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1	Introduction
[bookmark: _Toc474247438]At RAN3#112e, on-demand PRS was discussed for the first time and the following agreements captured in the Chairman’s Minutes:
Introduce a new non-UE associated NRPPa procedure (class 1) to support on-demand PRS. Details FFS.
The new NRPPa procedure enables LMF to request gNB to (re)configure PRS transmission, and gNB to indicate the updated PRS configuration to LMF. Details FFS.
Details regarding information (e.g. parameters, PRS utilization, measurements in general, etc.) to be exchanged by the procedure is pending RAN1/RAN2.
The endorsed baseline CR for NRPPa [1] includes a new PRS Configuration Exchange procedure to support the above agreements, but almost all the details of the new procedure were left FFS pending further RAN1/RAN2 progress.
In the latest RAN1 and RAN2 meetings, some agreements were reached regarding the on-demand DL PRS parameters and the stage 2 call flow, respectively. In this paper, we discuss these latest RAN1/RAN2 agreements and their impacts on NRPPa.
2	Discussion
2.1	PRS Configuration Exchange
RAN2 has agreed on a common framework for both UE- and LMF-initiated on-demand PRS. The stage 2 call flow is shown in Figure 1 below.



Figure 1: Procedures to support On-Demand PRS transmission
The steps of the call flow are described in [2] as follows:
0. The LMF may receive information on the possible On-Demand PRS configurations that the gNB can support during the TRP Configuration Information Exchange procedure.
1. In case of UE-initiated On-demand PRS, the LMF may configure the UE with pre-defined PRS configurations via LPP Provide Assistance Data message or via posSI.
2. In case of UE-initiated on-demand PRS, the UE sends an On-Demand PRS request to the LMF via LPP Request Assistance Data message. The On-Demand PRS request may be a request for PRS transmission or change to the PRS transmission characteristics for positioning measurements. 
3. The LMF determines the need for PRS transmission or change to PRS transmission characteristics. In case of LMF-initiated On-demand PRS, the LMF may obtain assistance information, e.g. UE measurements prior to step 3.
4. If the LMF determines to perform on-demand PRS request, the LMF requests the serving and non-serving gNBs/TRPs for new PRS transmission or PRS transmission with changes to the PRS configuration via NRPPa PRS CONFIGURATION REQUEST message.
5. The gNBs/TRPs provide the PRS transmission update in the NRPPa PRS CONFIGURATION RESPONSE message accordingly if the request from the LMF is accepted.
6. LMF provides the updated PRS configuration used for PRS transmission via LPP Provide Assistance Data message or posSI to the UE.
Editor’s Note: Depending upon RAN3 input, the above description may need to be updated especially for NRPPa procedure, e.g. the name of the message, exchange between RAN and LMF on allowed PRS configuration, etc.
The RAN3 impacts begin at step 4, when the LMF requests the gNB for a new on-demand DL-PRS configuration by sending the NRPPa: PRS CONFIGURATION REQUEST message. As captured in the NRPPa BL CR, the message includes a list of TRPs and their respective Requested DL PRS Transmission Characteristics.
The details of the Requested DL PRS Transmission Characteristics IE are currently FFS, but it can be expected to contain information (e.g. on-demand DL PRS parameters) that enables the gNB to determine an appropriate DL-PRS configuration for transmission. RAN1 has reached agreement on some of the on-demand DL PRS parameters that can be requested by the LMF as follows:
Agreement:
At least the following list of on-demand DL PRS parameters is supported for UE-initiated and LMF-initiated on-demand DL PRS requests​
1.	DL PRS Periodicity
2.	DL PRS resource bandwidth 
3.	DL PRS QCL information 
Conclude on remaining parameters at RAN1#106-bis-e

