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1   Introduction
In RAN3#105 meeting, general discussions have been conducted regarding the message procedure and IE structures [1]. In last RAN3 meeting, few discussion has been made regarding the procedures over F1.

Also, in RAN1#98bis meeting, an initial agreement regarding the higher layer parameters has been made [2]. However, this is not the final version and will be further updated at the RAN1#99 meeting.

This paper discuss the F1AP procedures to support positioning in R-16.    
2   Discussion

2.1 F1AP procedures to support positioning

Since the NRPPa is terminated by gNB-CU, F1AP should define procedures, combined with NRPPa, to support the signalling between gNB-DU and LMF. There are two options for the F1AP to support positioning:


Option 1: Defined various procedures over F1AP to transfer the NRPPa message between gNB-CU and gNB-DU. 


Option 2: A container is defined to encapsulate the NRPPa message and the NRPPa message is transparently transferred between gNB-CU and gNB-DU. 

Option 1 requires to define a number of new procedures over F1AP but it is robust. Option 2 can only need one procedures to deliver the NRPPa message between gNB-CU and gNB-DU, which has less impact over the existing F1AP. However, option 2 may not work, or would require additional actions to support the positioning procedure. For example, for the UL positioning technique, location server would send “Uplink information request” require the SRS configurations and indicate the RAN node to trigger the UE to transmit SRS. It is known that the SRS is determined at gNB-DU while trigger the UE to transmit SRS may be done by gNB-CU. Additionally, it is gNB-CU that hosts the RRC. Therefore, the NRPPa cannot transparently transferred over F1AP.  

Another reason to select option 1 is that: gNB-CU already have some of the information that LMF requests, such as the cell information. gNB-CU only needs to request a certain of the positioning information from gNB-DU. Therefore, there is no need to duplicate or encapsulate all the content of NRPPa message.   

Observation 1: gNB-CU already have some of the information that LMF requests and there is no need to duplicate or encapsulate all the content of NRPPa message.
Proposal 1: Select option 1 for F1AP to support signalling between gNB-DU and LMF.       
Different techniques would have different NRPPa procedures. During the study phase, it has been agreed to support the following techniques in R-16:

Downlink only positioning techniques: DL-TDOA, DL-AOD;

Uplink only positioning techniques: UL-TDOA, UL-AOA;

Downlink and uplink positioning techniques: multi-RTT, E-CID
It can be easily found that the procedures for DL-TDOA and DL-AOD are similar, the procedures for UL-TDOA and UL-AOA are similar, and the procedures for multi-RTT are similar to the combination of procedures for DL-TDOA and UL-TDOA. Therefore, there is no need to duplicate all the procedures for different positioning techniques in NRPPa. For example, there is no need to define both DL-TDOA information exchange and DL-AOD information exchange over F1AP as message contents are basically the same. Also, gNB-CU only need to request a part of the DL positioning related information (requested by LMF) from gNB-DU and there is no need to define two messages for these part of information for different positioning technique.   Therefore, in order to minimize the impact to F1AP, the message procedures can be defined for multiple positioning techniques.
Observation 2: The message contents are basically the same in certain procedures for different positioning methods.

Proposal 2: The message procedures over F1AP can be defined for multiple positioning techniques.

According to discussions of the procedures for different positioning techniques, the following procedures can be defined over F1AP to support different positioning techniques: 
Class 1 procedures:

DL positioning information exchange procedure: This procedure is non-UE associated procedure and can be used for DL-TDOA, DL-AOD, and multi-RTT for the gNB-CU to request DL configuration information as well as the cell information from gNB-DU.  
UL position information exchange procedure: This procedure is UE associated procedure and can be used for UL-TDOA, UL-AOA, and multi-RTT for the gNB-CU to request SRS configuration information from the serving gNB-DU.
Positioning measurement procedure: This procedure can be used for UL-TDOA, UL-AOA, E-CID and multi-RTT for the gNB-CU to request measurement from gNB-DU, or the TMF deployed on the gNB-DU.

Class 2 procedures:
UL position information update procedure: This procedure can be used for UL-TDOA, UL-AOA, and multi-RTT for gNB-DU to notify gNB-CU of a change in the SRS configuration due to a change in SRS configuration parameters in one or more cells.
Positioning measurement update procedure: This procedure can be used for UL-TDOA, UL-AOA, and multi-RTT for gNB-CU to notify gNB-DU, or TMF, of a change in previously signalled measurement configuration including SRS configuration. 
Positioning measurement terminate procedure: This procedure can be used for UL-TDOA, UL-AOA, and multi-RTT for gNB-CU to indicate gNB-DU to abort an on-going measurement identified by the LMF measurement ID; and used for E-CID to terminate the periodical measurement.  
Positioning measurement report procedure: This procedure can be used for E-CID for the gNB-DU to report the E-CID measurements to gNB-CU. 

Positioning measurement failure indication procedure: This procedure can be used for E-CID to indicate that the E-CID measurements previously requested with Positioning Measurement procedure can no longer be reported.
Proposal 3: The following procedures can be included in F1AP to support NR positioning:

Class 1 procedures: DL positioning information exchange procedure; UL positioning information exchange procedure; positioning measurement procedure.

Class 2 procedures: UL position information update procedure; Positioning measurement update procedure; positioning measurement terminate procedure; Positioning measurement report procedure; Positioning measurement failure indication procedure.
2.2 IE structures in positioning related messages over F1
Since the agreed higher layer parameters in [2] are not the final, it is proposed to define the message procedures first in RAN3#106 meeting, the detailed IEs can be finalized during the February meeting after RAN1 competing the work on the higher layer parameters.

