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The work item on NR positioning enhancements includes 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; 
Initial discussion on this topic at RAN2#113bis resulted in the following agreements [2]:
Agreements:
UE-initiated on-demand PRS request is enabled by enhancing LPP RequestAssistanceData.  FFS how much control the network has over the UE request.
[bookmark: _Hlk71006549]The UE-initiated mechanism is enabled by the UE request triggering a request from the LMF, and the actual PRS changes are requested by the LMF irrespective of whether the procedure is UE- or LMF-initiated.
Put the stage 2 description for UE-initiated and LMF-initiated PRS request under the same framework.

Discussions at RAN2#114 resulted in the following agreements [3]:
Agreements:
The network can signal predefined PRS configurations to the UE and the UE can select one to request.  FFS if the UE can request a configuration with different parameters and exactly which parameters are flexible.


Agreements:
Proposal 2:	Define a new LPP assistance data IE which can contain a set of possible on-demand DL-PRS configurations, where each on-demand DL-PRS configuration has an associated identifier. 
Proposal 3 (modified): The new LPP assistance data IE from Proposal 2 can be included in an LPP Provide Assistance Data message and/or a new posSIB.


Agreement:
Proposal 4 (modified):	The procedure(s) for on-demand DL-PRS should support at least the following functionality (up to RAN3 what is in NRPPa vs. OAM, etc.):
-	Providing the requested on-demand DL-PRS configuration information from an LMF to the gNB (e.g., explicit parameter or identifier of a predefined DL-PRS configuration), and confirmation of the request by the gNB
-	Provision of (possible/allowed) on-demand DL-PRS configurations that the gNB can support from a gNB to an LMF
-	TRP capability transfer (e.g., whether the RAN node supports the reconfiguration of DL-PRS, etc.)

An LS was sent to RAN1 in [4] requesting RAN1 to define the list of parameters for on-demand DL-PRS requests.
A further LS was sent to RAN3 in [5] informing RAN3 about the RAN2 agreements summarized above. RAN3 also developed a first version of an NRPPa baseline CR at RAN3#112-e [6].

In this contribution, we propose a Stage 2 description for on-demand DL-PRS according to the agreements above.


2.	Stage 2 Text Proposal

=========================== Begin Text Proposal for TS 38.305 ================================
[bookmark: _Toc37338167][bookmark: _Toc46489010][bookmark: _Toc52567363][bookmark: _Toc67987302]7.x	Procedures for on-demand DL-PRS
[bookmark: _Toc37338168][bookmark: _Toc46489011][bookmark: _Toc52567364][bookmark: _Toc67987303]7.x.1	General
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 or decrease in resources assigned for DL-PRS transmission (e.g. change of bandwidth, duration of positioning occasions and/or frequency of positioning occasions, etc.) and possibly to indicate when a change in DL-PRS transmission is no longer needed. 
[bookmark: _Toc37338169][bookmark: _Toc46489012][bookmark: _Toc52567365][bookmark: _Toc67987304]7.x.2	On-demand DL-PRS Procedures
This clause defines the overall sequences of operations that may occur in the LMF, AMF, NG-RAN and UE for on-demand DL-PRS. The overall procedure is shown in Figure 7.x.2-1. 



