AT&T
Enhancements In Network Provided Location Information
Standards Proposals
AT&T, Alcatel-Lucent	V2.6 
2013-09-10








Table of Contents
1.	Executive Summary	3
2.	Reference:	3
3.	Summary of Issues in LTE Access Network	3
3.1	Proposed Changes in Stage 2 Specifications	4
3.2	Proposed Changes in TS 36.413 S1AP Protocol	5
3.2.1	ERAB Release Response	5
3.2.2	ERAB Release Indication	6
3.2.3	UE Context Release Request	7
3.2.4	UE Context Release Complete	8
3.2.5	ERAB Release Command	8
3.3	Proposed Changes in TS 29.274 GTPv2-C Protocol	9
3.3.1	Delete Session Request	9
3.3.2	Delete Bearer Command	15
3.3.3	Release Access Bearer Request	16
3.3.4	Fully Qualified Cause (F-Cause)	18
4.	Summary of Issues in LTE EPC Core and Interface to IMS Core Network	18
4.1	Proposed Resolution to 3GPP Standards	19
5.	Conclusion	20



[bookmark: _Toc360104226]Executive Summary
This whitepaper consists of 2 areas (i.e., one in LTE Access Network and one in LTE/IMS core network) that AT&T recommend the 3GPP standards should address, in order to support providing the accurate last Cell Id to the SGW-CDR, the PGW-CDR and the IMS CDRs at a VoLTE call termination and/or at the IMS data session termination without causing excessive signaling load in the LTE Access Network and in the LTE/IMS Core Network.
In both areas, AT&T proposed the necessary standards updates to support above goals.  These proposals will also benefit other carriers/operators, during the deployment of LTE services and VoLTE services. 
[bookmark: _Toc360104227]Reference:
· 3GPP TS 36.413, S1 Application Protocol (S1AP)
· 3GPP TS 29.274, 3GPP Evolved Packet System (EPS) Evolved General Packet Radio Service (GPRS) Tunnelling Protocol for Control plane (GTPv2-C)  Stage 3
· 3GPP TS 23.401: "General Packet Radio Service (GPRS) enhancements for Evolved Universal Terrestrial Radio Access Network (E-UTRAN) access"
· 3GPP TS 24.301: “Non-Access-Stratum (NAS) protocol for Evolved Packet System (EPS); Stage 3”
· 3GPP TS 24.008: “Mobile radio interface Layer 3 specification; Core network protocols; Stage 3”
· 3GPP TS 25.413: “UTRAN Iu interface RANAP signaling”
· 3GPP TS 48.018: “BSS GPRS Protocol (BSSGP)”
· 3GPP TS 29.212: “Policy and Charging Control over Gx reference point”
· 3GPP TS 29.214: “Policy and Charging Control over Rx reference point”
[bookmark: _Toc360104228]Summary of Issues in LTE Access Network
3GPP TS23.401, TS 36.413 and TS 29.274 have provided mechanisms to report User Location Information (ULI) and/or UE Time Zone information to the S/PGW.  However, there are still gaps when we are getting into the actual carrier network implementation. 
First, the ECGI is only reported in the Uplink NAS messages, which may not be the up-to-date information when an ERAB or a data call is released or dropped.  If a carrier would need the up-to-date ULI information in the S/PGW CDR records when an ERAB or a data call is released or dropped, the MME must have the most up-to-date ULI information from eUTRAN.  However, the current ERAB Release Response, ERAB Release Indication, UE Context Release Request and UE Context Release Complete do not include the ECGI IE.  Therefore, a call might be dropped in a cell in the same eNB but it is different from the last reported ECGI in the last Uplink NAS message and the most recent ECGI is never reported to the MME when the call is dropped.  In turn, MME might not be able to report the correct ECGI information for the call drop to the S/PGWs in the Delete Session Request, Delete Bearer Command and Delete Bearer Response messages towards S/PGWs.  Furthermore, Delete Bearer Command and Release Access Bearer Request messages currently are missing the ULI IE and the UE Time Zone IE.
Second, the Location Report mechanism described in TS 23.401 and TS 36.413 is a separate location reporting procedure on the S1-MME interface.  It could be turned on to continuously report the User Location Information every time the UE changes a cell.  This would cause significant signaling load in a carrier access network for medium and high mobility devices (i.e., smart phones, tablets).  A carrier may mainly be interested in where the ERAB or the data call is established and where it is released or dropped.  Intermediate ECGI information may not be too much of interests.  Of course, the Location Reporting Procedure in the standards also provides an on-demand mechanism.  The issue with this on-demand mechanism is that the location reporting procedure is used when UE is in the ECM_Connected mode and the eNB might not be able to execute the location reporting procedure properly when MME requested the UE last seen ECGI from the eNB after MME learned that the ERAB or the data call is released or dropped.  In any case, the current standard Location Reporting Procedure adds additional signaling procedure on the S1-MME interface and the end-to-end call flow. 
Third, for IMS capable UEs, they may report the up-to-date ECGI information over the Gm interface between the UE and the P-CSCF.  However, this is invisible to the S/PGW and the S/PGW will not be able to include the latest ECGI information in the SGW-CDR and/or the PGW-CDR and/or to report to the IMS core. In addition, if a call is dropped due to RF conditions, the UE has no way to give the last seen ECGI to the P-CSCF over the Gm interface. 
Fourth, a carrier may also need the RAN and/or NAS cause codes information from the access network to be included in the S/PGW CDRs for call performance analysis, User QoE analysis and proper billing reconciliation.  Per E-RAB Cause Information Element can be used in ERAB Release Command and ERAB Release Indication messages in TS 36.413.  However no RAN and NAS causes can be forwarded in the Delete Session Request, Delete Bearer Command and Release Access Bearer Request messages over the S11 interface defined in TS 29.274.   
Therefore, in order to address the above gaps, an enhanced network solution is required which is beyond what was discussed in the S2-120967, S2-120968, S2-120970, S2-121095, S2-121096 and S2-121098. 
[bookmark: _Toc360104229]Proposed Changes in Stage 2 Specifications 

