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Introduction
[bookmark: _Hlk510705081]One of the fundamental differences of NR compared to LTE, in terms of PRS transmission, is the use of beamforming in NR, and particularly in FR2. That is, PRS would be transmitted not in an omni fashion, but rather through beams. As a result, in typical analog beamforming deployments PRS are expected to be transmitted one at a time, in respective beams. This can cause excessive resource consumption in cases only a limited number of nearby UEs represents the target of a positioning session.
Such problem of the inefficient use of resources caused by continuous PRS transmission in NR has been identified in [1]-[3]. Specifically, it was discussed and proposed that, in contrast to LTE, PRS transmission in NR should follow a dynamic, and in some cases an on-demand procedure. This represents an optional positioning feature at a network level and entails that the PRS configuration changes dynamically upon feedback from the UE, resulting in more/less resources allocated to positioning occasions with higher/lower accuracy requirements, associated with given beams. It further entails that PRS can even be completely temporarily turned off in case there is no need for a positioning session in a given direction, where PRS from certain beams would have been otherwise transmitted.
This paper discusses the relevant measurement configurations associated with such on-demand PRS transmission, along with corresponding implications on the formulation of the reference signal time difference (RSTD) values. 
Measurement configuration for on-demand PRS
In the on-demand PRS concept, the network needs to obtain information pertaining to which beams are indeed directed towards UEs with given positioning requirements. To achieve so, a certain measurement configuration needs to be provided by the network to the UEs, such that the UEs report back to the network the particular beams of the particular transmission points (TRPs) which can be detected with sufficient quality by the UEs. This refers to a positioning-specific configuration, which is provided to the UE in the form of positioning-specific assistance measurements. 
Observation 1: Positioning-specific assistance measurements should be provided by the network to the UEs for enabling on-demand PRS transmissions.
It is noted that such positioning-specific measurements are in principle different (or at least not necessarily identical to) the layer 3 (L3) measurements used for mobility purposes. This is for enabling more neighbouring cells to be involved in the measurements, since for positioning purposes there are in principle more physical locations needed to be considered in the measurement procedure for positioning as for mobility (e.g., for handovers between cells). 
Observation 2: The positioning-specific assistance measurements are not necessarily identical to the L3 mobility measurements.
As a result, it follows that the report provided to the network by the UE, as the outcome of such positioning-specific measurement procedure, involves beams from the serving as well as one or more neighbouring cells which are reported only for positioning purposes. In other words, the on-demand PRS procedure should involve positioning-specific beams that are reported to the network. Besides the exact beams by specific TRPs, the reported information may contain details such as signal quality per beam, as well as historical data.
Proposal 1: Positioning-specific beams should be reported by the UE to the network as part of the on-demand PRS procedure.
On PRS grouping
Beams transmitted from the same physical TRP have almost identical effect when it comes to positioning. As a result, the UE should be able to distinguish between PRS associated with different beam groups, i.e., to distinguish between PRS transmitted from the same TRP or from different TRPs. 
Observation 3: PRS transmitted by the same physical TRP should be distinguishable from PRS transmitted by another TRP.
Such grouping can be implemented by means of assigning dedicated PRS sequence IDs to the PRS transmitted from given TRPs. For example, the assignment of PRS sequence IDs can be done on the TRP level, such that all PRS transmitted by the same TRP are assigned the same PRS sequence ID.
Proposal 2: The PRS sequence ID is used to indicate the physical TRP that PRS are transmitted from.
Compensating for different PRS time of departure 
DL-TDOA is based upon accurate measurement of the time difference of arrival of PRS transmitted by different TRPs. In the beamforming scenario, multiple PRS are transmitted by the TRPs in a time-sequential fashion. That is, the multiple PRS from a given TRP are not transmitted at the same time. This implies that a correction mechanism needs to be applied in order to account for the different time of departure values associated with beamform-based PRS. For instance, if this correction mechanism is applied at the UE level, this would mean that before forming the RSTD values the UE needs to compensate for potentially different time of departures. The need for such timing correction was also pointed out in [4].
Such time correction can be carried out at the UE, by proper assignment of the PRS ID values to the transmitted PRS. Specifically, the assignment of PRS resource ID values should be done is such a way that the UE can easily identify the order at which the measured PRS was transmitted by the TRP. A straightforward approach would be to assign the PRS IDs sequentially, using the same sequence as the time sequence that the PRS are transmitted, i.e., the order of beam sweeping. As an example, a TRP that has cell ID 10 and transmits 10 PRS in a beam sweeping fashion, then such PRS can be assigned the PRS resource IDs #100-#110. Then, when the UE receives the PRS resource ID #105, for instance, it can implicitly extract the information that four beams were swept before that particular PRS, hence it would have to correct for four time units when forming the corresponding RSTD value associated to that PRS. Such information can be provided to the UE by the network by menas of positioning assistance information as part of the LPP protocol.
Proposal 3: The assignment of PRS resource IDs should be made in such a way that the information on the beam sweeping order is implicitly included.
The concept of on-demand PRS bring about an additional parameter which needs to be considered. In fact, in the (optional) case that on-demand PRS is active, not all beams are always swept when transmitting PRS. This entails that the PRS resource ID assignment ceases to implicitly convey the information as of which order a particular PRS was transmitted. As a result, alternative approaches need to be considered. One approach is to introduce a new index number transmitted together with each PRS transmitted on-demand, which indicates the order of PRS transmission; that is, this new index number conveys the information if the given PRS was transmitted first, second, …, n-th in a row. Then, the UE can simply use this information for knowing how many time units it needs to correct before forming the RSTD values. 
Alternatively, the assignment of PRS resource IDs can change dynamically such that in each PRS occasion the PRS resource IDs are updated and convey the beam sweeping order information. Then, the UE can implicitly extract the beam sweeping order information by the PRS resource ID. For example, if only three PRS resource IDs are transmitted by a TRP with cell ID #10, then such PRS resource IDs will take values #101, #102, #103, respectively. If in the next PRS update there are, for example, five PRS resource IDs transmitted, they will respectively take values #101-#105. 
Proposal 4: In the case of on-demand PRS, additional information should be conveyed together with the PRS, which indicates the beam sweep order of PRS resource IDs. This is used for compensating for the different time of departures, and can be implemented either by transmitting an additional index together with PRS, or by updating the encoding of the PRS resource ID values such that they reflect the beam sweep order.


Conclusion
Observation 1: Positioning-specific assistance measurements should be provided by the network to the UEs for enabling on-demand PRS transmissions.
Observation 2: The positioning-specific assistance measurements are not necessarily identical to the L3 mobility measurements.
Proposal 1: Positioning-specific beams should be reported by the UE to the network as part of the on-demand PRS procedure.
Observation 3: PRS transmitted by the same physical TRP should be distinguishable from PRS transmitted by another TRP.
Proposal 2: The PRS sequence ID is used to indicate the physical TRP that PRS are transmitted from.
Proposal 3: The assignment of PRS resource IDs should be made in such a way that the information on the beam sweeping order is implicitly included.
Proposal 4: In the case of on-demand PRS, additional information should be conveyed together with the PRS, which indicates the beam sweep order of PRS resource IDs. This is used for compensating for the different time of departures, and can be implemented either by transmitting an additional index together with PRS, or by updating the encoding of the PRS resource ID values such that they reflect the beam sweep order.
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