Proposal 4: RAN3 to define the message procedures over F1 in RAN3#106 meeting, and finalize the detailed IEs during the February meeting.

In RAN3#105, it is proposed in [3] to structure NRPPa / F1AP IE’s in messages to allow separation of CU and TRP level information. Several message examples have been provided, such as:
UTDOA Measurement Request / Response

Taking a direct example from SLmAP, the NRPPa UTDOA MEASUREMENT REQUEST could have a structure as follows:

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Message Type
	M
	
	
	

	NRPPa Transaction ID
	M
	
	
	

	LMF Measurement ID
	M
	
	
	

	TRP Measurement Configuration
	M
	<1..

maxTRPs>
	
	

	>TRP ID
	
	
	
	

	>UL RTOA Measurement Configuration
	M
	
	OCTET STRING embedding a separate ASN.1 data type in NRPPa
	


The message is used to request measurements from a number of DUs/TRPs. It can be seen that, in this structure, the “UL RTOA Measurement configuration” needs to be transferred for each TRP. In fact, for UL positioning methods, the UL configurations refers to SRS related configuration information. Thus, the “UL RTOA Measurement configuration” for different TRPs are exactly the same. There is no need to be structured into “TRP level information” and be sent multiple times in a single message in NRPPa or F1AP.

Observation 3: Structuring TRP-level information in NRPPa or F1AP would result in unnecessary redundant information transferred in a single message.  

Among different positioning method, only two kinds of messages may require structuring TRP-level information. The first kind message is for providing the measurement results from gNB-DU to gNB-CU, or from gNB-CU to LMF. The second kind message is for proving DL positioning information from gNB-DU to gNB-CU, or from gNB-CU to LMF. In these messages, different information related to different TRPs are transferred in a single message. 

Observation 4: Structuring TRP-level information can be applied only in messages related to providing measurement results or DL positioning information from gNB-DU to gNB-CU (or gNB-CU to LMF).
Therefore, in order to let all messages to be unified, it is proposed to transfer positioning information explicitly in F1AP and NRPPa. For the messages related to providing measurements or DL positioning information, it is proposed to only structure TRP related information into TRP-level in certain IEs. For example, the DL Cell Information in DL POSITIONING INFORMATION RESPONSE message in F1AP can be structured as follows:

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	gNB-DU Type
	M
	
	ENUMERATED (pos-only, …)
	A gNB-DU with positioning function only.

	TRP Cell information
	
	1 ..<maxTRPs>
	
	

	  >TRP ID
	M
	
	INTEGER (FFS)
	

	  >NR CGI
	M
	
	9.3.1.12
	

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

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

	  >NG-RAN Access Point Position
	M
	
	9.3.1.f
	The configured estimated geographical position of the antenna of the cell/TP.

	  >FFS
	
	
	
	


Proposal 5: Transfer positioning information explicitly in F1AP and NRPPa.
Proposal 6: TRP related information could be structured only in certain IEs/messages, such as in OTDOA Cell Information IE in OTDOA INFORMATION RESPONSE message in NRPPa, DL Cell information IE in DL POSITIONING INFORMATION RESPONSE message in F1AP, etc.  

3   Conclusion
Based on the discussion in this paper, we propose:
Observation 1: gNB-CU already have some of the information that LMF requests and there is no need to duplicate or encapsulate all the content of NRPPa message.
Proposal 1: Select option 1 for F1AP to support signalling between gNB-DU and LMF.       

Observation 2: The message contents are basically the same in certain procedures for different positioning methods.

Proposal 2: The message procedures over F1AP can be defined for multiple positioning techniques.

Proposal 3: The following procedures can be included in F1AP to support NR positioning:

Class 1 procedures: DL positioning information exchange procedure; UL positioning information exchange procedure; positioning measurement procedure.

Class 2 procedures: UL position information update procedure; Positioning measurement update procedure; positioning measurement terminate procedure; Positioning measurement report procedure; Positioning measurement failure indication procedure.
Observation 3: Structuring TRP-level information in NRPPa or F1AP would result in unnecessary redundant information transferred in a single message.  

Observation 4: Structuring TRP-level information can be applied only in messages related to providing measurement results or DL positioning information from gNB-DU to gNB-CU (or gNB-CU to LMF).

Proposal 4: RAN3 to define the message procedures over F1 in RAN3#106 meeting, and finalize the detailed IEs during the February meeting.

Proposal 5: Transfer positioning information explicitly in F1AP and NRPPa.

