication  
One important thing is that gNB should let the UE know the differential beam based transmission is activated, so that UE knows where to receive, when to start the reception and so on. Thus, the relationship between the used beam and  the transmission occasion could be indicated to UE to facilitate better reception/measurement.
UE measurement and report
With indicated DL resource and activation of using differential beam, UE could conduct the corresponding measurement, there are several levels of measurement/calculation those UE could do as shown in the following, from the most to the least impact:
1. Report the estimated angle difference (a.k.a. the angle estimation error)., Thus UE needs to know the which resource is transmitted with normal beam and which resource is transmitted with differential beam. The UE needs to do the reception (to get the y), do the calculation of ratio and based on the relationship between ratio and angle difference (which can derived by UE or configured/indicated by gNB), the UE can find the estimated angle error.
2. Report the ratio of received signal, thus the UE just needs do the reception (to get the y), do the calculation of ratio (i.e., just know using which received signal to divide another received signal). UE does not necessarily to know which resource is using normal beam or differential beam;
3. Report the received signal value. The UE needs to just do the reception and report it.

Proposal 3: aspects of PRS resource configuration, DL transmission beam indication and UE measurement and report needs to be considered in order to support differential beamforming technique for DL-AOD positioning methods. 
Reporting in case of multiple PRSs
When the information related to first arrival path is utilized to enhance the positioning performance for Rel-16 DL-AoD, it is more desirable for UE to report the measurement corresponding to the line-of-sight (LOS) path, or at least as close as possible. When the gNB perform Tx beam sweeping, the UE may receive multiple PRS with different PRS resources corresponding to different Tx beams. Since only one Tx beam direction is corresponding to the LOS path, the UE can report the measurements associated with that single PRS resource ID. 
One question is how to determine the first arrival path for the case of multiple PRS resources. One simple way is to first detect the first arrival path for all the PRS resources in the PRS resource set, and then perform comparison between the detected results to find the unique first arrival path. Specifically, the decision mechanism is illustrated through the example of PRS resource time domain configuration shown in Figure 2. In this figure, the PRS resources with three different resource IDs are repeated in time. The repetition pattern is specified by higher-layer parameters DL-PRS-ResourceRepetitionFactor and DL-PRS-ResourceTimeGap. In this example, UE can first detect the times corresponding to first arrival paths for each  PRS resource with different resource IDs and in the different time locations. Then, the result can be determined by comparing the times of the detected first arrival paths with the starting times of the symbol containing the corresponding PRS resource. The reported measurements should correspond to the PRS resource ID for which the first arrival path has the smallest time gap relative to the starting time of the symbol containing the PRS resource.


[bookmark: _Ref66700356]Figure 2: An example of PRS resource set configuration
Proposal 4: When multiple PRS resources in a PRS resource set are received, the UE can report the measurements associated one single PRS resource ID corresponding to the identified first arrival path

Enhancement on AoD measurement and reporting
In RAN1 #104b meeting, the following agreements were reached regarding on DL-AoD positioning:
	Agreement:
Support the following enhancements under UE capability for both UE-B and UE-A DL-AOD positioning method 
· Enhancing the signaling to UE for the purpose of PRS resource(s) measurement and (for UE-A) report 
· FFS: The detailed signaling (e.g, the boresight direction for UE-A DL-AoD, further spatial information of PRS resources, processing prioritization of PRS resources)
· FFS: The following options
· Option 1: Enhancing the reporting to include the measurements of adjacent beams PRS resources that related with each other indicated by the assistance data.    
· Option 2: UE can be requested to measure and report on specific PRS resources  
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



