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[bookmark: _Ref528762725]1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For On-Demand PRS Transmission and Reception, some progress has been made in RAN3, as described below:
RAN3#112-e meeting:
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.
RAN3#113-e meeting:
[bookmark: _Hlk78992239]Enhance the TRP Information Exchange procedure to support pre-defined PRS configurations.
R3-214286 (was R3-213446) Agreed, TP for TS 38.455 BL CR
RAN3#114e meeting:
Stage 2 TP update on On-Demand PRS waits for RAN2 further progress.
The gNB sends the PRS CONFIGURATION FAILURE message if it cannot configure DL-PRS transmission for any of the requested TRPs.
Some signalling details on On-Demand PRS are pending RAN1/RAN2, e.g, the Requested DL PRS Transmission Characteristics IE in the PRS CONFIGURATION REQUEST message, On-demand PRS TRP Information IE in the TRP INFORMATION RESPONSE message, etc
In this contribution, according to the consolidated higher layers parameter list for Rel-17 NR in [1], we provide some analysis and proposals of the On-Demand PRS signalling procedure, and accordingly provided a TP for signaling detail of TS38.455 .
2 Discussion
Based on the consolidated higher layers parameter list for Rel-17 NR in [1], for LMF-initiated on-demand DL PRS requests, some parameters from RAN1 can be grouped in below table:
	Parameter Name / description
	Granularity
	Value range

	NR DL PRS Periodicity
	per resource set per positioning frequency layer per FR
	FFS

	DL PRS ResourceBandwidth
	per resource set per positioning frequency layer per FR
	[Ref. TS 37.355]

	DL PRS QCL Information (QCL sources recommended by LMF)

	per resource set per positioning frequency layer per FR
	[Ref. TS 37.355]

	DL PRS QCL Information (QCL sources requested by LMF)
	per resource set per positioning frequency layer per FR
	[Ref. TS 37.355]

	Start time of on-demand DL PRS transmission
	either per resource set per positioning frequency layer or per UE
	FFS

	End time of on-demand DL PRS transmission

	either per resource set per positioning frequency layer or per UE
	FFS

	DL PRS resource repetition factor
	per resource set per positioning frequency layer per FR
	[Ref. TS 37.355]

	Number of DL PRS resource symbols per DL PRS resource
	per resource set per positioning frequency layer per FR
	[Ref. TS 37.355]

	DL-PRS CombSizeN
	per resource set per positioning frequency layer per FR
	[Ref. TS 37.355]

	Number of DL PRS positioning frequency layers
	per FR
	FFS

	ON/OFF indicator (for LMF initiated request only)
	either per resource, or per resource set, or per UE
	FFS



The above table reflects the parameter definition related to on-demand signaling procedure, according to which RAN3 can determine the signaling detail of stage 3.
According to the conclusions of RAN3, the PRS CONFIGURATION REQUEST message contains the on-demand PRS configuration information recommended by LMF, which can be divided into three categories. 1) One is adding PRS configuration information; 2) the other is removing PRS configuration information; 3) the third is PRS resource management based on time.
For the first category, the LMF needs to request some additional PRS configurations, but there may be two cases to be considered. One case is that the LMF only provides the resource pool for PRS reqource, but the specific PRS configurations and corresponding associated information are allocated by gNB. Another case is that the LMF initiates an activation request for PRS resources with associated information.
For first case, according to the parameter definition of RAN1, LMF can pre-allocate PRS resource pool per frequency layer. Accordingly, it can provide some physical layer parameters, e.g., DL PRS ResourceBandwidth, NR DL PRS Periodicity, etc. the gNB then completes the configuration of PRS resources and associated information, and then notifies LMF using PRS CONFIGURATION RESPONSE message.
Proposal 1: LMF can pre-allocates PRS resource pool per frequency layer, and provides some physical layer parameters, e.g., DL PRS ResourceBandwidth, NR DL PRS Periodicity, etc.  to gNB, and then the gNB completes the configuration of PRS resources and associated information.
For second case, for the PRS resources with associated information, LMF is allowed to add and delete them dynamically. This corresponds to RAN1's parameter definitions of “ON/OFF Indicator (for LMF Initiated Request Only)”. In this way, the LMF can dynamically adjust PRS resources more accurately.
Proposal 2: LMF is allowed to add and delete PRS resources dynamically using “ON/OFF Indicator”.
In addition, for the second category, two issues may need to be considered. One is the release of resources, as mentioned above, LMF can release PRS resources by OFF indicator. But another issue is whether to release the association information of the PRS resource, e.g., PRS Resource ID. If necessary, to achieve this purpose, we propose the introduction of a TRP Update message that allows gNB to initiate the removal of associated information of PRS resources.
Proposal 3: Introduce a TRP Update message for gNB to initiate the removal of associated information of PRS resources.
Finally, about the third category, according to the parameter definition of RAN1, "Start time of on-demand DL PRS transmission" and " End time of on-demand DL PRS transmission " need to be standardized. Although RAN1 defines these two parameters as per resource set, it can be assumed that they are more suitable for the initial configuration of PRS resources, so that once the time runs out, the corresponding resources will be automatically released, including the corresponding associated information.
Proposal 4: "Start time of on-demand DL PRS transmission" and "End time of on-demand DL PRS transmission "are used for the initial configuration of PRS resources.