The above parameters should be added to the Requested DL PRS Transmission Characteristics IE in the PRS CONFIGURATION REQUEST message.
Proposal 1:	The Requested DL PRS Transmission Characteristics IE in the PRS CONFIGURATION REQUEST message can include the following parameters (per TRP): DL PRS Periodicity, DL PRS resource bandwidth, and DL PRS QCL information. Other parameters are FFS pending RAN1 and/or RAN2.
The gNB takes into account the on-demand DL-PRS parameters received in step 4 (i.e. the Requested DL PRS Transmission Characteristics IE received in the PRS CONFIGURATION REQUEST message) and determines the DL-PRS configuration for transmission. One of the purposes of on-demand PRS is to give some control to the LMF over the DL-PRS configuration (i.e. LMF serving as central coordinator of pre-defined PRS configurations across multiple gNBs), so the parameters of the DL-PRS configuration determined by the gNB for a given TRP should typically match those requested by the LMF in the Requested DL PRS Transmission Characteristics IE, otherwise it could lead to uncoordinated DL-PRS transmissions that may not fulfil the desired objective (e.g. QoS level). However, the gNB should not be mandated to follow the LMF’s request since the gNB should have final say over its own radio resources.
[bookmark: _Hlk84582985]Proposal 2:	Parameters of the DL-PRS configuration determined by the gNB for a given TRP “should” (not “may” or “shall”) match those requested by the LMF in the Requested DL PRS Transmission Characteristics IE.
At step 5, the gNB sends the NRPPa: PRS CONFIGURATION RESPONSE message to the LMF. As captured in the NRPPa BL CR, the message includes a list of TRPs and their respective On-demand PRS Information which should be the full DL-PRS configuration decided by the gNB. 
[bookmark: _Hlk84582996]Proposal 3:	The PRS CONFIGURATION RESPONSE message includes the full DL-PRS Configuration (per TRP) decided by the gNB.
Finally, at step 6 the LMF provides the active DL-PRS Configuration to the UEs.
The PRS Configuration Exchange procedure also supports unsuccessful operation where the gNB responds with the PRS CONFIGURATION FAILURE message. The PRS Configuration Exchange procedure shall fail if the gNB cannot configure DL-PRS transmission for any (i.e. not even one) of the TRPs in the PRS TRP List IE of the PRS CONFIGURATION REQUEST message.
[bookmark: _Hlk84583012]Proposal 4:	The gNB sends the PRS CONFIGURATION FAILURE message if it cannot configure DL-PRS transmission for any of the requested TRPs.
2.2	TRP Information Exchange
At RAN3#113e, pre-defined PRS configurations were discussed, and the following agreement captured in the Chairman’s Minutes:
Enhance the TRP Information Exchange procedure to support pre-defined PRS configurations.
The NRPPa BL CR enables the LMF to request On-demand PRS TRP Information from the gNB, but details of the IE are FFS and RAN3 should further discuss use cases.
One important use case is to facilitate coordination of pre-defined PRS configurations by the LMF, i.e. at step 0 of Figure 1. When the LMF sends the PRS CONFIGURATION REQUEST message including the Requested DL PRS Transmission Characteristics IE corresponding to a pre-defined PRS configuration, the LMF should have a high degree of confidence that the target gNB/TRP is able to comply with the request.  Some potential reasons why the gNB/TRP may not be able to comply include: 
-	The gNB allows LMF control over only certain on-demand DL-PRS parameters.
-	The gNB allows LMF control of an on-demand DL-PRS parameter only within a certain value range. The value range may potentially fluctuate due to e.g. load conditions.
In other words, when the LMF determines the need for new on-demand DL-PRS configurations at step 3 of Figure 1, it should know that the involved gNB/TRPs are able to support them so that the PRS Configuration Exchange procedures of steps 4-5 succeed.
Proposal 5:	The On-demand PRS TRP Information IE in the TRP INFORMATION RESPONSE message should contain the allowed value range of on-demand DL-PRS parameters (to be decided case-by-case from the list decided by RAN1/RAN2).
[bookmark: _Hlk78992172]Proposal 6:	The On-demand PRS TRP Information IE in the TRP INFORMATION RESPONSE message includes at least the following (other parameters FFS):
-	minimum and maximum allowed values for DL PRS periodicity, and
-	minimum and maximum allowed values for DL PRS resource bandwidth.
3	Conclusions
In this paper, we discuss the latest RAN1/RAN2 agreements and their impacts to the PRS Configuration Exchange and TRP Information Exchange procedures. The following is proposed:
Proposal 1:	The Requested DL PRS Transmission Characteristics IE in the PRS CONFIGURATION REQUEST message can include the following parameters (per TRP): DL PRS Periodicity, DL PRS resource bandwidth, and DL PRS QCL information. Other parameters are FFS pending RAN1 and/or RAN2.
Proposal 2:	Parameters of the DL-PRS configuration determined by the gNB for a given TRP “should” (not “may” or “shall”) match those requested by the LMF in the Requested DL PRS Transmission Characteristics IE.
Proposal 3:	The PRS CONFIGURATION RESPONSE message includes the full DL-PRS Configuration (per TRP) decided by the gNB.
Proposal 4:	The gNB sends the PRS CONFIGURATION FAILURE message if it cannot configure DL-PRS transmission for any of the requested TRPs.
Proposal 5:	The On-demand PRS TRP Information IE in the TRP INFORMATION RESPONSE message should contain the allowed value range of on-demand DL-PRS parameters (to be decided case-by-case from the list decided by RAN1/RAN2).
Proposal 6:	The On-demand PRS TRP Information IE in the TRP INFORMATION RESPONSE message includes at least the following (other parameters FFS):
-	minimum and maximum allowed values for DL PRS periodicity, and
-	minimum and maximum allowed values for DL PRS resource bandwidth.
A text proposal for NRPPa is provided in Appendix A, reflecting the above proposals.
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8.2.X	PRS Configuration Exchange
8.2.X.1	General
The PRS Configuration Exchange procedure is initiated by the LMF to request the NG-RAN node to configure PRS transmission. This procedure applies only if the NG-RAN node is a gNB.
8.2.X.2	Successful Operation


