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In this contribution, we discuss the following points:
· UE measurements and reports
· TRP radiation pattern information related gNB to LMF signaling enhancements
· Two-stage PRS beam sweeping

[bookmark: _Ref79060436]Signaling Enhancements
The following agreements were reached in RAN1#105-e:
	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 assistance data (AD) provided by the LMF may, in some cases, indicate which PRS resources could be measured according to priority. However, this approach is UE specific, and hence, not applicable for broadcasted AD or in mobility scenarios. Considering a scenario in which TRPs are transmitting PRS resources in both the azimuth and the elevation dimensions, then the LMF cannot derive a set of adjacent beams solely based on priority ordering of PRS resources. However, indicating a group (or a subset) of PRS resources along with priority can be useful. If, for example, two transmitted wide beams overlap with multiple narrower beams, these beams overlapping with a wide beam can be sorted according to priority. To clarify this example, Figure 2 depicts a TRP with two wide beams (A & B) and a number of narrower beams (A.1, A.2, A.3, B.1, B.2, B.3). The LMF can sort these resources according to priority as {A, B, A.1, A.2, A.3, B.1, B.2, B.3}. Moreover, the LMF indicates to the UE that {A, A.1, A.2, A.3} belong to a subset, while {B, B.1, B.2, B.3} belong to another subset. For broadcast, this means that a subset indication enables the UE to identify the optimal subset first (for example, by measuring the PRS resources associated with A or B). For unicast, priority ordering may be sufficient for indicating PRS beam information in one dimension (i.e., azimuth or elevation), whereas subset indication may be helpful in the two dimensional case (i.e., azimuth and elevation). 
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[bookmark: _Ref77062855]Figure 1 Example on DL-AoD showing two subsets with wide and narrow beams from a single TRP

For Option 3, the signaling overhead can be extremely high considering the number of beams in some implementations. A reduced information set, such as the PRS resource boresight only, on the one hand, may lead to improper measurement and still requires considerable signaling.
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Figure 2 Example on DL-AoD showing two different elevation configurations from a single TRP


In Figure 1, we consider a TRP configured for transmitting multiple PRS beams in different azimuth and elevation directions where the beams can be adjacent, non-adjacent or even overlapping. In this example,  the LMF provides the UE with an indication on PRS resources within the two subsets corresponding to the two elevation configurations, this goes into the direction of option 4. For DL-AoD, not only adjacent beams, but also overlapping PRS resources from a wide-beam configuration can be included within a subset. The UE identifies the PRS resources within a certain subset based on criteria, such as RSRP or TOA, and perform measurements on the PRS resources associated with the identified subset. 
Observation 1: Option 4 is more efficient in the presence of many beams with different characteristics and can function in unicast and broadcast.

Proposal 1: 	The LMF sends beam information in the AD with the indicated subset of PRS resources (Option 4).

TRP radiation pattern information
The following agreements were reached in RAN1#105-e:
	Agreement:
For the beam/antenna information to be optionally provided to the LMF by the gnodeB, select one or more of the following:
· Option 1: the gNB reports the antenna configuration including at least the following parameter:
· the number of antenna elements (vertical and horizontal) 
· antenna spacing dh and dv
· FFS: For DFT-based beams, precoder information for each PRS resource
· Check whether the already reported boresight directions are sufficient, or whether more information is needed
· FFS: Antenna Element pattern Information
· FFS: Details
· FFS: If additional information about panel/orientation is needed
· Option 2: the gNB reports a mapping of angle and beam gains for each of the PRS resources.
· FFS: representation of the mapping (e.g. parametric function approximating the beam response, or gain/angle table, beamwidth, intersection point of multiple beams (angle, RSRP)intersection point)
· Other options are not precluded
In either option, the gNB beam/antenna information can optionally be provided to the UE by the LMF for UE-based DL-AoD



DL-AoD improvements in Rel-17 targets a direction estimation accuracy significantly lower than the beam-width corresponding to the transmitted PRS. In the example in Figure 2, the UE receives the LOS signal from beam 2 and beam 3 with different RSRP levels: from beam 2, the LOS signal is dominant.
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Figure 3 An example of DL-AoD method in the presence of multipath.

Assuming the antenna pattern is known at the TRP, the accuracy of DL-AoD can be significantly increased by taking into account the relative RSRP between beam 2 and beam 3. The TRP can indicate to the LMF detailed NR-PRS beam information, including one or more azimuth/elevation angle information, and optionally finer angle-related information per beam. Signaling on the reported elevation and azimuth angles by additionally providing information on beam power level also helps to support a more accurate DL-AoD estimate.

Proposal 2: 	Support gNB to LMF reporting of information on the mapping of angle and beam gains for each of the PRS resources (Option 2).  The information includes:
· A gain level for the reported main lobe and/or the side lobe levels.
· A relative gain between the reported main lobe level and the side lobe levels.

Two-stage PRS Beam Sweeping
The following agreements were reached in RAN1#105-e:
	Agreement:
· For both UE-based and UE-assisted DL methods, at least for two-stage PRS beam sweeping, study further at least the following:
· Enhancements in the association between resources belonging to two DL PRS resource sets of the same TRP
· Companies are encouraged to evaluate whether other potential enhancements in this subagenda or other subagendas (e.g. additional beam information, on-demand PRS framework) could be used to enable this feature (potentially by implementation). 
· Note: Two-stage PRS beam sweeping corresponds to different DL PRS resource sets




Reducing UE complexity and signaling overhead (related to measurement reports and AD configuration between LMF and UE) especially when multiple beams with different settings are considered, is the motivation behind two-stage PRS beam sweeping. The aspect of providing the UE with information on the association between the DL PRS resources is in agreement with the Signaling Enhancements discussion in Section 2. To achieve this target, given that a UE is aware of the association between the DL PRS resources, we propose for the two-stage beam sweeping: 

Proposal 3: 	For improving device efficiency, support a procedure that enables the device to activate or deactivate measurements on DL-PRS resources in the second stage depending on the received associated DL PRS resources in the first stage.

Conclusions
Based on the discussion in this document, we made the following observation and proposals:
Observation 1: Option 4 is more efficient in the presence of many beams with different characteristics and can function in unicast and broadcast.

Proposal 1: 	The LMF sends beam information in the AD with the indicated subset of PRS resources (Option 4).

Proposal 2: 	Support gNB to LMF reporting of information on the mapping of angle and beam gains for each of the PRS resources (Option 2).  The information includes:
· A gain level for the reported main lobe and/or the side lobe levels.
· A relative gain between the reported main lobe level and the side lobe levels.

Proposal 3: 	For improving device efficiency, support a procedure that enables the device to activate or deactivate measurements on DL-PRS resources in the second stage depending on the received associated DL PRS resources in the first stage.
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