3.1.1 The following changes are proposed for TS 23.401

· the eNB provides the ECGI in bearer release and UE context release messages: 
· Bearer  Release Response (required for PGW initiated deactivation for an ERAB), 
· Bearer Release Indication (required for MME initiated deactivation), 
· UE Context Release Request (required for S1 release procedure) and 
· UE Context Release Complete (required for PGW initiated deactivation for an ERAB).
· A “RAN/NAS Cause”, which indicates AS and/or NAS causes, is added to Session Deletion Request and Delete Bearer Command.The “RAN/NAS Cause” provided by the MME is transmitted transparently by the SGW to the PGW, and from the PDN GW to PCRF.

3.1.2  	The following changes are proposed for TS 23.203
· When the ANI trigger is registered by an AF, RAN/NAS Cause code is reported with ULI to PCRF and the AF.  

[bookmark: _Toc360104230]Proposed Changes in TS 36.413 S1AP Protocol
This following is based on the R11 Version 11.1.0, September 2012
[bookmark: _Toc360104231]ERAB Release Response
The Evolved Cell Global ID and Tracking Area Identifier Information Elements should be added in the message as Optional IE’s.
This message is sent by the eNB and is used to report the outcome of the request from the E-RAB RELEASE COMMAND message.
Direction: eNB  MME
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	ignore

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	ignore

	E-RAB Release List 
	
	0..1
	
	
	YES
	ignore

	>E-RAB Release Item IEs
	
	1 to <maxnoof E-RABs>
	
	
	EACH
	ignore

	>>E-RAB ID
	M
	
	9.2.1.2
	
	-
	

	E-RAB Failed to Release List 
	O
	
	E-RAB List 
9.2.1.36
	a value for E-RAB ID shall only be present once in E-RAB Release List IE + E-RAB Failed to Release List IE
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.1.21
	
	YES
	Ignore

	ECGI
	O
	
	9.2.1.38
	
	YES
	Ignore

	TAI
	O
	
	9.2.3.16
	
	YES
	Ignore



	Range bound
	Explanation

	maxnoofE-RABs
	Maximum no. of E-RAB allowed towards one UE, the maximum value is 256. 