Proposal 6: TRP related information could be structured only in certain IEs/messages, such as in OTDOA Cell Information IE in OTDOA INFORMATION RESPONSE message in NRPPa, DL Cell information IE in DL POSITIONING INFORMATION RESPONSE message in F1AP, etc.  
A set of Annex for stage 2 and other specification are provided. Huawei will be volunteer to move it in CRs.
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<<<<<<<<<<<<<<<<<<<< Changes Begin >>>>>>>>>>>>>>>>>>>>
4.1   3.2
Abbreviations
For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

5GC
5G Core Network

AMF
Access and Mobility Management Function

AP
Application Protocol

AS
Access Stratum

CM
Connection Management

CMAS
Commercial Mobile Alert Service
ETWS
Earthquake and Tsunami Warning System

F1-U
F1 User plane interface

F1-C
F1 Control plane interface

F1AP
F1 Application Protocol

FDD
Frequency Division Duplex

GTP-U
GPRS Tunnelling Protocol

IP
Internet Protocol
LMF
Location Management Function
NAS
Non-Access Stratum

O&M
Operation and Maintenance

PWS
Public Warning System

QoS
Quality of Service
RET
Remote Electrical Tilting
RNL
Radio Network Layer

RRC
Radio Resource Control

SAP
Service Access Point

SCTP
Stream Control Transmission Protocol

SFN
System Frame Number

SM
Session Management

SMF
Session Management Function

TDD
Time Division Duplex

TDM
Time Division Multiplexing
TMA
Tower Mounted Amplifier
TNL
Transport Network Layer

<<<<<<<<<<<<<<<<<<<< Unchanged Text Omitted >>>>>>>>>>>>>>>>>>>>
4.2   7.x
Positioning function
7.x.1
Overview
The positioning includes downlink only positioning techniques, uplink only postioning techniques, and downlink and uplink positioning techniques. For the downlink positioning techniques, LMF requests downlink positioning information from gNB and sends it to UE for positioning measurements. For the uplink positioning techniques, LMF requests uplink positioning information from serving gNB and sends it to neighbour gNBs. LMF then requests measurement from gNB and gNB responds with uplink measurements. 
When gNB-CU receives the DL/UL positioning information requests from LMF, it request DL/UL positoning information from gNB-DU. gNB-DU responds with DL/UL positioning information to gNB-CU, who then responds to LMF with the DL/UL postioning information.   
When gNB-CU receives the measurement request from LMF, it requests the positioning measurement from gNB-DU. gNB-DU responds with positioning measurements to gNB-CU, who then responds to LMF with the measurement.
7.x.2
Positioning assistance information delivery
When gNB-CU receives positioning assistance information from LMF, it pass the positioning assistace inforamtion to gNB-DU for broadcast. The gNB-CU would also notify gNB-DU about whether the posSIB is cell specific or area specific. The gNB-DU is responsible for transimitting the sytem information according to the scheduling parameters available.
<<<<<<<<<<<<<<<<<<<< Unchanged Text Omitted >>>>>>>>>>>>>>>>>>>>
4.3   8.x
Positioning procedures
4.3.1   8.x.1
Downlink Positioning Information exchange
This procedure is used for the downlink positioning information exchange between LMF and gNB-DU in NR downlink positioning. Figure 8.x.1-1 shows the downlink positioning information exchange procedure.
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Figure 8.x.1-1 Downlink positioning information exchange procedure
1. The LMF send DOWNLINK INFORMATION REQUEST message to the gNB-CU.
2. The gNB-CU send DOWNLINK POSITIONING INFORMATION REQUEST message to the gNB-DU.

3. The gNB-DU respond the gNB-CU with DOWNLINK POSITIONING INFORMATION RESPONSE message.

4. The gNB-CU respond the LMF with DOWNLINK INFORMATION RESPONSE message. 
4.3.2   8.x.2
Uplink Positioning Information exchange

This procedure is used for the uplink positioning information exchange between LMF and gNB-DU in NR uplink positioning. Figure 8.x.2-1 shows the uplink positioning information exchange procedure.
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Figure 8.x.2-1 Uplink positioning information exchange procedure

1. The LMF send UPLINK INFORMATION REQUEST message to the gNB-CU.

2. The gNB-CU send UPLINK POSITIONING INFORMATION REQUEST message to the gNB-DU.

3. The gNB-DU respond the gNB-CU with UPLINK POSITIONING INFORMATION RESPONSE message.

4. The gNB-CU respond the LMF with UPLINK INFORMATION RESPONSE message. 

4.3.3   8.x.3
Positioning Measurement

This procedure is used for the uplink positioning measurement transfer between LMF and gNB-DU in NR uplink positioning. Figure 8.x.3-1 shows the positioning measurement procedure.
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Figure 8.x.3-1 Positioning measurement procedure

1. The LMF send MEASUREMENT REQUEST message to the gNB-CU.

2. The gNB-CU send POSITIONING MEASUREMENT REQUEST message to the gNB-DU.

3. The gNB-DU respond the gNB-CU with POSITIONING MEASUREMENT RESPONSE message.

4. The gNB-CU respond the LMF with MEASUREMENT RESPONSE message. 

<<<<<<<<<<<<<<<<<<<< Changes End >>>>>>>>>>>>>>>>>>>>
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<<<<<<<<<<<<<<<<<<<< Changes Begin >>>>>>>>>>>>>>>>>>>>
5.1   3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

DRB
Data Radio Bearers
F1-U
F1 User plane interface

F1-C
F1 Control plane interface

F1AP
F1 Application Protocol

GTP-U
GPRS Tunnelling Protocol

IP
Internet Protocol
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Operation and Maintenance
PA
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PF
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QoS
Quality of Service
RP
Reception Point
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Radio Resource Control
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Stream Control Transmission Protocol
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Signalling Radio Bearers
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System Information Block 1
TP
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TRP
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Transport Network Layer

<<<<<<<<<<<<<<<<<<<< Unchanged Text Omitted >>>>>>>>>>>>>>>>>>>>
5.1.1   5.2.x Positioning function

