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1	Introduction
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”. To this end, the approach of “on-demand PRS” has been proposed which states that, in contrast to LTE where PRS are statically configured, DL PRS in NR are transmitted in an on-demand basis for target UEs associated with a positioning session. The main advantage of on-demand PRS is thus efficiency in utilization of the radio resource allocation for DL PRS, since it minimizes unnecessary PRS transmissions and related beam sweeping in cases where there is no target UE that can potentially measure such resources. Details of the on-demand PRS approach and the resulting benefits are given in [1]-[6].
Nevertheless, the solutions discussed by companies so far, involve only the on-demand activation of the PRS resources, without elaborating on the subsequent deactivation of the PRS resources in case the need for measuring them is suspended. The scope of this paper is to address the issue of dynamic activation and deactivation of PRS resources and highlights potential approaches towards a more efficient use of the radio spectrum.
2 	Dynamic suspend and resume of PRS transmissions
The on-demand PRS concept can be enhanced with the use of a mechanism which allows a dynamic suspension of PRS transmissions in case such PRS no longer need to be measured. Equivalently, since such PRS suspension is typically not permanent but temporary and for limited time, the on-demand PRS mechanism should support resuming the PRS transmissions when needed. This approach is aligned with the notion of aperiodic PRS, related to the following agreement from RAN1#102:
Agreement:
· Semi-persistent and a-periodic transmission and reception of DL PRS will be investigated in Rel-17.
· FFS: the details on when and how to enable semi-persistent and a-periodic DL PRS
· FFS: to be supported for which positioning methods, e.g.,
· UE-assisted and/or UE-based positioning
· DL positioning and/or Multi-RTT
· On-demand transmission and reception of DL PRS will be investigated in Rel-17.
· FFS: the details on when and how to enable on-demand DL PRS
· FFS: to be supported for which positioning methods, e.g.,
· UE-assisted and/or UE-based positioning
· DL positioning and/or Multi-RTT
· Notes: 
· Semi-persistent means MAC-CE triggered
· Aperiodic would correspond to DCI-triggered
· On-demand corresponds to the UE-initiated or network-initiated request of PRS and/or SRS. So, it is NOT the same as whether PRS is DCI-triggered or MAC-CE triggered. It is about UE or LMF request/suggesting/recommending specific PRS pattern, ON/OFF, periodicity, BW, etc. 

In this regard, the remainder of this document elaborates on the dynamic suspend/resume of PRS transmissions, which corresponds to a dynamic activation/deactivation of PRS resources, and discusses network and UE implications as well as protocol impacts.

A. PRS transmission suspension and PRS resource deactivation

Recall that on-demand PRS in beamformed transmissions corresponds to transmitting PRS only from beams (i.e., PRS resources) which can be measured by at least one target UE. An illustration of this approach is provided in the left-hand side of Figure 1.
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Figure 1: On-demand PRS and dynamic PRS transmission suspension

There can be several cases, however, where the transmission of PRS from a certain beam is no longer needed. Examples of such cases are, among others:
· Termination of the positioning session. For example, the target UE location information were requested and obtained one time by the LCS client and there is no need to update them
· Expiry of periodic measurement update
· Significant measurement quality drop. For example, due to blockage between UE and measured cell, indicating change on the propagation environment
· Relative network topology with respect to the UE location: A typical example is the case where the UE sees PRS from at least two TRPs from a highly acute angle, implying that such TRPs are almost colinear to the UE thus resulting in high Geometric Dilution of Precision (GDOP).

In all such cases, the UE ceases to measure the DL PRS which means that, on the basis of the efficient PRS resource usage, the network should cease to transmit PRS from the given resource. This is illustrated in the right-hand side of Figure 1, where UE2 has suspended or interrupted measurements; as a result, the PRS resources that were activated at cells 1,2 and 3 in Figure 1 for the purpose of positioning UE2 should be suspended.

Observation 1: There are cases where a target UE temporarily ceases to measure PRS from a certain PRS resource, although such PRS resource was activated on-demand to a session involving the given target UE or set of target UEs. 

B. PRS transmission resume and PRS resource re-activation

In case the target UE resumes its positioning session, the PRS transmissions associated to this target UE should be resumed; equivalently, the PRS resources should be re-activated. 
Examples of such cases are:
· The UE is configured with periodic positioning updates involving long periods of measurement inactivity.
· The measurement quality is reverted back to normal levels. For example, the temporal blockage between UE and cell is removed.

In such cases, the network should be able to resume the PRS transmissions that were configured before the PRS transmission suspension. In other words, the network should be able to allow for temporary suspension of PRS transmissions and thus be prepared to reactivate the same PRS resources for the target UE(s). This would result in a more efficient PRS resource utilization, since the PRS resource configuration process for on-demand PRS, which involves reporting by the UE to the LMF of feedback on the cell resources (see, e.g., [5],[6]), would not necessarily have to be repeated.

Observation 2: The temporary discontinuity of PRS measurement at the UE side may be recovered, such that the UE is able to resume measuring the on-demand configured PRS. For efficiency purposes, the on-demand PRS configuration process should not necessarily be repeated.
3	Signalling and protocol impact
The dynamic suspend and resume of PRS transmissions entails both UE and network functionalities, which are elaborated separately below.
UE functionalities: The UE should be able to indicate to the network that certain PRS resources, which were provided to the UE via LPP during the assistance data transmission phase, are no longer being used by the UE. This functionality should be independent of whether the on-demand PRS is UE-initiated or network-initiated (see agreement from RAN1#102 in Section 2). 
As an example, if there is significant PRS measurement quality drop due to blockage, the UE should indicate to the network that one or more PRS resources cannot be measured with sufficient quality. Another example is that of high GDOP caused by TRPs being seen at a relatively acute angle at the UE (i.e., TRPs being colinear to the UE). In both above examples (as well as in other similar ones) the UE should indicate to the network which PRS resources should be suspended, since they either cannot be measured with sufficient quality (e.g., due to blockage/shadowing) or should not be measured (e.g., due to the high GDOP involved). 

