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[bookmark: _Ref349588338]1. 	Introduction
In Release 15, SI messages can either be broadcast periodically as indicated by scheduling information in SIB1 or can be indicated in SIB1 as currently not being broadcast. In the latter case, a UE can request the broadcast of one or more SI messages using a random access procedure or an RRC CCCH request when in idle state. A similar capability could be supported for broadcast or transmission of a DL Positioning Reference Signal (PRS) for NR assuming a DL PRS for NR is included in Release 16 (e.g. to support position methods like OTDOA and ECID). The capability could allow a UE or another entity which is aware of UE positioning requirements (e.g. an LMF) to request an increase in resources assigned for DL PRS transmission (e.g. increased bandwidth, increased duration of positioning occasions and/or increased frequency of positioning occasions) and possibly to indicate when increased DL PRS transmission is no longer needed. The benefits of this can include reduced network bandwidth usage for DL PRS when no UEs need to acquire and measure PRS in a particular cell or group of cells and improved positioning accuracy and/or latency when one or more UEs need to acquire and measure PRS to obtain location measurements. 
NOTE:	The term PRS "transmission" is used here and includes PRS broadcast to all UEs as well as PRS multicast to selected UEs (e.g. UEs with a subscription to receive PRS).

Observation 1:	Support for on demand transmission of DL PRS for NR could enable reduced network bandwidth usage for DL PRS when no UEs need to acquire and measure PRS and improved positioning accuracy and/or latency when one or more UEs need to acquite and measure PRS.

Increased DL PRS transmission could be simplified by being restricted to only certain PRS configurations which might be configured in gNBs and/or an LMF using O&M. For example, there might be one set of PRS configuration parameters corresponding to "normal" PRS transmission in the absence of any request for increased PRS transmission. In some networks, the "normal" PRS transmission might equate to no PRS transmission at all (to minimize resource usage). There could then be one or more levels of increased PRS transmission each associated with a different set of PRS configuration parameters such as parameters defining PRS bandwidth, PRS frequencies, duration of PRS positioning occasions and periodicity of PRS positioning occasions. The restriction of increased PRS transmission to only certain sets of PRS configration parameters could simplify the control and transmission of increased PRS. For example, in the simplest case, PRS transmission might just be turned on when needed, according to a default set of PRS configuration parameters, and turned off when not needed.

Observation 2:	Increased PRS transmission can be restricted to only certain sets of PRS configuration parameters to simplify the control and transmission of increased PRS. In a simplest case, PRS transmission might be turned off when not needed and turned on when needed according some default set of PRS configuration parameters.

RAN1 discussed DL PRS definitions and configuration options at RAN1 Ad-Hoc Meeting #1901 and made the following agreements [1]:
 (
NR DL PRS design for FR1 and FR2 should support:
-
Configurable NR DL PRS signal bandwidth
-
FFS granularity of configuration, relationship with BWPs, whether the configuration is cell and/or UE specific
Editor's note: RAN1 is to continue discussion on granularity of configuration, relationship with BWPs, whether the configuration is cell and/or UE specific.
-
Configurable NR DL PRS signal numerology (SCS)
-
FFS configurability of CP for NR DL PRS
Editor's note: RAN1 is to continue discussion on configurability of CP for NR DL PRS.
-
Configurable NR DL PRS frequency and time allocation
-
Use of DL beam sweeping / alignment
-
i.e. beam alignment of gNB DL PRS transmission and UE reception of DL PRS
-
Localized in time NR DL PRS transmissions with periodic and/or on-demand resource allocation
-
FFS signaling details
Editor's note: RAN1 is to continue discussion on signalling details for periodic and on-demand resource allocation.
)
[bookmark: _GoBack]The signalling details for on-demand DL PRS resource allocation are labelled as FFS above together with an Editor’s Note that RAN1 is to continue discussion on signalling details. However, the (end-to-end) signalling details for on‑demand PRS allocation may also (or primarily) impact RAN2.  Therefore, in this contribution we discuss procedures to support and coordinate on demand transmission of PRS by gNBs in an NG-RAN.