This function allows to transfer positioning messages between the gNB-CU and the gNB-DU. The positioning messages are transferred over F1-C. A gNB-DU may comprise a number of TP/RP/TRP. TP/TRP is responsible for the transimission of PRS while TR/TRP is responsible for measuring the UL-PRS.
With this function, gNB-CU requests downlink/uplink positioning information from gNB-DU, and gNB-DU responds to gNB-CU with the downlink/uplink positioning information.
With this function, gNB-CU requests positioning measurements from gNB-DU, and gNB-DU responds to gNB-CU with the positioning measurements.
With this function, gNB-DU reports positioning measurements to gNB-CU.
<<<<<<<<<<<<<<<<<<<< Unchanged Text Omitted >>>>>>>>>>>>>>>>>>>>
5.1.2   6.1.x Positioning procedures

The F1 positioning procedures are listed below:

· DL Positioning Information Exchange Procedure

· UL Positioning Information Exchange Procedure
· UL Positioning Information Update Procedure

· Positioning Measurement Procedure

· Positioning Measurement Update Procedure

· Positioning Measurement Terminate Procedure
· Positioning Measurement Report Procedure
<<<<<<<<<<<<<<<<<<<< Changes End >>>>>>>>>>>>>>>>>>>>
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<<<<<<<<<<<<<<<<<<<< Changes Begin >>>>>>>>>>>>>>>>>>>>
6.1   8.1
List of F1AP Elementary procedures

In the following tables, all EPs are divided into Class 1 and Class 2 EPs (see subclause 3.1 for explanation of the different classes):

Table 1: Class 1 procedures

	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome

	
	
	Response message
	Response message

	Reset
	RESET
	RESET ACKNOWLEDGE
	

	F1 Setup
	F1 SETUP REQUEST
	F1 SETUP RESPONSE
	F1 SETUP FAILURE

	gNB-DU Configuration Update
	GNB-DU CONFIGURATION UPDATE
	GNB-DU CONFIGURATION UPDATE ACKNOWLEDGE
	GNB-DU CONFIGURATION UPDATE FAILURE

	gNB-CU Configuration Update
	GNB-CU CONFIGURATION UPDATE
	GNB-CU CONFIGURATION UPDATE ACKNOWLEDGE
	GNB-CU CONFIGURATION UPDATE FAILURE

	UE Context Setup
	UE CONTEXT SETUP REQUEST
	UE CONTEXT SETUP RESPONSE
	UE CONTEXT SETUP FAILURE

	UE Context Release (gNB-CU initiated)
	UE CONTEXT RELEASE COMMAND
	UE CONTEXT RELEASE COMPLETE
	

	UE Context Modification (gNB-CU initiated)
	UE CONTEXT MODIFICATION REQUEST
	UE CONTEXT MODIFICATION RESPONSE
	UE CONTEXT MODIFICATION FAILURE

	UE Context Modification Required (gNB-DU initiated)
	UE CONTEXT MODIFICATION REQUIRED
	UE CONTEXT MODIFICATION CONFIRM
	UE CONTEXT MODIFICATION REFUSE

	Write-Replace Warning 
	WRITE-REPLACE WARNING REQUEST
	WRITE-REPLACE WARNING RESPONSE
	

	PWS Cancel
	PWS CANCEL REQUEST
	PWS CANCEL RESPONSE
	

	GNB-DU RESOURCE COORDINATION
	GNB-DU RESOURCE COORDINATION REQUEST
	GNB-DU RESOURCE COORDINATION RESPONSE
	

	Downlink Positioning Information Exchange
	DOWNLINK POSITIONING INFORMATION REQUEST
	DOWNLINK POSITIONING INFORMATION RESPONSE
	DOWNLINK POSITIONING INFORMATION FAILURE

	Uplink Positioning Information Exchange
	UPLINK POSITIONING INFORMATION REQUEST
	UPLINK POSITIONING INFORMATION RESPONSE
	UPLINK POSITIONING INFORMATION FAILURE

	Positioning Measurement
	POSITIONING MEASUREMENT REQUEST
	POSITIONING MEASUREMENT RESPONSE
	POSITIONING MEASUREMENT FAILURE


Table 2: Class 2 procedures

	Elementary Procedure
	Message

	Error Indication
	ERROR INDICATION

	UE Context Release Request (gNB-DU initiated)
	UE CONTEXT RELEASE REQUEST

	Initial UL RRC Message Transfer
	INITIAL UL RRC MESSAGE TRANSFER

	DL RRC Message Transfer
	DL RRC MESSAGE TRANSFER

	UL RRC Message Transfer
	UL RRC MESSAGE TRANSFER

	UE Inactivity Notification 
	UE INACTIVITY NOTIFICATION

	System Information Delivery
	SYSTEM INFORMATION DELIVERY COMMAND

	Paging
	PAGING

	Notify
	NOTIFY

	PWS Restart Indication
	PWS RESTART INDICATION

	PWS Failure Indication
	PWS FAILURE INDICATION

	gNB-DU Status Indication
	GNB-DU STATUS INDICATION

	RRC Delivery Report
	RRC DELIVERY REPORT

	UL Positioning inforamtion Update
	UPLINK POSITIONING INFORMATION UPDATE

	Positioning Measurement Update
	POSITIONING MEASUREMENT UPDATE

	Positioning Measurement Terminate
	POSITIONING MEASUREMENT TERMINATE

	Positioning Measurement Report
	POSITIONING MEASUREMENT REPORT

	Positioning Measurement Failure Indication
	POSITIONING MEASUREMENT FAILURE INDICATION


<<<<<<<<<<<<<<<<<<<< Unchanged Text Omitted >>>>>>>>>>>>>>>>>>>>
6.2   8.x
Positioning message transfer procedures
6.2.1   8.x.1
Downlink Positioning Information Exchange
6.2.1.1   8.x.1.1
General

The purpose of the Downlink Positioning Information Exchange procedure is to allow the gNB-CU to request the gNB-DU node to transfer Downlink Positioning Information to the gNB-CU.