Among above options targeting to improve the accuracy of DL-AOD, from our understanding, having the LMF requesting the UE to measure and report on specific PRS resources can significantly improve the accuracy.  One example of how this operates can be done in the following way: the LMF is aware of the gNB beam information and also maybe a rough location of UE. Thus, by requesting the UE to report for specific PRSs, the LMF can select the beams where the measurement can be done, and improve accuracy and latency of DL-AOD. From one hand, the option 2 could include what option 1 can do, by defining a rule, the LMF could ask UE to report the strongest RSRP for a PRS associated with a gNB Tx beam and also then the adjacent beams to this strongest PRS.  On the other hand, the option 2 could be developt as requesting UE to report the beams with RSRP larger than a configured threshold. By exceeding the threshold, the UE/TRP/LMF could regard that the corresponding PRSs are strong enough to be used.
Proposal 5: For DL-AoD, LMF can request UE to measure and report on specific PRS resources
· FFS: by implicit rules and/or explicit signaling
In the agreement on the support of AOD measurements with an expected uncertainty window, three options were identified for further study. In a certain level, the LMF has some side information about the UE location, and it makes sense to use it as much as possible. As for option 1 (AOD) vs. option 2 (AOA), at least option 1 seems more reasonable to be reported for UE-based and UE-assisted positioning.  Since usually the gNB/TRP may have stable beam setting for the DL PRS transmission, thus providing the AOD information of the outgoing beams gives the UE a chance to improve location accuracy. For example, once given the expected AoD range, the UE can calculate the range of AoA for DL PRS reception, then perform Rx beam sweeping within the range. In this way, with AoD, beam sweeping overhead might be reduced, and the accurate angle estimation for DL-AoD method can be determined. However, if the accurate expected AOD or the corresponding uncertainty cannot be achieved, then the option 1 and option 2 may not be useful any way.
Proposal 6: For the purpose of both UE based and UE assisted DL-AoD, the LMF can provide UE the expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) ranges if these can be accurately achieved.
Conclusion
This contribution discusses the accuracy improvements for DL-AoD positioning solutions by using differential beamforming. Observations and proposals are summarized as follows: 
Proposal 1: The DL PLRS-RSRP can be reported for the aggregate of all paths (as defined in Rel-16) or for the first arrival path only. An indicator of whether the report includes all paths or first arrival path only is supported.
Observation 1: the normal DL-AOD methods may not provide good enough estimation accuracy and may have high latency.
Observation 2: the differential beamforming technique is beneficial for improving DL-AOD method and better meets the positioning requirements.
Proposal 2: Support differential beamforming technique for DL-AOD positioning methods. 
Proposal 3: aspects of PRS resource configuration, DL transmission beam indication and UE measurement and report needs to be considered in order to support differential beamforming technique for DL-AOD positioning methods. 
Proposal 4: When multiple PRS resources in a PRS resource set are received, the UE can report the measurements associated one single PRS resource ID corresponding to the identified first arrival path.
Proposal 5: For DL-AoD, LMF can request UE to measure and report on specific PRS resources
· FFS: by implicit rules and/or explicit signaling
Proposal 6: For the purpose of both UE based and UE assisted DL-AoD, the LMF can provide UE the expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) ranges if these can be accurately achieved.
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Appendix – differential beamforming
Assume that the gNB (transmitter) equips with N transmit antennas while UE (receiver) equips with 1 receive antenna. Note that the case for other antenna configurations can be easily extended. The probing direction is . The beamforming coefficients of normal (sum) beam pattern can be written as



[image: C:\Users\samsung\Desktop\BeamForming_ArrayAntenna_Concept_01.png]
Fig.2 – illustration of beam coefficient for normal beam.

Therefore, the beamforming coefficients of differential beam pattern is

It can be seen that the last half coefficients of differential beam pattern are the opposite numbers of that in normal beam pattern. Assume the actual direction from gNB to UE is , the channel gains of normal beam and differential beam are depicted in Fig. 3. It can conclude that the normal beam pattern is same with conventional beam while the differential beam pattern is complementary to normal beam pattern within certain range.
[image: ]
Fig. 3 - Illustration of channel gain of normal beam and differential beam
So the received signal by normal beam can be denoted as:

Where the channel , similarly, the received beam by differential beam can be denoted as: 

By dividing the received signals of differential beam and normal beam, 



In which, , and 
Since the estimated angle deviation () is proportional to , we can denote the following parameter  as the represented estimated angle deviation:

Thus, the ratio between received signals of normal beam and differential beam will be monotonically increasing (or decreasing) within the adjust range, which the adjust range is determined by the angle covered by normal beam and differential beam. 
[image: ]
Fig. 4 - Illustration of angle estimation.
Based on the previously analysis and illustration, we can find that the differential beamforming based method can have monotonicity between ratio of received signals of normal beam and differential beam, and the angle direction deviation. So with an observed ratio value, we can find the angle direction estimation deviation. More importantly, since this relation is continuous, it implies as long as the SNR is good enough, the accuracy of the estimated angle deviation (represented as estimated angle error) will be quite good, as shown in following figure.
[image: D:\work-item\Literature Review\标准文档\5G 3GPP meetings\#104_E-meeting_202101\tdoc planing\positioning\fig_angle2.emf]
Fig. 5 – illustration of Angle estimation deviation accuracy.
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