2. 	Procedure for LMF control of DL PRS Transmission
LMF control of PRS transmission can be used to assist DL positioning of UEs using LPP for such position methods as OTDOA and ECID which can be controlled by the LMF. An LMF would then determine changes to PRS transmission and send a message (e.g. an NRPPa message) to affected gNBs to request a change to PRS transmission. The LMF could determine the changes based on QoS requirements for location requests and on the capabilities of target UEs and gNBs (e.g. if gNB capabilities are configured in the LMF) to support increased PRS transmission. The LMF could control PRS transmission from both normal gNBs and from Transmission Points (TPs) such as remote radio heads and PRS‑only beacons. An example procedure is shown in Figure 1.


Figure 1: Procedure to support LMF control of DL PRS Transmission 
1.	The serving AMF for a target UE invokes the Nlmf_Location_DetermineLocation service operation towards the LMF to request the current location of the UE. The service operation includes the serving cell identity, the LCS client type and may include a required QoS.
2.	The LMF sends an LPP Request Capabilities message to the target UE as described in TS 23.502 clause 4.13.5.4 to request the positioning capabilities of the UE.
3.	The UE returns an LPP Provide Capabilities message to the LMF as described in TS 23.502 clause 4.13.5.4 to provide the positioning capabilities of the UE. The positioning capabilities include the DL PRS measurement capabilities of the UE.
4.	Based on the LCS client type (e.g. an emergency services client type or a commercial client type), the QoS if provided at step 1 and the DL PRS measurement capabilities of the UE, the LMF determines gNBs nearby to the location of the UE (e.g. as indicated by the serving cell ID received at step 1) to be measured by the UE and a new PRS configuration for each of the gNBs. The determination at step 4 may also be based on location requests for other UEs nearby to the target UE which are received by the LMF at about the same time. The new PRS configuration for each gNB may use increased PRS bandwidth, a longer duration of PRS positioning occasions, PRS transmission on new frequencies, and/or a higher frequency of PRS positioning occasions and may, in some cases, be selected from a set of one or more preconfigured sets of PRS configuration parameters to support increased PRS transmission. In the case of support for directional PRS beams, the LMF may determine directional PRS beams for each gNB which should be received by the target UE, or by any UE in a set of target UEs when the LMF increases PRS transmission for multiple target UEs, and may provide a new PRS configuration only for these directional PRS beams. The directional PRS beams may be selected by the LMF according to a known approximate location for the target UE (or known approximate locations for a set of target UEs), e.g. as given by the serving cell provided in step 1.
5.	The LMF sends an NRPPa PRS Reconfiguration Request message to each of the gNBs determined at step 4 and includes the new PRS configuration determined for that gNB. The request may also include a start time for each new PRS configuration and a duration.
6.	Each of the gNBs returns a response to the LMF indicating whether the new PRS configuration can be supported. If some gNBs indicate that a new PRS configuration cannot be supported, the LMF may perform steps 15 and 16 to restore the old PRS configurations in each of the gNBs which indicated a new PRS configuration can be supported in order to avoid interference between gNBs which support the new PRS configuration and gNBs which do not. In this case, the LMF would provide the old PRS configurations to the UE at step 8 instead of the new PRS configurations.
7.	Each of the gNBs which acknowledged support of a new PRS configuration at step 6 changes from an old PRS configuration to a new PRS configuartion either after (or just before) sending the acknowledgment at step 6 if no start time was provided or at the start time indicated in step 5. In some cases, the old PRS configuration may correspond to not transmitting a DL PRS.
8.	The LMF sends an LPP Provide Assistance Data message to the target UE to provide the new PRS configurations determined at step 4 and acknowledged at step 6 and possibly other assistance data to assist the UE to acquire and measure the new PRS configurations and optionally determine a location from the PRS measurements.
9.	The LMF sends an LPP Request Location Information message to the target UE to request the UE to measure DL PRS transmission by the gNBs determined at step 4 (and confirmed at step 6) according to the new PRS configurations. For example, the LMF may request measurements of RSTD if OTDOA is used. The LMF may also indicate whether UE-based positioning is requested whereby the UE determines its own location.
10.	The target UE acquires and measures the DL PRS transmitted by the gNBs indicated at step 8 according to the new PRS configurations provided at step 8. For example, the UE may obtain RSTD measurements when OTDOA is used.
11.	If UE based positioning was requested at step 9, the UE determines its location based on the PRS measurements obtained at step 10 and the assistance data received at step 8.
12.	The UE sends an LPP Provide Location Information message to the LMF and includes the PRS measurements obtained at step 10 or the UE location obtained at step 11.
13.	The LMF determines the UE location based on any PRS measurements received at step 12 or may verify a UE location received at step 12.
14.	The LMF returns an Nlmf_Location_DetermineLocation Response to the AMF to return the location obtained at step 13.
15.	If a duration was not included at step 5, the LMF may send an NRPPa PRS Reconfiguration Request message to each of the gNBs determined at step 4 and includes a request to restore the old PRS configuration for each gNB.
16.	Each of the gNBs returns a response to the LMF indicating whether the old PRS configuration can be restored. 
17.	Each of the gNBs begins transmitting the old PRS configuration either when the duration received in step 5 expires or after receiving and acknowledging the request to restore the old PRS configuration at steps 15 and 16.