6.2.1.2   8.x.1.2
Successful Operation
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Figure 8.x.1.2-1: Downlink Positioning Information Exchange procedure, successful operation
The gNB-CU initiates the procedure by sending an DOWNLINK POSITIONING INFORMATION REQUEST message. The cell ID is included in the message to indicate in which cell the positioning information is requested. The gNB-DU node responds with DOWNLINK POSITIONING INFORMATION RESPONSE message that contains the available downlink positioning information applicable to the relevant cells/TPs.

6.2.1.3   8.x.1.3
Unsuccessful Operation
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Figure 8.x.1.3-1: Downlink Positioning Information Exchange procedure, unsuccessful operation
If the gNB-DU node does not have any downlink positioning information to report, the gNB-DU node shall respond with an DOWNLINK POSITIONING INFORMATION FAILURE message.
6.2.2   8.x.2
Uplink Positioning Information Exchange
6.2.2.1   8.x.2.1
General

The Uplink Positioning Information Exchange procedure is initiated by the gNB-CU to indicate to the gNB-DU the need to configure the UE to transmit SRS signals and to retrieve the SRS configuration from the eNB.

6.2.2.2   8.x.2.2
Successful Operation
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Figure 8.x.2.2-1: Uplink Positioning Information Exchange procedure, successful operation
The gNB-CU initiates the procedure by sending a UPLINK POSITIONING INFORMATION REQUEST message to the gNB-DU. This message may contain the SRS configuration and number of SRS transmissions desired. If the gNB-CU requests a number of SRS transmissions, the gNB-DU may take this information into account when configuring SRS transmissions for the UE. The gNB-DU shall reply with the UPLINK POSITIONING INFORMATION RESPONSE message.

6.2.2.3   8.x.2.3
Unsuccessful Operation
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Figure 8.x.2.3-1: Uplink Positioning Information Exchange procedure, unsuccessful operation
If the gNB-DU is unable to configure any SRS transmissions for the UE, the gNB-DU shall respond with a UPLINK POSITIONING INFORMATION FAILURE message. If a handover of the target UE has been triggered, the eNB shall send a UPLINK POSITIONING INFORMATION FAILURE message with an appropriate cause value.
6.2.3   8.x.3
Uplink Positioning Information Update

6.2.3.1   8.x.3.1
General

The Uplink Positioning Information Update procedure is sent by the gNB-DU to indicate to the gNB-CU that a change has occurred in the SRS configuration due to a change in SRS configuration parameters in one or more cells.
6.2.3.2   8.x.3.2
Successful Operation
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Figure 8.x.3.2-1: Uplink Positioning Information Update procedure, successful operation
The gNB-DU initiates the procedure by sending a UPLINK POSITIONING INFORMATION UPDATE message to the gNB-CU. This message contains the SRS configuration information for all cells with SRS configured. 

6.2.3.3   8.x.3.3
Unsuccessful Operation

Not Applicable.

6.2.4   8.x.4
Positioning Measurement

6.2.4.1   8.x.4.1
General

The purpose of the Positioning Measurement procedure is to allow the gNB-CU to request the gNB-DU to perform and report positioning measurements for the purpose of UL-TDOA, UL-AOA, E-CID and multi-RTT positioning.

6.2.4.2   8.x.4.2
Successful Operation
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Figure 8.x.3.2-1: Positioning Measurement procedure. Successful operation.

The gNB-CU initiates the procedure by sending a POSITIONING MEASUREMENT REQUEST message to the gNB-DU. If the requested positioning measurement has been successful, the gNB-DU shall reply with a POSITIONING MEASUREMENT RESPONSE message.

6.2.4.3   8.x.4.3
Unsuccessful Operation
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Figure 8.x.3.3-1: Positioning Measurement procedure. Unsuccessful operation.

If the gNB-DU cannot successfully measure the required measurements for the target UE, it shall respond with a POSITIONING MEASUREMENT FAILURE message indicating the cause of the failure.

6.2.5   8.x.5
Positioning Measurement Update

6.2.5.1   8.x.5.1
General

The purpose of the Positioning Measurement Update Procedure is to notify the gNB-DU of a change in the previously signalled measurement configuration for one or more cells for the UE being positioned.

6.2.5.2   8.x.5.2
Successful Operation
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Figure 8.X.4.2-1: Positioning Measurement Update: Successful Operation.
The gNB-CU initiates the procedure by sending a POSITIONING MEASUREMENT UPDATE message. 

6.2.5.3   8.x.5.3
Unsuccessful Operation

Not applicable.

6.2.6   8.x.6
Positioning Measurement Terminate
6.2.6.1   8.x.6.1
General

The purpose of the Measurement Terminate Procedure is to enable the gNB-CU to terminate an on-going measurement identified by the LMF Measurement ID for UL-TDOA, UL-AOA, and multi-RTT positioning; or to terminate periodical E-CID measurements performed by gNB-DU.