Observation 3: The UE should be able to assist the network with PRS transmission suspension. That is to indicate to the network that certain PRS resources, which were allocated on-demand to a positioning session where the given UE was the target UE, should not be maintained active for the same purpose any longer.

Nevertheless, since the same PRS resources may be measured by multiple UEs in the vicinity, a UE-initiated indication for PRS transmission suspension does not necessarily mean that this particular PRS resource should be suspended. It is up to the network to decide whether the PRS transmission should be suspended.

Observation 4: The network should decide whether a UE-initiated indication for PRS transmission suspension should lead to a deactivation of PRS resources, since an indication for PRS suspension may affect other UEs in the vicinity as well.

The UE-initiated indication for PRS transmission suspension does not necessarily associate with the serving gNB, where the UE is connected to. It may associate with PRS transmitted by neighboring cells, where the UE does not have RRC connection to. This implies that the most suitable network entity that the PRS suspend indication should be signalled to is the LMF. Equivalently, the protocol hosting such UE-initiated PRS suspension indication should be LPP. Upon receiving such indication, the LMF should be able to decide whether an actual PRS transmission suspension should be in effect at a given TRP. 

Proposal 1: The UE indication for PRS transmission suspension should be signalled to the LMF via LPP.

Network functionalities: The LMF should be able to properly indicate to the gNBs or TRPs to temporarily deactivate certain PRS resources if certain criteria are met. We note that such criteria may not necessarily be related to a UE-initiated indication for PRS suspension. That is, in addition to the above examples, the triggering for such suspension may come from the network itself. 
Let us consider the example of an LCS request involving periodic measurement updates, which is associated with a network-initiated request for on-demand PRS. If the measurement update rate is sufficiently low, the network should for efficiency purposes halt the transmissions of PRS during the intervals that no measurement is conducted at the UE side. In another example, the LMF may indicate to the respective gNBs that a validity timer of the positioning session is expired, thereby instigating deactivation of the corresponding PRS resources.

Observation 5: The suspension of PRS transmissions should be initiated by either the UE or the network, and applies to both UE-initiated and network-initiated on-demand PRS. In other words, UE-initiated and network-initiated PRS suspension indication should not be coupled with UE-initiated and network-initiated on-demand PRS, respectively.

In the above cases, the LMF should indicate to the gNBs / TRPs that certain PRS resources should be deactivated (equivalently, certain PRS transmissions should be suspended) for given time intervals where no measurement of such PRS is conducted by the UEs.

Proposal 2: The LMF should be able to provide PRS transmission suspension indication to the gNBs/TRPs.

Resuming suspended PRS transmissions: For resuming the PRS transmissions that were previously suspended, the UE and the LMF should be able to provide PRS transmission resume indication to the LMF and gNBs/TRPs, respectively, in case certain conditions for re-activation of the PRS resources are met. 
Similar to the PRS suspend indication, the UE-initiated PRS resume indication should be directed to the LMF. The LMF then should process such indication and decide which PRS resources should be resumed, and for how long. The LMF should then provide such PRS resource re-activation indication to the respective gNBs/TRPs. 

Proposal 3: The UE should provide to the LMF indication for resuming PRS transmissions.

Different to the PRS suspension process, the indication by LMF to gNBs/TRPs for PRS resuming should not necessarily be followed by an actual allocation of PRS resources. It is up to the gNB/TRP to allocate and prioritize the PRS transmissions accordingly, based on the indication provided by the LMF. For this purpose, we refer to such LMF-to-gNB indication for PRS resource re-activation as “request”.

Proposal 4: The LMF should provide request to the gNBs/TRPs for resuming certain PRS transmissions.
4        Conclusions
Observation 1: There are cases where a target UE temporarily ceases to measure PRS from a certain PRS resource, although such PRS resource was activated on-demand to a session involving the given target UE or set of target UEs. 
Observation 2: The temporary discontinuity of PRS measurement at the UE side may be recovered, such that the UE is able to resume measuring the on-demand configured PRS. For efficiency purposes, the on-demand PRS configuration process should not necessarily be repeated.
Observation 3: The UE should be able to assist the network with PRS transmission suspension. That is to indicate to the network that certain PRS resources, which were allocated on-demand to a positioning session where the given UE was the target UE, should not be maintained active for the same purpose any longer.
Observation 4: The network should decide whether a UE-initiated indication for PRS transmission suspension should lead to a deactivation of PRS resources, since an indication for PRS suspension may affect other UEs in the vicinity as well.
Observation 5: The suspension of PRS transmissions should be initiated by either the UE or the network, and applies to both UE-initiated and network-initiated on-demand PRS. In other words, UE-initiated and network-initiated PRS suspension indication should not be coupled with UE-initiated and network-initiated on-demand PRS, respectively.
Proposal 1: The UE indication for PRS transmission suspension should be signalled to the LMF via LPP.
Proposal 2: The LMF should be able to provide PRS transmission suspension indication to the gNBs/TRPs.
Proposal 3: The UE should provide to the LMF indication for resuming PRS transmissions.
Proposal 4: The LMF should provide request to the gNBs/TRPs for resuming certain PRS transmissions.
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