3 Conclusion
In the previous sections we made the following observations and proposals:
Proposal 1: LMF can pre-allocates PRS resource pool per frequency layer, and provides some physical layer parameters, e.g., DL PRS ResourceBandwidth, NR DL PRS Periodicity, etc.  to gNB, and then the gNB completes the configuration of PRS resources and associated information.
Proposal 2: LMF is allowed to add and delete PRS resources dynamically using “ON/OFF Indicator”.
Proposal 3: Introduce a TRP Update message for gNB to initiate the removal of associated information of PRS resources.
Proposal 4: "Start time of on-demand DL PRS transmission" and "End time of on-demand DL PRS transmission "are used for the initial configuration of PRS resources
4 Reference
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----------------------------------Start of Change-------------------------------

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. If Requested DL PRS Resource Configuration for at least one of the TRPs is successfully configured, tThe NG-RAN node responds with a PRS CONFIGURATION RESPONSE message.
If the Start Time Of PRS IE and End Time Of PRS IE are included in Requested PRS Configuration List IE in the PRS CONFIGURATION REQUEST, the NG-RAN node shall take it into account as specified in TS 37.355 [14].


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 Resource 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: _Toc51775933][bookmark: _Toc56772955][bookmark: _Toc64447584][bookmark: _Toc74152240][bookmark: _Toc81322943]8.2.8.2	Successful Operation


Figure 8.2.8.2-1: TRP Information Exchange procedure, successful operation
The LMF initiates the procedure by sending a TRP INFORMATION REQUEST message. The NG-RAN node responds with a TRP INFORMATION RESPONSE message that contains the requested TRP information. 
If the TRP List IE is included in the TRP INFORMATION REQUEST message, the NG-RAN node should include in the TRP INFORMATION RESPONSE message, the requested information for all TRPs included in the TRP List IE. 
If the TRP List IE is not included in the TRP INFORMATION REQUEST message, the NG-RAN node should include the requested information for all TRPs hosted by the NG-RAN node in the TRP INFORMATION RESPONSE message
If the PRS Muting IE is included in the PRS Configuration IE in the TRP INFORMATION RESPONSE message, the LMF may take it into account as the muting information for the given PRS resource set.
If the  QCL Info IE is included in the PRS Configuration IE in the TRP INFORMATION RESPONSE message, the LMF may take it into account for the given PRS resource list.
If the DL-PRS Resource Coordinates IE is included in the Geographical Coordinates IE in the TRP Information IE in the TRP INFORMATION RESPONSE message, the LMF may take it into account as the DL PRS Resource Coordinates relative to the TRP coordinate.

If the Available On-demand PRS Info IE is included in the TRP Information IE in the TRP INFORMATION RESPONSE message, the LMF may take it into account as the pre-configured available on-demand PRS Resources.