6.2.6.2   8.x.6.2
Successful Operation
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Figure 8.x.5.2-1: Positioning Measurement Terminate Procedure: Successful Operation.
The gNB-CU initiates the procedure by sending a POSITIONING MEASUREMENT TERMINATE message.

6.2.6.3   8.x.6.3
Unsuccessful Operation

Not applicable.

6.2.7   8.x.7
Positioning Measurement Report

6.2.7.1   8.x.7.1
General

The purpose of Positioning Measurement Report procedure is for the gNB-DU node to provide the positioning measurements for the UE to the gNB-CU.

6.2.7.2   8.x.7.2
Successful Operation
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Figure 8.x.6.2-1: Positioning Measurement Report procedure, successful operation
The gNB-DU node initiates the procedure by sending an POSITIONING MEASUREMENT REPORT message.

6.2.7.3   8.x.7.3
Unsuccessful Operation

Not applicable.

<<<<<<<<<<<<<<<<<<<< Unchanged Text Omitted >>>>>>>>>>>>>>>>>>>>
6.2.8   9.2.x
Positioning message transfer messages
6.2.8.1   9.2.x.1
DOWNLINK POSITIONING INFORMATION REQUEST
This message is sent by gNB-CU to request DL positioning information.

Direction: gNB-CU ( gNB-DU.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	DL Positioning Information
	M
	
	
	
	
	

	  >NR CGI
	M
	
	9.3.1.12
	
	YES
	reject

	  >NR PCI
	O
	
	INTEGER(0..1007)
	
	
	

	  >DL Information
	M
	
	ENUMERATED (NR-arfcn, cpLength, noDlFrames, noAntennaPorts, sFNInitTime, nG-RANAccessPointPosition, tpid, tpType, crsCPlength, dlBandwidth, …,

tddConfig)
	
	YES
	reject


6.2.8.2   9.2.x.2
DOWNLINK POSITIONING INFORMATION RESPONSE
This message is sent by gNB-DU to provide DL positioning information.

Direction: gNB-DU ( gNB-CU.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	DL Cell Information
	M
	
	9.3.1.a
	
	YES
	reject


6.2.8.3   9.2.x.3
DOWNLINK POSITIONING INFORMATION FAILURE
This message is sent by gNB-DU to indicate that the DL positioning information cannot be provided.

Direction: gNB-DU ( gNB-CU.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	Cause
	M
	
	9.3.1.2
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore


6.2.8.4   9.2.x.4
UPLINK POSITIONING INFORMATION REQUEST

This message is sent by the gNB-CU to indicate to the gNB-DU the need to configure the UE to transmit SRS signals for uplink positioning measurement.

Direction: gNB-CU ( gNB-DU.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	Requested SRS Transmission Characteristics
	O
	
	9.3.1.b
	
	YES
	ignore


6.2.8.5   9.2.x.5
UPLINK POSITIONING INFORMATION RESPONSE

This message is sent by the gNB-DU to provide the configured SRS information to the gNB-CU.

Direction: gNB-DU ( gNB-CU.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	UL Configuration
	M
	
	9.3.1.c
	
	YES
	reject

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore


6.2.8.6   9.2.x.6
UPLINK POSITIONING INFORMATION FAILURE

This message is sent by the gNB-DU to indicate that no SRS transmissions could be configured for the UE for uplink positioning measurement.

Direction: gNB-DU ( gNB-CU.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	Cause
	M
	
	9.3.1.2
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore


6.2.8.7   9.2.x.7


UPLINK POSITIONING INFORMATION UPDATE

This message is sent by the gNB-DU to indicate that the SRS configuration for the UE, for one or more cells, has changed.

Direction: gNB-DU ( gNB-CU.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	LPPa Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	UL Configuration
	O
	
	9.3.1.c
	
	YES
	ignore


6.2.9   9.2.x.8


POSITIONING MEASUREMENT REQUEST

This message is sent by the gNB-CU to request the gNB-DU to make positioning measurements.

Direction: gNB-CU ( gNB-DU.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	Measurement ID
	M
	
	INTEGER (FFS)
	
	YES
	reject

	UL Measurement Configuration
	M
	
	9.3.1.d
	
	YES
	reject

	Measurement Quantities
	
	1 .. <maxnoMeas>
	
	
	EACH
	reject

	  >Measuremrent Item
	M
	
	ENUMERATED (Cell-ID, Angle of Arrival, Relative Time of Arrival, Time Difference of Rx and Tx, RSRP, RSRQ,…)
	
	
	

	  >Report Characteristics
	O
	
	ENUMERATED(OnDemand, Perodic,…)
	
	
	

	  >Measurement Periodicity
	C-ifReportCharacteristicsPeriodic
	
	ENUMERATED(120ms, 240ms, 480ms, 640ms, 1024ms, 2048ms, 5120ms, 10240ms, 1min, 6min, 12min, 30min, 60min,…)
	
	
	


	Range bound
	Explanation

	maxnoMeas
	Maximum no. of measured quantities that can be configured and reported with one message. Value is FFS.


	Condition
	Explanation

	ifReportCharacteristicsPeriodic
	This IE shall be present if the Report Characteristics IE is set to the value "Periodic".


6.2.10   9.2.x.9


POSITIONING MEASUREMENT RESPONSE

This message is sent by the gNB-DU to report UL positioning measurements for the target UE.

