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As listed in the SID description, “The objective of this study item is, among others, to “study enhancements and solutions necessary to support network efficiency and device efficiency requirements for commercial uses cases.”
For DL positioning implemented in FR2, the PRS might need to be transmitted in a beamformed fashion to compensate the higher path loss at higher carrier frequencies and therefore the beam sweeping procedures need to be followed. A schematic view of the PRS transmission in beams, along with non-beamformed PRS transmission (as is, for example, in LTE), is provided in Figure 1.
The main implication of transmitting PRS in all beam sweeping directions with static allocation of resources is two-fold (see also [1]-[3]): 
a) Unnecessary PRS transmissions: It results in an unnecessary transmission of PRSs, in the sense that not necessarily all PRS transmissions are exploited for determining the position of a target UE, leading thus to spectrum usage inefficiency.
b) Static allocation of PRS resources: It does not permit a dynamic optimization of PRS resources. That is, the static PRS resource allocation does not allow for a temporary increase of the PRS resources for meeting higher positioning accuracy requirements in certain area and instance. Equivalently, the static PRS resource allocation does not account for any decrease of PRS resources in case the positioning requirements can be met even with fewer PRS resources. Such PRS resource control parameters may correspond to, for instance, PRS bandwidth and duration and periodicity of PRS positioning occasions. 
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Figure 1: Non-beamformed (left) and beamformed (right) PRS transmission
Observation 1: PRS might need to be transmitted in a beamformed fashion to compensate the higher path loss at higher carrier frequencies. The PRS transmission in all beam sweeping directions results in an unnecessary transmission of PRSs depending on positioning needs, while the static allocation of PRS resources does not allow for a PRS resource usage optimization based on positioning QoS requirements.
The scope of this paper is to address the issue of PRS resource management efficiency and highlight potential solution approaches towards this end.
2	On-demand PRS vs dynamic PRS
The terms “on-demand PRS” and “dynamic PRS” have been used in discussions related to an opportunistic use of PRS resources [1]-[4]. In some cases, these two terms have been used to refer to similar or even identical concepts. Here, we aim at distinguishing between the concepts of on-demand and dynamic PRS and highlight their differences.
On-demand PRS in FR2 refers to PRS transmission upon request from UE and is associated with the concept of transmitting PRS only on a subset of beams originating from a given transmission point. This subset of beams corresponds to those beams which serve at least one target UE associated with a positioning session. In other words, on-demand PRS implies that a given beam does not convey a PRS unless there is an indication (or equivalently, a “demand”) that such PRS would be measured by at least one target UE. The concept of on-demand PRS transmission in fact addresses problem a) stated in Section 1.
Dynamic PRS refers to dynamic PRS resource allocation and relates to the concept of temporarily increasing/decreasing the PRS resources in a given area and time instance, in order to accommodate the respective positioning accuracy requirements. Dynamic PRS resource allocation addresses problem b) stated in Section 1.
There are conceptual differences between on-demand and dynamic PRS: 
i) rather than a simple on-off PRS transmission per beam as in the case of on-demand PRS, a dynamic PRS allocation determines the exact amount of PRS resources to serve a given area and time; 
ii) dynamic PRS allocation is based on positioning accuracy requirements, which are typically known to the location server, whereas on-demand PRS does not. In fact, on-demand PRS considers only whether a target UE exists at a given direction, irrespective of the associated requirements.
iii) dynamic PRS allocation comprises a relevant (re-)configuration of PRS resources, as stated in Section 1. On the contrary, on-demand PRS does not involve PRS resource (re-)configuration. 
Observation 2: Both notions of on-demand PRS and dynamic PRS are used for PRS resource optimization purposes, however there is a conceptual distinction. Dynamic PRS relates to the positioning requirements and results in optimal PRS resource allocation per area and instance; on-demand PRS dictates whether or not a beam conveys PRS, depending on whether there is a need for PRS transmission at a given direction.  
3	LMF-based on-demand and dynamic PRS: Positioning-specific measurements
Let us consider the scenario where the on-demand and dynamic management of PRS is carried out at LMF. For the case of on-demand PRS, the LMF needs to obtain information about the beams that the UE can detect in order to select where the PRS needs to be transmitted. Equivalently for dynamic PRS, the LMF needs to obtain feedback from the UE related to the quality of the detected PRS; based on such feedback the LMF determines the allocation of PRS resources on the serving and neighbouring cells of a target UE in a dynamic fashion.