Observation 3:	A procedure to support LMF control of on demand transmission of DL PRS for NR appears feasible and can be used by an LMF to support a location request for a target UE received from an AMF.

3. 	Procedure for gNB control of DL PRS Transmission 
With gNB control of DL PRS transmission, a gNB would determine changes to PRS transmission for one or more UEs served by or camped on the gNB and would send a message (e.g. an XnAP message) to neighbouring gNBs to request a similar change to PRS transmission. The gNB could determine the PRS change based on UE requests to the gNB for increased PRS transmission and/or to support location procedures for one or more UEs that are controlled by or at least involve the gNB. The gNB could base the PRS change on requests from, or location procedures for, multiple UEs – e.g. by only changing PRS when many UEs need an increase in DL PRS transmission.
A UE request for increased PRS transmission could use a random access procedure or a CCCH RRC message (e.g. when the UE is idle) or some other RRC or LPP message (e.g. when the UE is connected). As an example, the RRC LocationMeasurementIndication message in TS 38.331 that can be used in Release 15 to request measurements gaps for OTDOA for E-UTRA could be extended to include a request for increased PRS transmission as well as a request for measurement gaps for NR.
Figure 2 shows an example procedure supporting gNB control.

 	
Figure 2: Procedure to support gNB control of DL PRS Transmission 
1. In some scenarios, the UE receives a location request from an internal client (e.g. an App).
2. In other scenarios, the UE receives a location request from an LMF using LPP.
3.	If step 1 or 2 occurs, the UE may determine that an increase in PRS transmission is needed (e.g. increased PRS bandwidth, increased duration of positioning occasions or PRS transmission from more nearby gNBs) to meet QoS requirements. The UE then sends a random access request or CCCH RRC request to a camped-on gNB when in idle state or some other RRC or LPP request to a serving gNB when in connected state and includes a request for increased PRS transmission. The request may include the PRS capabilities of the UE and/or parameters for preferred PRS configurations (e.g. which may include a preferred PRS bandwidth, a preferred duration of PRS positioning occasions and/or preferred PRS beam directions for certain gNBs if known by the UE) and a preferred number of nearby gNBs to which this applies. In order to reduce signaling bits, gNBs may indicate supported PRS configurations to UEs including full parameter details (e.g. in positioning SI messages) to allow a UE to indicate preferred or supported PRS configurations by referencing the PRS configurations supported by the gNBs (e.g. using a bit map or integer).
4.	In other scenarios where steps 1-3 do not occur, a serving gNB (here gNB1) may need to obtain or assist in obtaining a location for the UE using a location procedure between the UE and gNB. The location procedure may be instigated at the serving gNB by a location request received from the UE, a location request for the UE received from a serving AMF (e.g. using NGAP), or a location request for the UE received from an LMF (e.g. using NRPPa). In each of these cases, the serving gNB may determine that increased PRS transmission is needed to support the location procedure (e.g. to enable the serving gNB to request and obtain DL PRS measurements from the UE as part of the location procedure).
5.	Based on the request in step 3 or the requirements for the location procedure in step 4, the serving or camped-on gNB (gNB1 in this example) determines a new PRS configuration for itself and may determine nearby gNBs and a new PRS configuration for each of these gNBs (e.g. based on a preferred number of gNBs indicated at step 3 or determined as part of step 4). The determination at step 5 may also be based on PRS requests received from other UEs as in step 3 and/or on location procedures for other UEs as in step 4 which occur at about the same time. The new PRS configuration for each gNB may use increased PRS bandwidth, a longer duration of PRS positioning occasions, PRS transmission on new frequencies, and/or a higher frequency of PRS positioning occasions and may, in some cases, be selected from a set of one or more preconfigured sets of PRS configuration parameters to support increased PRS transmission. In the case of support for directional PRS beams, the serving or camped-on gNB may determine directional PRS beams for each gNB which should be received by the target UE, or by any UE in a set of target UEs when the gNB increases PRS transmission for multiple target UEs, and may provide a new PRS configuration only for these directional PRS beams. The directional PRS beams may be selected by the serving or camped-on gNB according to a known approximate location for the target UE (or known approximate locations for a set of target UEs), e.g. as given by the coverage area of the serving or camped-on cell for each UE.