Direction: gNB-DU ( gNB-CU.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	Measurement ID
	M
	
	INTEGER (FFS)
	
	YES
	reject

	Positioning measurements
	M
	
	9.3.1.e
	
	YES
	reject

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore


6.2.11   9.2.x.10


POSITIONING MEASUREMENT FAILURE

This message is sent by the gNB-DU to report measurement failure.

Direction: gNB-DU ( gNB-CU.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	Measurement ID
	M
	
	INTEGER (FFS)
	
	YES
	reject

	Cause
	M
	
	9.3.1.2
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.3.1.3
	
	YES
	ignore


6.2.12   9.2.x.11


POSITIONING MEASUREMENT UPDATE

This message is sent by the gNB-CU to indicate to the gNB-DU that the previously signalled measurement configuration for the target UE has changed for one or more cells, and to convey the SRS configuration for all cells with SRS configured for the target UE.

Direction: gNB-CU (  gNB-DU.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	Measurement ID
	M
	
	INTEGER (FFS)
	
	YES
	reject

	UL Measurement Configuration
	M
	
	9.3.1.d
	
	YES
	reject


6.2.13   9.2.x.12


POSITIONING MEASUREMENT TERMINATE
This message is sent by the gNB-CU to request the gNB-DU to terminate the measurement identified by the Measurement ID.

Direction: gNB-CU (  gNB-DU.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	Transaction ID
	M
	
	9.3.1.23
	
	-
	

	Measurement ID
	M
	
	INTEGER (FFS)
	
	YES
	reject


6.2.13.1   9.2.x.13
POSITIONING MEASUREMENT REPORT

This message is sent by gNB-DU to report the results of the requested positioning measurement.

Direction: gNB-DU ( gNB-CU.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	ignore

	Transaction ID
	M
	
	9.3.1.23
	
	-
	

	Measurement ID
	M
	
	INTEGER (FFS)
	
	YES
	reject

	Positioning Measurements
	M
	
	9.3.1.e
	
	YES
	ignore


<<<<<<<<<<<<<<<<<<<< Unchanged Text Omitted >>>>>>>>>>>>>>>>>>>>
6.2.14   9.3.1
Radio Network Layer Related IEs

6.2.15   9.3.1.a
DL Cell Information

This IE contains DL positioning related cell information of a cell/TP.
Editor’s Note: Details are FFS pending RAN1 progress.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	gNB-DU Type
	M
	
	ENUMERATED (pos-only, …)
	A gNB-DU with positioning function only.

	TRP Cell information
	
	1 ..<maxTRPs>
	
	

	  >TRP ID
	M
	
	INTEGER (FFS)
	

	  >TRP type
	M
	
	ENUMERATED (tp, trp, PRS-only tp, …)
	

	  >NR CGI
	M
	
	9.3.1.12
	

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

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

	  >NG-RAN Access Point Position
	M
	
	9.3.1.f
	The configured estimated geographical position of the antenna of the cell/TRP.


6.2.16   9.3.1.b
Requested SRS Transmission Characteristics

The purpose of the Requested SRS Transmissions Characteristics information element is to inform the gNB-DU of the number and bandwidth of SRS transmissions requested for the UE for the purpose of UL positioning.
Editor’s Note: Details are FFS pending RAN1 progress.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Number Of Transmissions
	M
	
	INTEGER (FFS)
	The number of periodic SRS transmissions requested. The value of ‘0’ represents an infinite number of SRS transmissions.

	Bandwidth
	M
	
	INTEGER (FFS) 
	The requested bandwidth of the SRS transmissions, the value of which corresponds to the number of resource blocks requested to be allocated.


6.2.17   9.3.1.c
UL Configuration

The purpose of the Uplink Configuration information element is to inform the gNB-CU of the uplink configuration parameters.
Editor’s Note: Details are FFS pending RAN1 progress.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	SRS Configuration
	M
	1 ..<maxServCell>
	
	Configuration of SRS for corresponding serving cells. 

	  >NR PCI
	M
	
	INTEGER (0.. 1007)
	

	  >UL NR-ARFCN
	M
	
	INTEGER (0.. 3279165)
	The uplink NR-UTRA carrier frequency

	  >Number of Transmissions
	M
	
	INTEGER (FFS)
	The number of periodic SRS transmissions. The value of ‘0’ represents an infinite number of SRS transmissions.

	  >UL-bandwidth
	M
	
	ENUMERATED(FFS)
	Cell transmission bandwidth configuration in uplink 

	  >srs-BandwidthConfig
	M
	
	ENUMERATED (FFS)
	


	Range bound
	Explanation

	maxServCell
	Maximum number of serving cells with SRS configuration. Value is FFS.


6.2.18   9.3.1.d
UL Measurement Configuration

The purpose of the UL Measurement Configuration IE is to convey the UL measurement parameters to the gNB-DU.
Editor’s Note: Details are FFS pending RAN1 progress.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Search Window Parameters
	O
	
	FFS
	

	Number of Transmissions
	M
	
	INTEGER (FFS)
	The number of periodic SRS transmissions. The value of ‘0’ represents an infinite number of SRS transmissions.

	SRS Configuration
	M
	<1..

maxServCell>
	
	Configuration of SRS for corresponding serving cells.

	>NR PCI
	M
	
	INTEGER (0.. 1007)
	

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

	>UL-bandwidth
	M
	
	ENUMERATED (FFS)
	Cell transmission bandwidth configuration in uplink 

	>srs-BandwidthConfig
	M
	
	ENUMERATED (FFS)
	Cell-specific SRS bandwidth configuration


	Range bound
	Explanation

	maxServCell
	Maximum number of serving cells with SRS configuration. Value is FFS.


