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At RAN#91e, the work item on NR positioning enhancements was updated to include the following objective [1]:
· Specify on-demand transmission and reception of DL PRS for DL and DL+UL positioning for UE-based and UE-assisted positioning solutions, including: [RAN2, RAN1, RAN3]
-	UE-initiated request of on-demand DL PRS transmission; 
-	LMF (network)-initiated request of on-demand DL PRS transmission; 
In this contribution, we propose the procedures for LMF and UE initiated on-demand DL-PRS. 
2. 	On-Demand PRS
On-Demand DL-PRS refers to the capability to allow a UE or LMF to request DL-PRS for positioning measurements or a change in available DL-PRS such as 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, etc.) and possibly to indicate when (increased) DL-PRS transmission is no longer needed. 
Increased DL-PRS transmission could be simplified by being restricted to only certain DL-PRS configurations which might be configured in gNBs and/or an LMF using O&M. For example, there might be one set of DL-PRS configuration parameters corresponding to "normal" DL-PRS transmission in the absence of any request for increased DL-PRS transmission. In some networks, the "normal" DL-PRS transmission might equate to no DL-PRS transmission at all (to minimize resource usage). There could then be one or more levels of increased DL-PRS transmission each associated with a different set of DL-PRS configuration parameters such as parameters defining DL-PRS bandwidth, DL-PRS frequencies, duration of DL-PRS positioning occasions and periodicity of DL-PRS positioning occasions. The restriction of increased DL-PRS transmission to only certain sets of DL-PRS configration parameters could simplify the control and transmission of increased DL-PRS. For example, in the simplest case, DL-PRS transmission might just be turned on when needed, according to a default set of DL-PRS configuration parameters, and turned off when not needed.  

Proposal 1:	The on-demand DL-PRS procedures should allow operator specific configurations of DL-PRS, where 		configuations are (e.g.) numbered. Each configuration can have a set of associated DL-PRS 					parameters (e.g. defining bandwidth, duration, power, periodicity, frequency range, muting, etc.). 
Proposal 2:	The set of DL-PRS parameter which can be changed dynamically and requested by UE/LMF should 		be decided by RAN1. 

An increase in DL-PRS transmission from one gNB may cause interference to transmission from other gNBs. Similarly, transmission from other gNBs may interfere with increased DL-PRS transmission from a gNB.
In a synchronized or approximately synchronized NG-RAN, interference can be reduced by using the same DL-PRS configuration in each cell with regard to bandwidth, carrier frequency, duration and occurrence of positioning occasions. In this case, in each cell, DL-PRS will either be transmitted or muted during the same time intervals and will only interfere with and receive interference from DL-PRS transmitted in other cells. However, when additional DL-PRS resources are assigned in one cell to increase DL-PRS transmission in this cell, the PRS transmission in those additional resources will interfere with and receive interference from corresponding non-PRS resources for other cells.
To avoid or reduce the additional interference, an increase of DL-PRS transmission could be configured over a whole network in a consistent manner, or over contiguous target areas of a network with a buffer zone around the target areas.