6.	If nearby gNBs were determined at step 5, the serving or camped-on gNB sends an XnAP PRS Reconfiguration Request message to each of these gNBs and includes the new PRS configuration determined at step 5 for each gNB. The request may also include a start time for each new PRS configuration and a duration and may include the PRS configurations and the identities for some or all of the gNBs determined at step 5 so that each gNB can correctly include the PRS configurations for these gNBs in SI messages sent at step 9.
7.	If step 6 occurs, each of the gNBs returns a response to the serving or camped-on gNB indicating whether the new PRS configuation can be supported. If some gNBs indicate that a new PRS configuration cannot be supported, the serving or camped-on gNB may perform steps 16 and 17 to restore the old PRS configuration in each gNB which indicated a new PRS configuration can be supported in order to avoid interference between gNBs which support a new PRS configuration and gNBs which continue to support an old PRS configuration. In this case, steps 8 and 9 are omitted and the procedure continues with the UE measuring the old PRS for all gNBs at step 10.
8.	Optionally, the serving or camped-on gNB sends an NRPPa PRS Reconfiguration Notification to one or more LMFs and includes the new PRS configuration for each gNB which acknowledged a new PRS configuration in step 7.
9.	Each of the gNBs which acknowledged a new PRS configuration at step 7 changes from an old PRS configuration to the new PRS configuration either after (or just before) sending the acknowledgment at step 7 if no start time was provided or at the start time indicated in step 6. In some cases, the old PRS configuration may correspond to not transmissioning a DL PRS. Each gNB may also provide an indication of the new PRS configurations for itself and one or more nearby gNBs in SI messages (e.g. positioning SI messages) to enable served or camped-on UEs to become aware of the new PRS configurations.
10.	The target UE acquires and measures the PRS transmission by one or more gNBs at step 9 according to the new PRS configurations. For example the UE may obtain RSTD measurements when OTDOA is used. The UE may determine the new PRS configurations from SI messages transmitted by the serving or camped-on gNB or from an RRC or LPP message sent by a serving gNB as part of a location procedure between the UE and serving gNB in the case that step 4 occurs. 
11.	If step 1 occurred or if UE based positioning was requested as part of step 2 or step 4, the UE determines its location based on the PRS measurements obtained at step 10 and any assistance data that was received (e.g in SI messages from the serving or camped-on gNB when step 1 occurs, from the serving gNB when step 4 occurs or from the LMF when step 2 occurs).
12.	If step 1 occurs, the UE provides the location obtained at step 11 to the internal client (e.g. an App).
13.	If step 2 occurs, the UE sends the location obtained at step 11 when step 11 occurs or the PRS measurements obtained at step 10 to the LMF (using LPP).
14.	If step 4 occurs, the UE may return the location obtained at step 11 when step 11 occurs or the PRS measurements obtained at step 10 to the serving gNB as part of the location procedure with the serving gNB.
15.	After the PRS measurements at step 10 are complete and if step 3 occurs, the UE may send a random access request to the same camped-on gNB as at step 3 when in idle state or an RRC or LPP request to the same serving gNB when in connected state and includes an indication that increased PRS transmission is no longer needed. In the case of a random access request, the UE may include a common identifier in the requests sent at steps 3 and 15 to enable the camped-on gNB to associate the two requests.
16.	If a duration was not included at step 6 and if a request was received at step 15 and if other gNBs were determined at step 5, the serving or camped-on gNB may send an XnAP PRS Reconfiguration Request message to each of the gNBs which acknowledged a new PRS configuration at step 7 and includes a request to restore the old PRS configuration for each gNB. When increased PRS transmission was due to requests or location procedures for multiple UEs, the serving or camped-on gNB may wait until increased PRS transmission is no longer needed for these UEs (e.g. as indicated by steps similar to step 15 for these UEs or by termination of location procedures between the UEs and the gNB) before sending the XnAP PRS Reconfiguration Request messages to the gNBs at step 16 to restore the old PRS configurations.
17.	Each of the gNBs may return a response to the serving or camped-on gNB indicating whether the old PRS configuration can be restored. 
18.	Optionally, the serving or camped on gNB sends an NRPPa PRS Reconfiguration Notification to one or more LMFs and includes an indication of restoring the old PRS configuration for each gNB which acknowledged the old PRS configuration in step 17.
19.	Each of the gNBs begins transmitting the old PRS configuration when the duration received (or sent) in step 6 expires, after receiving and acknowledging the request to restore the old PRS configuration at steps 16 and 17, or after determining that increased PRS transmission is no longer needed (e.g. following step 15 when step 15 occurs) in the case of the serving or camped-on gNB. 