[bookmark: _Toc360104232]ERAB Release Indication
The Evolved Cell Global ID, Tracking Area Identifier and Cause Information Elements should be added in the message as Optional IE’s.
This message is sent by the eNB and is used to indicate the MME to release one or several E-RABs for one UE.
Direction: eNB  MME
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	ignore

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	reject

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	reject

	E-RAB Released List 
	M
	
	E-RAB List 
9.2.1.36
	a value for E-RAB ID shall only be present once in E-RAB Released List IE.
 A cause value is associated with each E-RAB.
	YES
	Ignore

	ECGI
	O
	
	9.2.1.38
	
	YES
	Ignore

	TAI
	O
	
	9.2.3.16
	
	YES
	Ignore



	Range bound
	Explanation

	maxnoofE-RABs
	Maximum no. of E-RAB allowed towards one UE, the maximum value is 256. 


[bookmark: _Toc360104233]UE Context Release Request
The Evolved Cell Global ID and Tracking Area Identifier Information Elements should be added in the message as Optional IE’s.
This message is sent by the eNB to request the release of the UE-associated S1-logical connection over the S1 interface.
Direction: eNB  MME
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	ignore

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	reject

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	reject

	Cause
	M
	
	9.2.1.3
	
	YES
	ignore

	GW Context Release Indication
	O
	
	9.2.1.84
	
	YES
	Reject

	ECGI
	O
	
	9.2.1.38
	
	YES
	Ignore

	TAI
	O
	
	9.2.3.16
	
	YES
	Ignore


[bookmark: _Toc360104234]UE Context Release Complete
The Evolved Cell Global ID and Tracking Area Identifier Information Elements should be added in the message as Optional IE’s. 
This message is sent by the eNB to confirm the release of the UE-associated S1-logical connection over the S1 interface.
Direction: eNB  MME
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	ignore

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.1.21
	
	YES
	Ignore

	ECGI
	O
	
	9.2.1.38
	
	YES
	Ignore

	TAI
	O
	
	9.2.3.16
	
	YES
	Ignore


[bookmark: _Toc360104235]ERAB Release Command
A comment is added to the “E-RAB To Be Released List” IE.
This message is sent by the MME and is used to request the eNB to release allocated resources on Uu and S1 for one or several E-RABs.
Direction: MME  eNB
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	reject

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	reject

	UE Aggregate Maximum Bit Rate
	O
	
	9.2.1.20
	
	YES
	reject

	E-RAB To Be Released List 
	M
	
	E-RAB List 
9.2.1.36
	a value for E-RAB ID shall only be present once in E-RAB To Be Released List IE.
A cause value is associated with each E-RAB.
	YES
	ignore

	NAS-PDU
	O
	
	9.2.3.5
	
	YES
	Ignore	Comment by Jiansong Wang: Agree. E-RAB list IE includes the “cause”.



	Range bound
	Explanation

	maxnoofE-RABs
	Maximum no. of E-RAB allowed towards one UE, the maximum value is 256. 