Proposal 3:	The on-demand DL-PRS procedures should allow coordinating the change of DL-PRS transmission 		among multiple gNBs without creating (severe) interference between the increased DL-PRS 				transmission and non-DL-PRS transmission from other gNBs. 
3.	Procedure for LMF-triggered On-Demand DL-PRS Transmission
An LMF would determine changes to DL-PRS transmission and send an NRPPa message to affected gNBs/TRPs to request a change to DL-PRS transmission. The LMF could determine the changes based on QoS requirements for location requests and on the capabilities of target UEs and gNBs to support increased/decreased DL-PRS transmission. 
The proposed procedure is shown in Figure 1.
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Figure 1: Procedure to support LMF-triggered On-Demand 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 to request the positioning capabilities of the UE.
3.	The UE returns an LPP Provide Capabilities message to the LMF 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 DL-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 DL-PRS configuration for each gNB may use increased DL-PRS bandwidth, a longer duration of DL-PRS positioning occasions, DL-PRS transmission on new frequencies, and/or a higher frequency of DL-PRS positioning occasions, etc. The DL-PRS configuration may be selected from a set of one or more preconfigured sets of DL-PRS configuration parameters to support increased DL-PRS transmission. In case of directional DL-PRS beams, the LMF may determine directional DL-PRS beams for each gNB which should be received by the target UE. The directional DL-PRS beams may be selected by the LMF according to a known approximate location for the target UE, e.g. as given by the serving cell provided in step 1.
5.	The LMF sends an NRPPa DL-PRS Reconfiguration Request message to each of the gNBs determined at step 4 and includes the new DL-PRS configuration determined for that gNB. The request may also include a start time for each new DL-PRS configuration and a duration.
6.	Each of the gNBs returns a response to the LMF indicating whether the new DL-PRS configuration can be supported. If some gNBs indicate that a new DL-PRS configuration cannot be supported, the LMF may perform steps 15 and 16 to restore the old DL-PRS configurations in each of the gNBs which indicated a new DL-PRS configuration can be supported in order to avoid interference between gNBs which support the new DL-PRS configuration and gNBs which do not. In this case, the LMF would provide the old DL-PRS configurations to the UE at step 8 instead of the new DL-PRS configurations.
7.	Each of the gNBs which acknowledged support of a new DL-PRS configuration at step 6 changes from an old DL-PRS configuration to a new DL-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 DL-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 DL-PRS configurations determined at step 4 and acknowledged at step 6.
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 DL-PRS configurations. 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 DL-PRS configurations provided at step 8. 
11.	If UE based positioning was requested at step 9, the UE determines its location based on the DL-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 DL-PRS measurements obtained at step 10 or the UE location obtained at step 11.
13.	The LMF determines the UE location based on any DL-PRS measurements 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 DL-PRS Reconfiguration Request message to each of the gNBs determined at step 4 and includes a request to restore the old DL-PRS configuration for each gNB.
16.	Each of the gNBs returns a response to the LMF indicating whether the old DL-PRS configuration can be restored. 
17.	Each of the gNBs begins transmitting the old DL-PRS configuration either when the duration received in step 5 expires or after receiving and acknowledging the request to restore the old DL-PRS configuration at steps 15 and 16.

Proposal 4:	Define a NRPPa procedure which allows an LMF to request a change of DL-PRS transmission from 		multiple gNBs/TRPs: The NRPPa procedure should support at least the following functionality:
-	Provide the DL-PRS configuration from a set of preconfigured DL-PRS configuration parameter from an LMF to selected gNBs/TRPs.
-	Provide a starting time for each new DL-PRS configuration and a duration from an LMF to the selected gNBs/TRPs.
-	Provide an indication from the target gNBs/TRPs to the LMF indicating whether the new/requested DL-PRS configuration can be supported.

4. 	Procedure for UE-triggered On-Demand DL-PRS Transmission
A UE would determine changes to DL-PRS transmission and sends a Mobile-Originated Location Request (MO-LR) to an LMF to request a DL-PRS transmission from the network on-demand.
An example procedure is shown in Figure 2.
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Figure 2: Procedure to support UE-triggered On-Demand DL-PRS Transmission.