Observation 4:	A procedure to support gNB control of on demand transmission of DL PRS for NR appears feasible and can be used by a serving or camped-on gNB to coordinate increased DL PRS transmission by itself and other nearby gNBs after receiving a request for increased PRS transmission from one or more UEs or to support a location procedure with one or more UEs.

4. 	Coordinating Change of PRS Transmission among multiple gNBs
An increase in PRS transmission from one gNB may cause interference to transmission from other gNBs and to transmission from UEs with TDD. Similarly, transmission from other gNBs may interfere with increased PRS transmission from a gNB.
In a synchronized or approximately synchronized NG-RAN, interference can be reduced by using the same PRS configuration in each cell with regard to bandwidth, carrier frequency, subcarriers and duration and occurrence of positioning occasions. In this case, in each cell, PRS will either be transmitted or muted during the same time intervals for the same set of subcarriers and will only interfere with and receive interference from PRS transmitted in other cells. However, when additional resource elements (REs) are assigned in one cell to increase PRS transmission in this cell, the PRS transmission in those additional REs will interfere with and receive interference from corresponding non-PRS REs for other cells.
To avoid or reduce the additional interference, the following alternatives are possible.
Option A	Increase PRS transmission over a whole network in a consistent manner such that the same set of additional REs are used for PRS transmission or are muted at each subframe occurrence in all cells.
Option B	Increase PRS transmission over one contiguous target area of a network and create a buffer zone around the target area in which counterparts to the additional REs assigned for increased PRS transmission within the target area are muted for cells within the buffer zone. The buffer zone will reduce interference between non-PRS transmission from cells outside the buffer zone and the additional PRS transmission from cells within the target area, as illustrated in Figure 3. The target area would include the approximately known location(s) (e.g. the serving cell coverage area(s)) of the target UE(s) for the increased PRS transmission and might include additional gNBs and associated cells at the periphery which contain no target UEs in order to improve the geometry for increased PRS transmission for the target UEs. In the event that there are several different target areas which need increased PRS transmission (e.g. for one or more target UEs in each separate target area), the separate target areas may be combined if overlapping or close to one another and may use a combined buffer zone which surrounds the combined set of target areas, as shown by the example in Figure 4 for a combination of 3 target areas. 