[bookmark: _Toc360104236]Proposed Changes in TS 29.274 GTPv2-C Protocol
The following is based on R11 Version 11.4.0, September 2012
[bookmark: _Toc360104237]Delete Session Request
The RAN/NAS cause IE should be added in the message. 
The direction of this message shall be from MME/S4-SGSN to SGW, from SGW to PGW and from TWAN/ePDG to PGW (see Table 6.1-1).
A Delete Session Request message shall be sent on the S11 interface by the MME to the SGW and on the S5/S8 interface by the SGW to the PGW as part of the procedures:
-	EUTRAN Initial Attach
-	UE, HSS or MME Initiated Detach
-	UE or MME Requested PDN Disconnection
It shall also be sent on the S4 interface by the SGSN to the SGW, and on the S5/S8 interface by the SGW to the PGW as part of 
-	MS, HLR or SGSN initiated detach procedure
-	Combined GPRS/IMSI Attach
-	MS and SGSN Initiated PDN connection Deactivation Procedure using S4
On the S11 interface by the MME to the SGW as part of the procedures:
-	Tracking Area Update with SGW Change
-	S1 Based Handover with SGW Change
-	X2 Based Handover with SGW Relocation
-	E-UTRAN to UTRAN Iu mode Inter RAT handover with SGW change
-	E-UTRAN to GERAN A/Gb mode Inter RAT handover with SGW change
-	Inter RAT handover cancel with SGW change
-	MME to 3G Gn/Gp SGSN combined hard handover and SRNS relocation procedure
-	MME to SGSN Routing Area Update
-	E-UTRAN to Gn/Gp SGSN Inter RAT handover
-	S1 Based handover cancel with SGW change
-	Optimised Active Handover: E-UTRAN Access to CDMA2000 HRPD Access
And on the S4 interface by the SGSN to the SGW as part of 
-	Enhanced Serving RNS Relocation with SGW relocation using S4
-	Routing Area Update with SGW change
-	SGSN to MME Tracking Area Update with SGW change
-	SRNS Relocation Cancel Procedure Using S4 
-	Inter RAT with SGW change handover cancel
-	Serving RNS relocation with SGW change
-	UTRAN Iu mode to E-UTRAN Inter RAT handover with SGW change
-	GERAN A/Gb mode to E-UTRAN Inter RAT handover with SGW change 
-	S4 SGSN to Gn/Gp SGSN Routeing Area Update
-	S4 SGSN to Gn/Gp SGSN Serving RNS Relocation Procedures
-	S4 SGSN to Gn/Gp SGSN PS handover Procedures
The message shall also be sent on the S2b interface by the ePDG to the PGW as part of procedures:
-	UE/ePDG Initiated Detach with GTP on S2b
-	UE Requested PDN Disconnection with GTP on S2b
-	HSS/AAA Initiated Detach with GTP on S2b
The message shall also be sent on the S2a interface by the TWAN to the PGW as part of procedures:
-	UE/TWAN Initiated Detach and UE/TWAN Requested PDN Disconnection in WLAN on GTP S2a
-	HSS/AAA Initiated Detach in WLAN on GTP S2a
This message may also be sent on S5/S8 interface by the SGW to the PGW: 
-	If Downlink Data Notification Acknowledge message with Context not found cause value is received.
During the detach procedure, if ISR is active and SGW receives a Delete Session Request, the SGW shall deactivate the ISR.
When ISR is active, during the detach procedure the SGW shall forward the Delete Session Request message to the PGW on the S5/S8 interface after receiving both of the messages sent from the MME and the SGSN for the same PDN Connection.
NOTE: The SGW can determine if it is a detach procedure based on e.g. it receives a Delete Session Request message for the last PDN Connection.
If there are any procedure collisions, the Delete Session Request shall have precedence over any other Tunnel Management message.
During the handover procedure the Delete Session Request message shall not release the indirect data forwarding tunnels.
Possible Cause values are:
-	"ISR deactivation ".
Table 7.2.9.1-1 specifies the presence of the IEs in the message.
Table 7.2.9.1-1: Information Elements in a Delete Session Request
	Information elements
	P
	Condition / Comment
	IE Type
	Ins.