-------------------------------------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
	
	[FFS]1
	
	
	YES
	ignore

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

	>>TRP ID
	M
	
	9.2.24
	
	-
	

	>>Requested DL PRS Transmission CharacteristicsResource Configuration
	[FFS]M
	
	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
	
	-
	

	>>On-demand PRS information
	M[FFS]
	
	9.2.x244
	
	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 CharacteristicsResource Configuration [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

	Requested PRS Configuration List
	
	0..<maxnooffreqlayers>
	
	

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

	>Start PRB
	M
	
	INTEGER(0..2176)
	Starting PRB to Point A

	>Point A
	M
	
	INTEGER (0..3279165)
	NR ARFCN

	>Comb Size
	M
	
	ENUMERATED(2, 4, 6, 12, …)
	

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

	>Resource Repetition Factor
	M
	
	ENUMERATED(rf1,rf2,rf4,rf6,rf8,rf16,rf32,…)
	

	>Resource Number of Symbols
	M
	
	ENUMERATED(n2,n4,n6,n12,…)
	

	>Start Time Of PRS
	O
	
	FFS
	

	>End Time Of PRS
	O
	
	FFS
	

	TBD
	
	
	
	

	PRS Resource Set to modify List
	
	0..< maxnoofPRSresourceSet>
	
	

	>PRS Resource Set ID
	M
	
	INTEGER(0..7)
	

	 >Active Indicator
	O
	
	ENUMERATED (On, Off, …)
	

	> QCL Info Recommended
	O
	
	FFS
	

	> QCL Info Requested
	O
	
	ENUMERATED (True, …)
	

	>PRS Resource to Modify List
	
	0..<maxnoofPRSresources>
	
	

	>>PRS Resource ID
	M
	
	INTEGER(0..63)
	

	>>Active Indicator
	M
	
	ENUMERATED (On, Off, …)
	

	
	
	
	
	



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.x2	Available On-demand PRS Information
This IE contains available on-demand PRS information for the TRP.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Allowed Frequency Layers
	O
	
	FFS
	

	PRS Bandwidth Minimum
	O
	
	INTEGER(1..63)
	

	PRS Bandwidth Maximum
	O
	
	INTEGER(1..63)
	

	Allowed PRS Periodicity 
	O
	
	BITSTRING
(SIZE(24))
	Each position in the bitmap indicates a PRS Periodicity, as listed below: {4,5,8,10,16,20,32,40,64,80,160,320,640,1280,2560,5120,10240,20480,40960,81920, …}

	Allowed Repetition Factor
	O
	
	BITSTRING
(SIZE(8))
	Each position in the bitmap indicates a Resource Repetition Factor, as listed below: {1,2,4,8,16,32, …}

	Allowed Comb Size
	O
	
	BITSTRING
(SIZE(8))
	Each position in the bitmap indicates a Comb Size, as listed below: {2,4,6,12, …}

	Allowed Number of Symbols
	O
	
	BITSTRING
(SIZE(8))
	Each position in the bitmap indicates a Number of Symbols, as listed below: {2,4,6,12, …}



----------------------------------Next Change-------------------------------------
[bookmark: _Toc51776044][bookmark: _Toc56773066][bookmark: _Toc64447695][bookmark: _Toc74152351][bookmark: _Toc81323054]9.2.25	TRP Information
The TRP Information IE contains information for one TRP within an NG-RAN node. 
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	TRP ID
	M
	
	9.2.24
	

	TRP Information Type
	
	1 .. <maxnoTRPInfoTypes>
	
	

	>CHOICE TRP Information Item
	M
	
	
	

	>>NR PCI
	M
	
	INTEGER (0..1007)
	NR Physical Cell ID

	>>NR CGI
	M
	
	9.2.9
	

	>>NR ARFCN
	M
	
	INTEGER (0..3279165)
	

	>>PRS Configuration
	M
	
	9.2.44
	

	>>SSB Information
	M
	
	9.2.54
	

	>>SFN Initialisation Time
	M
	
	Relative Time 1900
9.2.36
	

	>>Spatial Direction Information
	M
	
	9.2.45
	

	>>Geographical Coordinates
	M
	
	9.2.46
	

	>>Available On-demand PRS Info
	O
	
	9.2.x2
	



--------------------------------------End of Change---------------------------------
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