Figure 3: Coordination of Increased PRS Transmission among gNBs using Option B 

 
Figure 4: Combined areas of increased PRS transmission with a combined buffer zone

Option C	Restrict increased PRS transmission to directional PRS beams and/or use lower power for the increased PRS transmission, such that additional interference from the increased PRS transmission will not be significant outside the target area of increased PRS transmission. For example, in the case of directional PRS transmission, gNBs that are well inside the target area of increased PRS transmission can transmit increased PRS omni-directionally, whereas gNBs at or near the periphery of the target area can transmit increased PRS only within the target area and not outside the target area, by increasing PRS transmission only for PRS beams directed into the target area, as shown by the example in Figure 5.


Figure 5: Directional increased PRS transmission within an area without a Buffer zone

Option A allows for increased PRS transmission but only over a whole network. Thus, for example, increased PRS transmission could be efficiently correlated with an increase in the overall average demand for PRS measurements (e.g. an increase in the number of UEs being positioned at any one time) but not with an increase in demand that is purely local such as at a sports stadium or convention center, where there may be a high local demand that may not be reflected elsewhere in a network. Option A appears to be suitable for LMF control because an LMF can coordinate change in PRS over a whole network. However, option A may not suitable for gNB control because each gNB may only be aware of PRS demand in its own local area and may only coordinate change in PRS transmission over a small area of interconnected gNBs.
Option B allows for localized change of PRS transmission over a small target area and is thus suitable for both LMF control and gNB control. However, there may be conflicts when increased PRS transmission is needed in several nearby target areas A1, A2, A3 etc. whose corresponding buffer zones B1, B2, B3 etc. overlap with other target areas (e.g. with A1 and B2 overlapping). In addition, different nearby gNBs may request increased PRS transmission within the same target area or within overlapping target areas at similar times, which would increase the complexity of synchronizing the increases in PRS transmission. Such conflicting requests could be reconciled by a central element such as an LMF which is aware of all the requests as shown in the example in Figure 4, where separate overlapping target areas of increased PRS transmission are combined into one larger target area with one combined surrounding buffer zone. For these reasons, option B does not appear suitable for gNB control. Thus, option B could be used for LMF control because an LMF can ensure that target areas of increased PRS transmission and corresponding buffer zones are not in conflict. For example, option B could be used to support increased PRS transmission for a sports stadium, shopping mall or convention center without requiring increased PRS transmission throughout an entire network as in option A.	
Option C appears suitable for both LMF control and gNB control because increased PRS transmission can be supported using the example procedures in sections 2 and 3 without needing to consider gNBs whose PRS transmission is not increased. In the case of gNB control, requests from different nearby gNBs to increase PRS transmission by the same gNBs at different times could be supported by requiring each gNB to transmit increased PRS so long as increased PRS is needed for at least one served or camped-on UE or for at least one other gNB. 

Observation 5:	Three different options are available to coordinate change of PRS transmission among multiple gNBs without creating severe interference between the increased PRS transmission and non-PRS transmission from other gNBs. LMF control is suitable for all three options, whereas gNB control is only suitable for one option.