6.2.19   9.3.1.e
Positioning Measurements

The purpose of the Positioning Measurements IE is to signal positioning measurement results to the gNB-CU.
Editor’s Note: Details are FFS pending RAN1 progress.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	NG-RAN Access Point Position
	O
	
	9.3.1.f
	The configured estimated geographical position of the antenna of the cell.

	TRP Measurement Results
	
	0 .. <maxnoTRPs>
	
	

	  >TRP ID
	
	
	
	

	  >CHOICE Measurement Value
	M
	
	
	

	    >>RTOAMeasurements
	M
	<0..maxNoRTOA>
	
	

	    >>>UL EARFCN
	M
	
	INTEGER (0.. 3279165)
	

	    >>> Value RTOA
	M
	
	INTEGER (FFS)
	Relative time of arrival measruement. 

	  >>AOAMeasurements
	
	<0..maxNoAOA>
	
	

	    >>>UL EARFCN
	M
	
	INTEGER (0.. 3279165)
	

	    >>> Value RTOA
	M
	
	INTEGER (FFS)
	Angle of arrival measruement. 

	  >>TDRTMeasurements
	
	<0..maxNoTDRT>
	
	

	    >>>UL EARFCN
	M
	
	INTEGER (0.. 3279165)
	

	    >>>Value TDRT
	M
	
	INTEGER (FFS)
	Time difference between Rx and Tx Measruement. 

	>> E-CIDMeasurements
	
	
	
	

	  >>>CHOICE Measurement Value
	M
	
	
	

	  >>>>CellID
	
	
	
	

	    >>>>>Serving Cell ID
	M
	
	NG-RAN CGI

9.3.1.126
	NG-RAN Cell Identifier of the serving cell

	    >>>>>Serving Cell TAC
	M
	
	5GS TAC

9.2.1.29
	Tracking Area Code of the serving cell

	  >>>>RSRPMeasurements
	
	<0.. maxCellReport >
	
	

	    >>>>>NR CGI
	O
	
	9.3.1.12
	

	    >>>>>NR PCI
	M
	
	INTEGER (0..1007)
	

	    >>>>>UL EARFCN
	M
	
	INTEGER (0.. 3279165)
	

	    >>>>> Value RSRP
	M
	
	INTEGER (FFS)
	RSRP Measruement. 

	  >>>>RSRQMeasurements
	
	<0.. maxCellReport >
	
	

	    >>>>>NR CGI
	O
	
	9.3.1.12
	

	    >>>>>NR PCI
	M
	
	INTEGER (0..1007)
	

	    >>>>>UL EARFCN
	M
	
	INTEGER (0.. 3279165)
	

	    >>>>>Value RSRQ
	M
	
	INTEGER (FFS)
	RSRQ Measruement. 


	Range bound
	Explanation

	maxnoTRPs
	Maximum no. of TRPs within one gNB-DU that the measurements can be reported with one message. Value is FFS.

	maxnoMeas
	Maximum no. of measured quantities that can be configured and reported with one message. Value is FFS.

	maxNoRTOA
	Maximum no. of UL RTOA measurements  per UE is FFS
, one measurement per carrier.

	maxNoAOA
	Maximum no. of UL AOA measurements  per UE is FFS
, one measurement per carrier.

	maxNoTDRT
	Maximum no. of UL TDRT measurements  per UE is FFS
, one measurement per carrier.

	maxCellReport
	Maximum no. of cells that can be reported with one message. Value is FFS.


6.2.20   9.3.1.f
NG-RAN Access Point Position

The NG-RAN Access Point Position IE is used to identify the geographical position of an NG-RAN Access Point. It is expressed as ellipsoid point with altitude and uncertainty ellipsoid according to TS 23.032 [8].

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

	Latitude Sign
	M
	
	ENUMERATED (North, South)
	

	Degrees Of Latitude
	M
	
	INTEGER

(0..223-1)
	The IE value (N) is derived by this formula:

N223 X /90  N+1

X being the latitude in degrees (0°.. 90°).

	Degrees Of Longitude
	M
	
	INTEGER

(-223..223-1)
	The IE value (N) is derived by this formula:

N224 X /360  N+1

X being the longitude in degrees (-180°..+180°).

	Direction of Altitude
	M
	
	ENUMERATED (Height, Depth)


	

	Altitude
	M
	
	INTEGER

(0..215-1)
	The relation between the value (N) and the altitude (a) in meters it describes is N ( a < N+1, except for N=215-1 for which the range is extended to include all greater values of (a).

	Uncertainty semi-major
	M
	
	INTEGER (0..127)
	The uncertainty "r" is derived from the "uncertainty code" k by r = 10x(1.1k-1).

	Uncertainty semi-minor
	M
	
	INTEGER (0..127)
	The uncertainty "r" is derived from the "uncertainty code" k by r = 10x(1.1k-1).

	Orientation of major axis
	M
	
	INTEGER (0..179)
	

	Uncertainty Altitude
	M
	
	INTEGER (0..127)
	The uncertainty altitude "h" expressed in metres is derived from the "uncertainty code" k, by:

h=45x(1.025k-1).

	Confidence
	M
	
	INTEGER (0..100)
	In percentage


<<<<<<<<<<<<<<<<<<<< Changes End >>>>>>>>>>>>>>>>>>>>
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