	Cause
	C
	If ISR is being de-activated, the Cause IE shall be included on the S4/S11 interface with the value "ISR deactivation", which indicates that the SGW shall delete the bearer resources by sending Delete Bearer Request to the MME/SGSN on which ISR was activated with the same Cause value "ISR deactivation".
	Cause
	0

	Linked EPS Bearer ID (LBI)
	C
	This IE shall be included on the S4/S11, S5/S8 and S2a/S2b interfaces to indicate the default bearer associated with the PDN being disconnected unless in the handover/TAU/RAU with SGW relocation procedures.

	EBI
	0

	User Location Information (ULI)
	C
	The MME/SGSN shall include this IE on the S4/S11 interface for the Detach procedure. The MME shall include ECGI.  SGSN shall include CGI/SAI. The SGW shall include this IE on S5/S8 if it receives the ULI from MME/SGSN.
	ULI
	0

	
	CO
	The MME/SGSN shall include this IE on the S4/S11 interface for the UE or MME Requested PDN Disconnection procedure/MS and SGSN Initiated PDN connection Deactivation Procedure using S4.
The MME shall include ECGI.  SGSN shall include CGI/SAI.
The SGW shall include this IE on S5/S8 if it receives the ULI from the MME/SGSN.
	
	

	Indication Flags
	C
	This IE shall be included if any one of the applicable flags is set to 1.
Applicable flags:
Operation Indication: This flag shall be set over S4/S11 interface if the SGW needs to forward the Delete Session Request message to the PGW. This flag shall not be set if the ISR associated GTP entity sends this message to the SGW in the Detach procedure. This flag shall also not be set to 1 in the SRNS Relocation Cancel Using S4 (6.9.2.2.4a in 3GPP TS 23.060 [4]), Inter RAT handover Cancel procedure with SGW change TAU with Serving GW change, Gn/Gb based RAU (see 5.5.2.5, 5.3.3.1, D.3.5 in 3GPP TS 23.401 [3], respectively), S1 Based handover Cancel procedure with SGW change.

This flag shall also not be set for, e.g., X2 based handover procedure with SGW change (see subclause 5.5.1.1.3 in 3GPP TS 23.401 [3]), or S1 based handover procedure with SGW change (see subclause 5.5.1.2.2 in 3GPP TS 23.401 [3]).
Scope Indication: if request corresponds to TAU/RAU/Handover with SGW change/SRNS Relocation Cancel Using S4 with SGW change, Inter RAT handover Cancel procedure with SGW change, S1 Based handover Cancel procedure with SGW change, then this bit shall be set on the S4/S11 interface.
See NOTE 1.
	Indication
	0

	Protocol Configuration Options (PCO)
	C
	If the UE includes the PCO IE, then the MME/SGSN shall copy the content of this IE transparently from the PCO IE included by the UE.
If SGW receives the PCO IE, SGW shall forward it to PGW.
	PCO
	0

	Originating Node
	C
	This IE shall be included on the S4/S11 interface if the ISR is active in MME/SGSN to denote the type of the node originating the message.
The SGW shall release the corresponding Originating Node related EPS Bearer contexts information in the PDN Connection identified by the LBI.
	Node Type
	0

	
	
	
	
	

	Sender F-TEID for Control Plane
	O
	This IE may be included on the S4/S11 interfaces.
If the Sender F-TEID for Control Plane is received by the SGW, the SGW shall only accept the Delete Session Request message when the Sender F-TEID for Control Plane in this message is the same as the Sender F-TEID for Control Plane that was last received in either the Create Session Request message or the Modify Bearer Request message on the given interface. 
If the ISR is activated, two F-TEIDs exist: one for the MME and the other for the SGSN. See NOTE 2.
	F-TEID
	0

	UE Time Zone
	CO
	This IE shall be included by the MME on the S11 interface or by the SGSN on the S4 interface, for Detach and PDN Disconnection procedures, if the UE Time Zone has changed.
	UE Time Zone
	0

	
	CO
	The SGW shall forward this IE on the S5/S8 interface if the SGW supports this IE and it receives it from the MME/SGSN, and if the Operation Indication bit received from the MME/SGSN is set to 1.
	