5. 	Comparison of LMF Control and gNB Control 
The discussion of options A, B and C in section 4 shows that LMF control is suitable for all three options whereas gNB control is only suitable for option C. However, gNB control has some other advantages which include the following:
-	Ability to support UE based positioning for UEs caused by a request from an internal UE client.
-	Ability to respond to a UE request for increased PRS transmission with low latency.
-	Ability to support on demand PRS transmission in networks without an LMF.
-	Ability to more effectively synchronize increased DL PRS transmission with measurements of DL PRS transmission by a UE and possibly UL measurements of UE signals by gNBs (e.g. to support RTT).
None of these advantages apply to LMF control. However, LMF control has its own advantages which include:
-	Ability to coordinate increased PRS transmission over multiple gNBs more flexibly than gNB control (as shown by the evaluation of Options A-C in section 4).
-	Ability to increase PRS transmission in advance of requesting PRS measurements from a UE by an LMF.
-	No extra impact to UEs.

Observation 6:	LMF control and gNB control of on demand PRS transmission have different sets of advantages and disadvantages.

6. 	Procedure for Enhanced LMF control of DL PRS Transmission
To obtain the advantages of both LMF control and gNB control of on demand PRS transmission, a procedure that combines aspects of the two previous procedures can be used. One such combined procedure is shown in Figure 6 and is referred to as enhanced LMF control since control remains in the LMF.

 
Figure 6: Procedure to support Enhanced LMF control of DL PRS Transmission 
1.	The LMF sends an NRPPa PRS Notification Request to gNB1 to request subsequent notification of a need for increased PRS transmission. The request may include a duration of notification reporting, criteria for sending a notification as at step 4 and a minimum interval between successive notifications.
2.	gNB1 sends as acknowledgment of the request in step 1 to the LMF. Steps similar to steps 1-2 may occur for other gNBs (e.g. gNBs 2 and 3).
3.	Steps 1-4 of Figure 2 are performed.
4.	Based on the request in step 3 for Figure 2 or on the requirements for the location procedure in step 4 for Figure 2, and the criteria provided in step 1 for sending a notification, gNB1 sends an NRPPa PRS Notification Report to the LMF to request increased PRS transmission and may include preferred or supported PRS configuations and possibly a preferred number of gNBs. In some cases, gNB1 may wait to determine a need for increased PRS transmission for additional UEs and may combine the notification for all UEs into one NRPPa PRS Notification Report to the LMF which also indicates the number of UEs to which this applies.
5.	Based on the notification in step 4, the LMF determines gNBs (e.g. gNBs 1, 2 and 3 in Figure 6) to which inceased PRS transmission applies and a new PRS configuration for each of the gNBs. The determination at step 5 may also be based on other NRPPa PRS Notification Reports received from other gNBs (e.g. gNBs 2 and 3) at about the same time. The new PRS configuration for each gNB may use increased PRS bandwidth, a longer duration of PRS positioning occasions, PRS transmission on new frequencies, and/or a higher frequency of PRS positioning occasions and may, in some cases, be selected from a set of one or more preconfigured sets of PRS configuration parameters to support increased PRS transmission. In the case of support for directional PRS beams, the LMF may determine directional PRS beams for each gNB which should be received by any target UE, and may provide a new PRS configuration only for these directional PRS beams. The directional PRS beams may be selected by the LMF according to known approximate locations for target UEs, e.g. as given by the coverage area of each gNB which requests an increase in PRS transmission.
6.	The LMF sends an NRPPa PRS Reconfiguration Request message to each of the gNBs determined at step 5 and includes the new PRS configuration determined for that gNB. The request may also include a start time for each new PRS configuration and a duration and may include the PRS configurations and the identities for some or all of the gNBs determined at step 5 so that each gNB can correctly include the PRS configurations for these gNBs in SI messages sent at step 8.
7.	Each of the gNBs returns a response to the LMF indicating whether the new PRS configuration can be supported. If some gNBs indicate that a new PRS configuration cannot be supported, the LMF may perform steps 12 and 13 to restore the old PRS configuration in each of the gNBs which indicated a new PRS configuration can be supported in order to avoid interference between gNBs which support the new PRS configuration and gNBs which do not.
8.	Each of the gNBs which acknowledged support of a new PRS configuration at step 7 changes from an old PRS configuration to the new PRS configuration either after (or just before) sending the acknowledgment at step 7 if no start time was provided or at the start time indicated in step 6. In some cases, the old PRS configuration may correspond to not transmitting a DL PRS. Each gNB may also provide an indication of the new PRS configuration for itself and one or more nearby gNBs (e.g. as provided by the LMF at step 6) in SI messages (e.g. positioning SI messages) to enable served or camped-on UEs to become aware of the new PRS configurations.
9.	The UE acquires and measures the PRS transmitted by one or more gNBs at step 8 according to the new PRS configurations. For example the UE may obtain RSTD measurements when OTDOA is used. The UE may determine the new PRS configurations from SI messages transmitted by a serving or camped-on gNB (e.g. gNB1) or from an RRC message sent by a serving gNB as part of a location procedure between the UE and serving gNB.
10.	Steps 11-15 of Figure 2 are performed
11.	When increased PRS transmission is no longer needed by gNB1 and if the criteria received in step 1 allow for notification of this to the LMF, gNB1 sends an NRPPa PRS Notification Report to the LMF to indicate that the old PRS configurations can be restored.
12.	Based on the notification received at step 11 and possibly on similar notifications received from other gNBs (e.g. gNBs 2 and 3) and if a duration was not included at step 6, the LMF may send an NRPPa PRS Reconfiguration Request message to each of the gNBs which acknowledged a new PRS configuration at step 7 and includes a request to restore the old PRS configuration for each gNB.
13.	Each of the gNBs may return a response to the LMF indicating whether the old PRS configuration can be restored. 
14.	Each of the gNBs begins transmitting the old PRS configuration when the duration received in step 6 expires or after receiving and acknowledging the request to restore the old PRS configuration at steps 12 and 13. 
The procedure shown in Figure 6 is mostly a superset of the procedure for LMF control shown in Figure 1, which means that an LMF and gNBs could efficiently support both procedures. The advantages of both procedures include the following.
-	Ability to coordinate increased PRS transmission over multiple gNBs more flexibly than gNB control (as shown by the evaluation of Options A-C on section 4).
-	Ability to increase PRS transmission in advance of requesting PRS measurements from a UE by an LMF.
-	Ability to support UE based positioning for UEs caused by a request from an internal UE client.
-	Ability to respond to a UE request for increased PRS transmission with low latency (though higher latency than with gNB control).