It follows from the above that on-demand and dynamic PRS allocation are in principle associated with different UE measurement configuration, as well as different signalling procedure. Specifically, 
· On-demand PRS transmission requires feedback sent from the UE to the LMF regarding the cell resources across multiple cells that the UE can listen to. Such feedback should be indicative to the beam direction at which the UE can hear the cell resources. As an example, the UE can report received SSB signals from serving and neighboring cells, which the LMF can use to indicate the PRS resources that need to be activated. In our companion contribution [4] we discuss further details on the measurements associated with such feedback, along with the corresponding measurement configurations.
· Dynamic PRS resource allocation requires positioning-specific information to be provided to the LMF, along with positioning-specific configuration of measurement characteristics. In particular, the LMF needs to configure measurement parameters such as the PRS quality and the periodicity of reporting PRS-RSRP to LMF, which are associated with the update of PRS resources. For instance, in case higher accuracy is temporarily needed due to an emergency, the PRS resource allocation update should be followed by a report from the UEs as of whether the new PRS are measured with sufficient quality. This entails a new positioning-specific measurement configuration message introduced in LPP.
Observation 3: The concepts of on-demand PRS and dynamic PRS are associated with different UE measurement configurations: On-demand PRS transmission may utilize existing measurements on the cell resources detected at the UE; dynamic PRS resource allocation may need additional positioning-specific measurement configuration and reporting as part of LPP.
In light of the above observation, it is proposed that, for supporting dynamic PRS, a positioning-specific measurement configuration is enabled by the LMF. Specifically, the LMF configures the measured PRS quality and periodicity of PRS measurements, which facilitate the update of PRS resources. 
In more detail, the dynamic PRS would require these additional steps: 
· the LMF to configure the UE to perform positioning-specific measurements, and the UE to report back to the LMF the measurement report according to that configuration. 
· the LMF to reconfigure the PRS resources (if needed), as these were described in Section 1.
 These new steps would require certain extensions on the LPP and NRPPa protocols, as illustrated in Figure 2 (blue font indicates changes). 
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Figure 2: Positioning assistance measurement configuration
Proposal 1:  For dynamic PRS resource allocation, enable a positioning-specific measurement configuration by the LMF, which facilitates the adaptation of PRS resources and therefore, an efficient use of such resources.
Considering that the need for beamformed PRS will be mostly addressed for the FR2, the described solution must be considered as an optional feature. Considering heterogenous deployment, the LMF may consider the request for positioning-specific measurements in FR2. 
Observation 4: Positioning-specific measurement configuration, as well as on-demand PRS transmission and dynamic PRS resource management, should be considered as an optional feature. 
4	Dynamic management of PRS radio resources
The concepts of on-demand PRS transmission and dynamic PRS resource allocation are associated with a radio resource management process, which should be dynamic enough to account for the changes on the PRS demand. 
For instance, referring to the case of on-demand PRS transmission, in scenarios where the transmission of given PRS resources is no longer necessary because the respective positioning session of the target UE measuring such PRS resources has suspended, a mechanism should be in place that supports the temporary release of such PRS resource. That is, this mechanism should allow TRPs to temporarily deactivate a given set of PRSs, following proper configuration. 
Equivalently, in case such positioning session is resumed for the same target UE or for another UE measuring the same PRS resource, a mechanism should be in place that allows reallocation of given PRS resource. Such allocation/release mechanism should come together with the on-demand and dynamic PRS configuration, and should accordingly be an optional feature.
Observation 5:  A mechanism should be in place that allows the deactivation of PRS transmissions in case there is no longer need for measuring such PRS resource. Equivalently, the mechanism should allow reactivating a PRS transmission if there is need to measure given PRS.
For the case of dynamic PRS resource allocation there exists a similar need for dynamic adjustment of the radio resources to a given PRS. This relates to a dynamic update of the allocated PRS resources and the reported PRS periodicities, in accordance to the positioning-specific measurement configuration discussed in Section 3. As such, a mechanism should be in place to allow proper re-allocation of PRS radio resources in a dynamic fashion. For example, in case there is a temporary need for higher accuracy in an area, this mechanism should allow for a proper increase on the PRS bandwidth, as well as a measurement reporting with the proper periodicity.
Observation 6:  A mechanism should be in place that allows PRS radio resources to be dynamically adjusted depending on the temporary positioning needs. This mechanism should allow for a proper increase/decrease of PRS resources, as well as reporting the conducted measurements with the proper periodicity.