	

	RAN/NAS Cause
	CO
	The MME/SGSN shall include this IE on the S4/S11 interface to indicate the RAN or/and NAS cause to release the PDN connection, if available. 
If both a RAN cause and a NAS cause are generated, then several IEs with the same type and instance value shall be included to represent a list of causes.

The SGW shall include this IE on the S5/S8 interface if it receives it from the MME/SGSN, and if the Operation Indication bit received from the MME/SGSN is set to 1.
	F- Cause
	0

	Private Extension
	O
	This IE may be sent on the S5/S8, S4/S11 and S2a/S2b interfaces.
	Private Extension
	VS

	NOTE 1:	For the Indication Flags, the combination (Operation Indication, Scope Indication) = 1,1 shall be considered an error if received.
NOTE 2:	Following an inter RAT TAU/RAU failure, the target MME/SGSN may mistakenly initiate the implicit detach procedure while the UE is managed by the other MME/SGSN. In this case, the SGW will reject the Delete Session Request message with the cause "Invalid peer".



[bookmark: _Toc360104238]Delete Bearer Command
The RAN/NAS cause IE should be added in the message.  In addition, the ULI IE and the UE Time Zone IE should be included in the message too.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]A Delete Bearer Command message shall be sent on the S11 interface by the MME to the SGW and on the S5/S8 interface by the SGW to the PGW as a part of the eNodeB requested bearer release or MME-Initiated Dedicated Bearer Deactivation procedure. 
The message shall also be sent on the S4 interface by the SGSN to the SGW and on the S5/S8 interface by the SGW to the PGW as part of the MS and SGSN Initiated Bearer Deactivation procedure using S4.
Table 7.2.17.1-1: Information Elements in Delete Bearer Command
	Information elements
	P
	Condition / Comment
	IE Type
	Ins.

	Bearer Contexts
	M
	This IE shall be used to indicate dedicated bearers. When used, at least one dedicated bearer shall be present. Several IEs with this type and instance values shall be included as necessary to represent a list of Bearers
	Bearer Context 
	0

	User Location Information (ULI)
	CO
	This IE shall be included by the MME on the S11 interface or by the SGSN on the S4 interface. The CGI/SAI shall be included by SGSN and the ECGI shall be included by MME.
The SGW shall forward this IE on the S5/S8 interface if it receives it from the MME/SGSN.
	ULI
	0

	ULI Timestamp 
	CO
	This IE shall be included on the S4/S11 interface if the ULI IE is present. It indicates the time when the User Location Information was acquired. 
The SGW shall include this IE on S5/S8 if the SGW receives it from the MME/SGSN.
	ULI Timestamp
	0

	Private Extension
	O
	
	Private Extension
	VS



Table 7.2.17.1-2: Bearer Context within Delete Bearer Command
	Octet 1
	
	Bearer Context IE Type = 93 (decimal)
	
	

	Octets 2 and 3
	
	Length = n 
	
	

	Octet 4
	
	Spare and Instance fields
	
	

	Information elements
	P
	Condition / Comment
	IE Type
	Ins.

	EPS Bearer ID
	M
	
	EBI
	0

	Bearer Flags
	CO
	Applicable flags are:
VB (Voice Bearer) indicator shall be set to indicate a voice bearer for PS-to-CS (v) SRVCC handover.
Vind (vSRVCC indicator) indicator shall be set to indicate a video bearer for PS-to-CS vSRVCC handover.
	Bearer Flags
	0

	RAN/NAS Cause
	CO

	The MME/SGSN shall include this IE on the S4/S11 interface to indicate the RAN or/and NAS cause to release the bearer, if available. 
If both a RAN cause and a NAS cause are generated, then several IEs with the same type and instance value shall be included to represent a list of causes.
The SGW shall include this IE on the S5/S8 interface if it receives it from the MME/SGSN.
	F- Cause
	0