Figure 8.2.X.2-1: PRS Configuration Exchange procedure, successful operation
The LMF initiates the procedure by sending a PRS CONFIGURATION REQUEST message to the NG-RAN node, indicating in the PRS TRP List IE the TRP(s) for which DL-PRS transmission is requested. The NG-RAN node should use the information in the Requested DL PRS Transmission Characteristics IE to configure DL-PRS transmission by the indicated TRP(s).
If DL-PRS transmission is successfully configured for at least one of the TRPs, the NG-RAN node shall responds with a PRS CONFIGURATION RESPONSE message.

8.2.X.3	Unsuccessful Operation


Figure 8.2.X.3-1: PRS Configuration Exchange procedure, unsuccessful operation
If the NG-RAN node cannot configure DL-PRS transmission for any of the TRPs in the PRS TRP List IE of the PRS CONFIGURATION REQUEST message, it shall respond with a PRS CONFIGURATION FAILURE message with an appropriate cause value.
8.2.X.4	Abnormal Conditions
Void.

Next Change
[bookmark: _Toc20953850][bookmark: _Toc29391028]9.1.1.a1	PRS CONFIGURATION REQUEST
This message is sent by LMF to request NG-RAN node configuring the PRS transmission.
Direction: LMF  NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3
	
	YES
	reject

	NRPPa Transaction ID
	M
	
	9.2.4
	
	-
	

	[bookmark: _Hlk72345176]PRS TRP List
	
	1[FFS]
	
	
	YES
	ignore

	  >PRS TRP Item
	
	1 .. <maxnoTRPs>
	
	
	EACH
	ignore

	>>TRP ID
	M
	
	9.2.24
	
	-
	

	>>Requested DL PRS Transmission Characteristics
	M[FFS]
	
	9.2.x1
	
	YES
	ignore



	Range bound
	Explanation

	maxnoTRPs
	Maximum no. of TRPs in a NG-RAN node. Value is 65535



9.1.1.a2	PRS CONFIGURATION RESPONSE
This message is sent by NG-RAN node to acknowledge updating the PRS transmission.
Direction: NG-RAN node  LMF.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3
	
	YES
	reject

	NRPPa Transaction ID
	M
	
	9.2.4
	
	-
	

	PRS Transmission TRP List
	
	1[FFS]
	
	
	YES
	ignore

	  >PRS Transmission TRP Item
	
	1 .. <maxnoTRPs>
	
	
	EACH
	ignore

	>>TRP ID
	M
	
	9.2.24
	
	-
	

	>>PRS ConfigurationOn-demand PRS information
	M[FFS]
	
	9.2.44x2
	
	YES
	ignore



	Range bound
	Explanation

	maxnoTRPs
	Maximum no. of TRPs in a NG-RAN node. Value is 65535



9.1.1.a3	PRS CONFIGURATION FAILURE
This message is sent by NG-RAN node to indicate that it cannot configure any PRS transmission.
Direction: NG-RAN node  LMF.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3
	
	YES
	reject

	NRPPa Transaction ID
	M
	
	9.2.4
	
	-
	

	Cause
	M
	
	9.2.1
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.2
	
	YES
	ignore



Next Change
9.2.x1 Requested DL PRS Transmission Characteristics [FFS]
This IE contains the requested PRS configuration for transmission by the LMF.
Editor’s Note: All details of this IE are FFS
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	PRS Bandwidth
	M
	
	INTEGER(1..63)
	24,28,…,272 PRBs

	PRS Periodicity
	M
	
	ENUMERATED(4,5,8,10,16,20,32,40,64,80,160,320,640,1280,2560,5120,10240,20480,40960,81920,…)
	

	QCL Information
	FFS
	
	FFS
	

	
	
	
	
	



9.2.x2 On-demand PRS information [FFS]
This IE contains the updated PRS configuration.
Editor’s Note: All details of this IE are FFS
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


[bookmark: _Toc478159770]
9.2.x3	On-demand PRS TRP Information
This IE contains on-demand PRS information for the TRP.
Editor’s Note: All details of this IE are FFS
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	PRS Bandwidth Minimum
	M
	