5	LMF-controlled vs gNB-controlled dynamic PRS resource allocation
Sections 3 and 4 describe the conventional approach to dynamic PRS resource allocation, where the management of PRS resources is controlled by the LMF. However, such dynamic PRS resource allocation can also be carried out at the gNB, corresponding to a gNB-controlled dynamic PRS resource allocation. 
Next, the advantages and disadvantages associated with the LMF-controlled and gNB-controlled dynamic PRS resource allocation are discussed:
· Advantages of LMF-controlled dynamic PRS resource allocation: 
· The LMF is typically aware of the positioning requirements. A PRS resource allocation by the LMF is thus facilitated in this respect.
· A dynamic PRS resource allocation in principle involves multiple gNBs. As a result, the LMF-based option facilitates a centralized control of PRS transmitted by neighbouring transmission points, reducing thus Xn signalling.
· LMF can already request PRS quality and PRS RSRP reports from the UE. On the contrary, in the current specifications the gNB cannot request such information, such that the gNB-controlled approach would require changes for the reporting to be supported.
· Advantages of gNB-controlled dynamic PRS resource allocation:
· The gNB is aware of the beam configuration (e.g., number of beams per transmission point, azimuth and vertical angles, etc), as well as other resource allocation issues. Such resource allocation is typically done at the RAN. Hence, the gNB-based dynamic PRS resource management reduces the signaling overhead between RAN and core network (LMF).
· The gNB-controlled PRS resource allocation adapts easily to changes to beam configurations at the gNB.
Observation 7: The dynamic allocation of PRS resources can be carried out either at LMF or at gNB. LMF-controlled dynamic PRS allocation is a centralized approach which facilitates the resource allocation of neighbouring transmission points, whereas gNB-controlled dynamic PRS allocation is more adaptive to changes to beam configurations and reduces the signalling to the core network. 
Proposal 2: RAN2 to discuss the pros and cons of LMF-controlled and gNB-controlled dynamic PRS allocation and decide whether the LMF or the gNB shall be responsible for managing such dynamic PRS allocation.
6	Conclusions
Observation 1: PRS might need to be transmitted in a beamformed fashion to compensate the higher path loss at higher carrier frequencies. The PRS transmission in all beam sweeping directions results in an unnecessary transmission of PRSs depending on positioning needs, while the static allocation of PRS resources does not allow for a PRS resource usage optimization based on positioning QoS requirements.
Observation 2: Both notions of on-demand PRS and dynamic PRS are used for PRS resource optimization purposes, however there is a conceptual distinction. Dynamic PRS relates to the positioning requirements and results in optimal PRS resource allocation per area and instance; on-demand PRS dictates whether or not a beam conveys PRS, depending on whether there is a need for PRS transmission at a given direction.  
Observation 3: The concepts of on-demand PRS and dynamic PRS are associated with different UE measurement configurations: On-demand PRS transmission may utilize existing measurements on the cell resources detected at the UE; dynamic PRS resource allocation may need additional positioning-specific measurement configuration and reporting as part of LPP.
Observation 4: Positioning-specific measurement configuration, as well as on-demand PRS transmission and dynamic PRS resource management, should be considered as an optional feature. 
Observation 5:  A mechanism should be in place that allows the deactivation of PRS transmissions in case there is no longer need for measuring such PRS resource. Equivalently, the mechanism should allow reactivating a PRS transmission if there is need to measure given PRS.
Observation 6:  A mechanism should be in place that allows PRS radio resources to be dynamically adjusted depending on the temporary positioning needs. This mechanism should allow for a proper increase/decrease of PRS resources, as well as reporting the conducted measurements with the proper periodicity.
Observation 7: The dynamic allocation of PRS resources can be carried out either at LMF or at gNB. LMF-controlled dynamic PRS allocation is a centralized approach which facilitates the resource allocation of neighbouring transmission points, whereas gNB-controlled dynamic PRS allocation is more adaptive to changes to beam configurations and reduces the signalling to the core network. 
Proposal 1:  For dynamic PRS resource allocation, enable a positioning-specific measurement configuration by the LMF, which facilitates the adaptation of PRS resources and therefore, an efficient use of such resources.
Proposal 2: RAN2 to discuss the pros and cons of LMF-controlled and gNB-controlled dynamic PRS allocation and decide whether the LMF or the gNB shall be responsible for managing such dynamic PRS allocation.
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