Observation 7:	The enhanced LMF control procedure has all the advantages of LMF control and some of the advantages of gNB control.

7. 	Proposal 
The following observations have been made. 
Observation 1:	Support for on demand transmission of DL PRS for NR could enable reduced network bandwidth usage for DL PRS when no UEs need to acquire and measure PRS and improved positioning accuracy and/or latency when one or more UEs need to acquite and measure PRS.
Observation 2:	Increased PRS transmission can be restricted to only certain sets of PRS configuration parameters to simplify the control and transmission of increased PRS. In a simplest case, PRS transmission might be turned off when not needed and turned on when needed according some default set of PRS configuration parameters.
Observation 3:	A procedure to support LMF control of on demand transmission of DL PRS for NR appears feasible and can be used by an LMF to support a location request for a target UE received from an AMF.
Observation 4:	A procedure to support gNB control of on demand transmission of DL PRS for NR appears feasible and can be used by a serving or camped-on gNB to coordinate increased DL PRS transmission by itself and other nearby gNBs after receiving a request for increased PRS transmission from one or more UEs or to support a location procedure with one or more UEs.
Observation 5:	Three different options are available to coordinate change of PRS transmission among multiple gNBs without creating severe interference between the increased PRS transmission and non-PRS transmission from other gNBs. LMF control is suitable for all three options, whereas gNB control is only suitable for one option.
Observation 6:	LMF control and gNB control of on demand PRS transmission have different sets of advantages and disadvantages.
Observation 7:	The enhanced LMF control procedure has all the advantages of LMF control and some of the advantages of gNB control.
Based on these observations, the following proposal is made. 

Proposal 1:	Support on demand DL PRS transmission procedures where the DL PRS transmission configuration can be controlled/determined by an LMF and gNB.
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