Figure 7.x.2-1: On-demand DL-PRS Procedure.
1.	An LMF may provide one or more posSIBs containing a set of possible on-demand DL-PRS configurations to a gNB in an NRPPa Assistance Information Control message for broadcast in positioning System Information as specified in clause 7.5. Each possible on-demand DL-PRS configuration has an associated identifier. 
2a.	Either: The UE sends an MO-LR Request message included in an UL NAS TRANSPORT message to the serving AMF including a request for on-demand DL-PRS transmission. The MO-LR request carries an LPP Request Assistance Data message as described in clause 7.x.4 defining the parameters for a preferred DL-PRS configuration which may also include a start time and/or a time duration for when and/or how long the requested DL-PRS configuration is required at the UE (e.g., number of seconds, minutes or hours).
The request may in addition include a LPP Provide Capabilities message including the DL-PRS capabilities of the UE, and a LPP Provide Location Information message (e.g., providing E-CID measurements).
2b.	Or:	 Some entity in the 5GC (e.g. GMLC) requests some location service (e.g. positioning) for a target UE to the serving AMF.
2c.	Or: The serving AMF for a target UE determines the need for some location service (e.g. to locate the UE for an emergency call).
3.	The AMF invokes the Nlmf_Location_DetermineLocation service operation towards the LMF. 
If Step 2a was performed, the service operation includes the MO-LR Request from Step 2a.
If Step 2b or 2c was performed, the service operation includes the request for the current location of the UE, the LCS client type and may include a required QoS.
4.	The LMF may perform one or more LPP procedures; e.g. to obtain the DL-PRS positioning capabilities of the UE.
5.	The LMF determines a new DL-PRS configuration for one or more gNBs based on the request received at Step 3 and/or the DL-PRS positioning capabilities of the UE obtained at step 4. The determination at step 5 may also be based on location requests from and/or for other UEs nearby to the target UE which are received by the LMF at about the same time. 
6.	The LMF insitigates a NRPPa DL-PRS Configuration procedure with each of the gNBs determined at Step 5 and as described in clause 7.x.3. If some gNBs indicate that the new DL-PRS configuration cannot be supported, the LMF may perform steps 11 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 may 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 configuration 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 6. 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 as described in clause 7.x.4 to provide the new DL-PRS configurations determined at step 5 and acknowledged at step 6. This message may also include the start time for each new DL-PRS configuration and a duration. 
If Step 2b or 2c was performed the LMF may instigate the LPP and possibly NRPPa procedures to obtain the location of the target UE.
9.	The LMF returns an Nlmf_Location_DetermineLocation Response to the AMF.
If Step 2a was performed, the message indicates whether the DL-PRS Assistance Data have been succesfully transfered.
If Step 2b or 2c was performed, the message includes the location of the target UE.
10.	If Step 2a was performed, the AMF forwards the response from Step 9 to the target UE.
If Step 2b was performed, the AMF forwards the response to the 5GC LCS Entities.
11.	If a duration for the new DL-PRS was not included at step 6, the LMF may instigate a NRPPa DL-PRS Configuration procedure as described in clause 7.x.3 with each of the gNBs determined at step 5 to restore the old DL-PRS configuration for each gNB.
12.	Each of the gNBs begins 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 step 11. In some cases, the old DL-PRS configuration may correspond to not transmitting a DL-PRS.

7.x.3	NRPPa DL-PRS Configuration Procedure
The purpose of this procedure is to enable an LMF to request a change to DL-PRS transmission.
Figure 7.x.3-1 shows the messaging between the LMF and the gNB to perform this procedure.


Figure 7.x.3-1: DL-PRS Configuration Exchange Procedure.
1.	The LMF sends a NRPPa DL-PRS Configuration Request message to the selected gNB to request a change to DL-PRS transmission. The message includes the new DL-PRS configuration information determined for that gNB and may also include a start time for each new DL-PRS configuration and a duration as defined in clause 7.x.5. 
2.	If the new DL-PRS configuration can be supported by the gNB, the gNB returns an acknowledgmenet in a NRPPa DL-PRS Configuration Response message. If the new DL-PRS configuration cannot be supported by the gNB, the gNB returns a failure message.

7.x.4	LPP Request Assistance Data Procedure for on-demand DL-PRS
The purpose of this procedure is to enable a target device to request a change to DL-PRS transmission. 
Figure 7.x.4-1 shows the messaging between the UE and the LMF to perform this procedure.