	INTEGER(1..63)
	

	PRS Bandwidth Maximum
	M
	
	INTEGER(1..63)
	

	PRS Periodicity Minimum
	M
	
	ENUMERATED(4,5,8,10,16,20,32,40,64,80,160,320,640,1280,2560,5120,10240,20480,40960,81920,…)
	

	PRS Periodicity Maximum
	M
	
	ENUMERATED(4,5,8,10,16,20,32,40,64,80,160,320,640,1280,2560,5120,10240,20480,40960,81920,…)
	



Next Change










Next Change
[bookmark: _Toc534903102][bookmark: _Toc51776081][bookmark: _Toc56773103][bookmark: _Toc56773314]9.3.4	PDU Definitions
** SKIPPING UNCHANGED TEXT **

PRSConfigurationRequest ::= SEQUENCE {
	protocolIEs		ProtocolIE-Container	{{PRSConfigurationRequest-IEs}},
	...
}

PRSConfigurationRequest-IEs NRPPA-PROTOCOL-IES ::= {
	{ ID id-PRSTRPList	CRITICALITY ignore	TYPE PRSTRPList	PRESENCE mandatoryFFS},
	...
}

** SKIPPING UNCHANGED TEXT **

PRSConfigurationResponse ::= SEQUENCE {
	protocolIEs		ProtocolIE-Container	{{ PRSConfigurationResponse-IEs}},
	...
}

PRSConfigurationResponse-IEs NRPPA-PROTOCOL-IES ::= {
	{ ID id-PRSTransmissionTRPList	CRITICALITY ignore	TYPE PRSTransmissionTRPList			PRESENCE mandatoryFFS},
	...
}

Next Change
[bookmark: _Toc534903103][bookmark: _Toc51776082][bookmark: _Toc56773104][bookmark: _Toc56773315]9.3.5	Information Element definitions
** SKIPPING UNCHANGED TEXT **

OnDemandTRPPRS-Info ::= FFSSEQUENCE {
	pRSbandwidthMin		INTEGER(1..63),
	pRSbandwidthMax		INTEGER(1..63),
	pRSperiodicityMin	ResourceSetPeriodicity,
	pRSperiodicityMax	ResourceSetPeriodicity,
	iE-Extensions	ProtocolExtensionContainer { { OnDemandTRPPRS-Info-ExtIEs} } OPTIONAL,
	...
}

OnDemandTRPPRS-Info-ExtIEs NRPPA-PROTOCOL-EXTENSION ::= {
	...
}

OnDemandPRSInfo ::= FFS

** SKIPPING UNCHANGED TEXT **

PRSTRPList ::= SEQUENCE (SIZE(1.. maxnoTRPs)) OF PRSTRPItem

PRSTRPItem ::= SEQUENCE {
		tRP-ID		TRP-ID,
		requestedDLPRSTransmissionCharacteristics	RequestedDLPRS	FFS, 
		iE-Extensions	ProtocolExtensionContainer { { PRSTRPItem-ExtIEs} } OPTIONAL,
		...
}

PRSTRPItem-ExtIEs NRPPA-PROTOCOL-EXTENSION ::= {
	...
}

RequestedDLPRS ::= FFSSEQUENCE {
	pRSbandwidth	INTEGER(1..63),
	pRSperiodicity	ResourceSetPeriodicity,
	qCLInfo			FFS,
	iE-Extensions	ProtocolExtensionContainer { { RequestedDLPRS-ExtIEs} } OPTIONAL,
	...
}

RequestedDLPRS-ExtIEs NRPPA-PROTOCOL-EXTENSION ::= {
	...
}

PRSTransmissionTRPList ::= SEQUENCE (SIZE(1.. maxnoTRPs)) OF PRSTransmissionTRPItem

PRSTransmissionTRPItem ::= SEQUENCE {
		tRP-ID		TRP-ID,
	pRSConfiguration	PRSConfiguration,
		on-demandPRSInfo	OnDemandPRSInfo	FFS, 
	iE-Extensions	ProtocolExtensionContainer { { PRSTransmissionTRPItem-ExtIEs} } OPTIONAL,
		...
}

PRSTransmissionTRPItem-ExtIEs NRPPA-PROTOCOL-EXTENSION ::= {
	...
}

** SKIPPING UNCHANGED TEXT **

ResourceSetPeriodicity ::= ENUMERATED{n4,n5,n8,n10,n16,n20,n32,n40,n64,n80,n160,n320,n640,n1280,n2560,n5120,n10240,n20480,n40960, n81920,...}

End of Text Proposal for TS 38.455 BL CR
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