0.	The UE receives a location request from an internal client (e.g. an App). The UE determines that an increase in DL-PRS transmission is needed (e.g. increased DL-PRS bandwidth, increased duration of positioning occasions, DL-PRS transmission from more nearby gNBs, etc.) to meet the QoS requirement from the application.
1.	If the UE is in CM-IDLE state, the UE instigates the UE triggered Service Request as defined in clause 4.2.3.2 of 3GPP TS 23.502 in order to establish a signalling connection with the AMF.
2.	The UE sends an MO-LR Request message included in an UL NAS TRANSPORT message to the serving AMF including a request for increased DL-PRS transmission. The request may include the DL-PRS capabilities of the UE (e.g. in an embedded Provide Capabilities message) and parameters for preferred DL-PRS configurations (which may include a preferred DL-PRS bandwidth, a preferred duration of DL-PRS positioning occasions, preferred DL-PRS beam directions for certain gNBs if known by the UE, etc.).
The requested DL-PRS configuration parameter are provided in a LPP Request Assistance Data message included in the MO-LR Request.
The MO-LR Request message may also include a time duration for how long the requested DL-PRS configuration is required at the UE (e.g., number of seconds or minutes for which the DL-PRS configuration is required).
The MO-LR Request message may also include an (unsolicited) LPP Provide Location Information message (e.g., incl. E-CID measurements).
3.	The AMF selects an LMF; e.g. as desribed in 3GPP TS 23.273, section 5.1.
4.	The AMF invokes the Nlmf_Location_DetermineLocation service operation towards the LMF. The service operation includes the MO-LR Request from Step 2.
5.	Based on the request in step 4 the LMF determines a new DL-PRS configuration for nearby gNBs (e.g. based on a preferred number of gNBs indicated at step 2).
The determination at step 5 may also be based on DL-PRS requests received from other UEs as in step 2 and/or on location procedures for other UEs which occur at about the same time.
The new DL-PRS configuration for each gNB may use increased DL-PRS bandwidth, a longer duration of DL-PRS positioning occasions, DL-PRS transmission on new frequencies, and/or a higher frequency of DL-PRS positioning occasions, etc.
The new DL-PRS configuration may be selected from a set of one or more preconfigured sets of DL-PRS configuration parameters, as mentioned in section 2 above. 
In the case of beamformed DL-PRS, the LMF may determine directional DL-PRS beams for each gNB which should be received by the UE. The directional DL-PRS beams may be selected by the LMF according to a known approximate location for the target UE, e.g. as given by the coverage area of the serving or camped-on cell for the UE.
6.	The LMF sends an NRPPa DL-PRS Reconfiguration Request message to each of the gNBs determined at step 5 and includes the new DL-PRS configuration determined for that gNB. The request may also include a start time for each new DL-PRS configuration and a duration (e.g., as requested by the UE at Step 2 or determined by the LMF at step 5).
7.	Each of the gNBs returns a response to the LMF indicating whether the new DL-PRS configuration can be supported. If some gNBs indicate that the new DL-PRS configuration cannot be supported, the LMF may perform steps 15 and 16 to restore the old DL-PRS configurations in each of the gNBs which indicated a new DL-PRS configuration can be supported in order to avoid interference between gNBs which support the new DL-PRS configuration and gNBs which do not. In this case, the LMF would provide the old DL-PRS configurations to the UE at step 9 instead of the new DL-PRS configurations.
8.	Each of the gNBs which acknowledged support of a new DL-PRS configuration at step 7 changes from an old DL-PRS configuration to a new DL-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 DL-PRS configuration may correspond to not transmitting a DL-PRS.
Note, in some cases the start time for switching to the new DL-PRS configuration may result in transmitting the new DL-PRS after Step 9 or 10/11. This may typically be the case when the new DL-PRS configuration consists of a single or a few DL-PRS occasions only.
9.	The LMF sends an LPP Provide Assistance Data message to the target UE to provide the new DL-PRS configurations determined at step 5 and acknowledged at step 7.
10.	When the assistance data with the new DL-PRS configuration has been transferred to the UE, the LMF returns the Nlmf_Location_DetermineLocation Response towards the AMF. The response (or the message at Step 9) may also include the start time for each new DL-PRS configuration and a duration. If the on-demand DL-PRS request from step 2 could not be fulfilled, a failure cause is included in the service operation.
11.	The AMF forwards the response from Step 10 to the target UE.
12.	The target UE acquires and measures the DL-PRS transmitted by the gNBs according to the new DL-PRS configurations provided at step 9. For example, the UE may obtain RSTD measurements.
13.	The UE determines its location based on the DL-PRS measurements obtained at step 12 and the assistance data received at step 9.
14.	The UE provides the location estimate to the internal client which requested the location at Step 0.
15.	If a duration for the new DL-PRS was not included at step 6, the LMF may send an NRPPa DL-PRS Reconfiguration Request message to each of the gNBs determined at step 5 and includes a request to restore the old DL-PRS configuration for each gNB. The LMF may use the determined duration for the DL-PRS from Step 5 to decide when to perfom this Step. 
16.	Each of the gNBs returns a response to the LMF indicating whether the old DL-PRS configuration can be restored. 
17.	Each of the gNBs begin transmitting the old DL-PRS configuration either when the duration received in step 6 expires or after receiving and acknowledging the request to restore the old DL-PRS configuration at steps 15 and 16.