Figure 7.x.4-1: UE-initiated on-demand DL-PRS request procedure.
1a.	A gNB may broadcast available DL-PRS Assistance Data Configurations which can be requested on-demand in positioning System Information as described in clause 7.x.2. 
1b.	An LMF may provide available DL-PRS Assistance Data Configurations to the target device; e.g., during an ongoing location session. 
2.	The target device sends a LPP Request Assistance Data message to the LMF to request a change to DL-PRS transmission. The message includes one or more DL-PRS Configuration Identifier of the requested DL-PRS configuration in the order of preference, or a list of desired DL-PRS Configuration Parameter as defined in subclause 7.x.5 (e.g., in case possible DL-PRS configuration information is not available at the target device (i.e., step 1 did not occur)). The message may also include a start time and/or time duration for when and/or how long the requested DL-PRS configuration is required at the UE. 
3.	The LMF sends a LPP Provide Assistance Data message including the DL-PRS Configuration Identifier or the DL-PRS Configuration Information for the new DL-PRS Configuration to the target device. This message may also include the start time for each new DL-PRS configuration and a duration. 
If the UE requested DL-PRS Configuration is currently unavailable, the LMF returns a cause indication. 
7.x.5	Information that may be transferred for on-demand DL-PRS
The requested DL-PRS configuration information that may be signalled from the UE to the LMF (UE-Initiated) and from the LMF to the gNB (LMF-Initiated) is listed in Table 7.x.5-1.
[bookmark: _Hlk78860467]Table 7.x.5-1: Requested DL-PRS configuration information.
	Information 
	UE-Initiated
	LMF-Initiated

	DL-PRS Start Time and Duration
	Yes
	Yes

	Desired Number of TRPs
	Yes
	No

	SSB Configuration for requested TRPs
	Yes
	No

	Desired Beam Direction
	Yes
	No

	CHOICE A: Pre-defined Configuration:
	
	

	DL-PRS Configuration Identifier
	Yes
	Yes

	COICE B: DL-PRS Configuration Parameter:
	
	

	Maximum Number of Frequency Layers
	Yes
	Yes

	DL-PRS Positioning Frequency Layer Information:
	
	

	DL-PRS Subcarrier Spacing
	No
	No

	DL-PRS Resource Bandwidth
	Yes
	Yes

	DL-PRS Start PRB
	No
	No

	DL-PRS PointA
	No
	No

	DL-PRS Comb Size N
	Yes
	Yes

	DL-PRS Cyclic Prefix
	No
	No

	DL-PRS Configuration per Frequency Layer:
	
	

	DL-PRS ID / PCI, ARFCN / NCGI
	Yes
	No

	Maximum Number of DL-PRS Resource Sets
	Yes
	Yes

	DL-PRS Resource Set Information:
	
	

	DL-PRS Resource Set ID
	Yes
	Yes

	DL-PRS Periodicity and Resource Set Slot Offset
	Yes
	Yes

	DL-PRS Resource Repetition Factor
	Yes
	Yes

	DL-PRS Resource Time Gap
	Yes
	Yes

	DL-PRS Number of Symbols
	Yes
	Yes

	DL-PRS Muting Option 1
	No
	Yes

	DL-PRS Muting Option 2
	No
	Yes

	DL-PRS Resource Power
	No
	Yes

	Maximum Number of DL-PRS Resources per Set
	Yes
	Yes

	DL-PRS Resource Information:
	
	

	DL-PRS Resource ID
	Yes
	Yes

	DL-PRS Sequence ID
	No
	Yes

	DL-PRS RE Offset
	No
	Yes

	DL-PRS Resource Slot Offset
	Yes
	Yes

	DL-PRS Resource Symbol Offset
	Yes
	Yes

	DL-PRS QCL-Info
	Yes
	Yes



Editor's Note:	The DL-PRS configuration information in Table 7.x.5-1 is pending RAN1 agreements [4].
=========================== End Text Proposal for TS 38.305 ================================

3. 	Summary
In this contribution, we discussed the Stage 2 details for on-demand DL-PRS. 

Proposal 1:	Agree on the Text Proposal in section 2 as baseline for Stage 2. 
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