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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 the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
Note: RAN1 will discuss the candidate solutions and provide updates for this objective, with status to be reviewed in RAN#91e.


In this paper, we will discuss the accuracy improvements for DL-AoD positioning solutions by using differential beamforming.
AOD measurement reporting refinement
In the Rel-16 DL-AoD method, the UE’s location can be obtained through multiple RSRP measurements corresponding to the multiple transmission beam directions. However, the beam direction with maximum RSRP can be different from the beam direction for the LOS path between the TRP and the UE. If the location server estimates the UE’s location using the beam direction corresponding to NLOS path, this could results in non-negligible positioning accuracy error. 
For DL-AoD positioning solution, it is desirable for UE to the report the RSRP measurement corresponding to the LOS path. To achieve this goal, UE can report the RSRP measurement for the first arrival path. However, there is also no guarantee that the detected first path is the LOS path. For example, if the blocker is made of marble, the speed will be 6 times slower during the traveling in it, so even the LOS reaches the UE, it may not be the first path. In such a case, if UE is able to detect NLOS, which means that no detectable LOS path is found, and report it to LMF. The LMF can choose different positioning methods to improve the positioning performance in the NLOS scenario. 
Proposal 1: For DL-AoD positioning method, UE can report the RSRP measurement for first arrival path together with a LOS/NLOS indicator. 
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 with 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 our companion contribution [2].
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 also the beam angle information for each of the SSBs, to calculate the position of UE.   Normally, UE needs to measure the DL beams which were transmitted in sweeping manner, and also UE might need to measure the DL signals from multiple TRPs (gNBs) to get more results in order to improve the accuracy. Such the time consumed for the measurements will enlarge the latency for the positioning derivation; less measurement will then impact the estimation accuracy.
Observation 1: the normal DL-AOD methods may not provide good enough estimation accuracy as well as latency.
However, by using the differential beamforming techniques as introduced in [2] 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 certain level;
· UE only need to measure a few beams (DL signals) which transmitted with sum beam and differential beam;
· Less resource consumption;
· Less measurement overhead;
· Shorter latency achieved;
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Fig.1 – illustration of differential beamforming based DL-AOD positioning solution. 

Observation 2: the differential beamforming technique is beneficial for improving DL-AOD method to better satisfy the positioning requirement.
Proposal 1: Support differential beamforming technique for DL-AOD positioning methods. 

Aspects to be enhanced
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, then UE receive them with same Rx beam. Finally, UE will report the measurement outcome to the gNB (eventually LMF) for the angle(positioning) calculation. Thus, following aspects might be 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 FDMed resource, UE is only required to receive with same Rx beam , thus no additional UE capability requirement. In case of TDMed, although it’s not necessary to keep the two DL signals resources to be consecutive, it’s also not desirable to keep them too distanced as the channel condition or even directions might be changed 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 utilized beam relationship with 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 showing in following with most to least:
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, and 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), UE can find the estimated angle error;
2. Report the ratio of received signal, thus 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 doesn’t necessarily to know which resource is using normal beam or differential beam;
3. Report the received signal value. UE needs to just do the reception and report it.

Proposal 2: 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. 
Conclusion
This contribution discusses the accuracy improvements for DL-AoD positioning solutions by using differential beamforming. Observations and proposals are summarized as follows: 
Observation 1: the normal DL-AOD methods may not provide good enough estimation accuracy as well as latency.
Observation 2: the differential beamforming technique is beneficial for improving DL-AOD method to better satisfy the positioning requirement.
Proposal 1: For DL-AoD positioning method, UE can report the RSRP measurement for first arrival path together with a LOS/NLOS indicator. 
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. 
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