Proposal 5:	Define a LPP Request Assistance Data message (or an extenion of 												NR‑Multi‑RTT‑RequestAssistanceData, NR‑DL‑AoD-RequestAssistanceData, 								NR‑DL‑TDOA‑RequestAssistanceData), which allows a UE to request DL-PRS transmission or a 			change of DL-PRS transmission from multiple gNBs/TRPs. 
			The LPP Request Assistance Data message should support at least the following functionality:
-	Request a desired DL-PRS configuration for a preferred number of gNBs/TRPs around the a-priori UE location. 
-	Provide a desired starting time and duration for the new DL-PRS configuration.
			The corresponding LPP Provide Assistance Data message should support at least the following 				functionality:
-	Provide the IE NR-DL-PRS-AssistanceData to the target device (no changes to Rel-16 functionality are foreseen).
-	Provide the starting time and duration (validity time) for the LPP Provide Assistance Data message.

NOTE:	The LPP Request Assistance Data message (possibly together with unsolicited LPP Provide Capabilities and LPP Provide Location Information) can be provided in a Rel-16 5GC MO-LR. No changes to LCS-MOLR operation seem required; i.e., the MOLR-Type assistanceData [2] can apply to on‑demand PRS.

5. 	Summary
In this contribution, we discussed the procedures for LMF and UE initiated on-demand DL-PRS. The following proposals were made.
Proposal 1:	The on-demand DL-PRS procedures should allow operator specific configurations of DL-PRS, where 		configuations are (e.g.) numbered. Each configuration can have a set of associated DL-PRS 					parameters (e.g. defining bandwidth, duration, power, periodicity, frequency range, muting, etc.). 
Proposal 2:	The set of DL-PRS parameter which can be changed dynamically and requested by UE/LMF should 		be decided by RAN1. 
Proposal 3:	The on-demand DL-PRS procedures should allow coordinating the change of DL-PRS transmission 		among multiple gNBs without creating (severe) interference between the increased DL-PRS 				transmission and non-DL-PRS transmission from other gNBs. 
Proposal 4:	Define a NRPPa procedure which allows an LMF to request a change of DL-PRS transmission from 		multiple gNBs/TRPs: The NRPPa procedure should support at least the following functionality:
-	Provide the DL-PRS configuration from a set of preconfigured DL-PRS configuration parameter from an LMF to selected gNBs/TRPs.
-	Provide a starting time for each new DL-PRS configuration and a duration from an LMF to the selected gNBs/TRPs.
-	Provide an indication from the target gNBs/TRPs to the LMF indicating whether the new/requested DL-PRS configuration can be supported.
Proposal 5:	Define a LPP Request Assistance Data message (or an extenion of 												NR‑Multi‑RTT‑RequestAssistanceData, NR‑DL‑AoD-RequestAssistanceData, 								NR‑DL‑TDOA‑RequestAssistanceData), which allows a UE to request DL-PRS transmission or a 			change of DL-PRS transmission from multiple gNBs/TRPs. 
			The LPP Request Assistance Data message should support at least the following functionality:
-	Request a desired DL-PRS configuration for a preferred number of gNBs/TRPs around the a-priori UE location. 
-	Provide a desired starting time and duration for the new DL-PRS configuration.
			The corresponding LPP Provide Assistance Data message should support at least the following 				functionality:
-	Provide the IE NR-DL-PRS-AssistanceData to the target device (no changes to Rel-16 functionality are foreseen).
-	Provide the starting time and duration (validity time) for the LPP Provide Assistance Data message.

NOTE:	The LPP Request Assistance Data message (possibly together with unsolicited LPP Provide Capabilities and LPP Provide Location Information) can be provided in a Rel-16 5GC MO-LR. No changes to LCS-MOLR operation seem required; i.e., the MOLR-Type assistanceData [2] can apply to on‑demand PRS.
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