[bookmark: _Toc360104239]Release Access Bearer Request
The RAN/NAS cause IE should be added in this message.  In addition, the ULI IE and the UE Time Zone IE should be included in the message too. The MME may choose to include these optional IEs in Release Access Bearer Request message only when Evolved Radio Access Bearers are released abnormally in the eUTRAN. For example, the S1AP release cause codes are neither “Normal Release” nor “User Inactivity”. 
The Release Access Bearers Request message shall sent on the S11 interface by the MME to the SGW as part of the S1 release procedure.
The message shall also be sent on the S4 interface by the SGSN to the SGW as part of the procedures:
-	RAB release using S4
-	Iu Release using S4
-	READY to STANDBY transition within the network
Table 7.2.21-1: Information Element in Release Access Bearers Request

	Information elements
	P
	Condition / Comment
	IE Type
	Ins.

	List of RABs
	C
	Shall be present on S4 interface when this message is used to release a subset of all active RABs according to the RAB release procedure.
Several IEs with this type and instance values shall be included as necessary to represent a list of RABs to be released.
	EBI
	0

	Originating Node
	CO
	This IE shall be sent on S11 interface, if ISR is active in the MME.
This IE shall be sent on S4 interface, if ISR is active in the SGSN
See NOTE 1.
	Node Type
	0

	RAN/NAS Cause 
	CO
	The MME/SGSN may include this IE on the S11/S4 interface for abnormal access bearers release scenarios to indicate the RAN or/and NAS cause to release the access bearers, if available. 
If both a RAN cause and a NAS cause are generated, then several IEs with the same type and instance value shall be included to represent a list of causes.
See NOTE 2.
	F- Cause
	0

	User Location Information (ULI) 
	CO
	The MME/SGSN shall include this IE on the S11/S4 interface if the RAN/NAS Cause IE is present. If present, the CGI/SAI shall be included by SGSN and the ECGI shall be included by MME. 
See NOTE 2.
	ULI
	0

	ULI Timestamp 
	CO
	This IE shall be included on the S4/S11 interface if the ULI IE is present. It indicates the time when the User Location Information was acquired. 
See NOTE 2.
	ULI Timestamp
	0

	Private Extension
	O
	
	Private Extension
	VS

	NOTE 1:	If SGW has the S1-U F-TEIDs for the UE, but the Originating Node IE contains value "SGSN", then the SGW shall not release the user plane and shall send a positive response to the SGSN.

If SGW has the S12 RNC TEIDs or S4-U SGSN TEIDs for the UE, but the Originating Node IE contains value "MME", then the SGW shall not release the user plane and shall send a positive response to the MME.
NOTE 2:  The SGW may use this information in SGW-CDR. This IE should not be included in the message for normal access bearers release scenarios (e.g. user inactivity) to avoid generating unnecessary extra CDRs in the SGW.  


[bookmark: _Toc360104240]Fully Qualified Cause (F-Cause)
[bookmark: _Toc359420876][bookmark: _Toc360104242]8.49	Fully Qualified Cause (F-Cause)
Fully Qualified Cause (F- Cause) is coded as depicted in Figure 8.49-1. 
	
	
	Bits
	

	
	Octets
	8
	7
	6
	5
	4
	3
	2
	1
	

	
	1
	Type = 119 (decimal)
	

	
	2 to 3
	Length = n
	

	
	4
	Spare
	Instance
	

	
	5
	Protocol Type
	Cause Type
	

	
	6 to (n+4)
	F-Cause field
	


Figure 8.49-1: Full Qualified Cause (F-Cause)

[bookmark: _Toc360104243]Table 8.49-0: Protocol Type values
	Protocol Type
	Values (Decimal)

	Undefined (see NOTE)
	0

	S1AP Cause
	1

	EMM Cause
	2

	ESM Cause
	3

	GMM Cause
	4

	SM Cause
	5

	RANAP Cause
	6

	BSSGP Cause
	7

	<spare>
	8-15

	NOTE: 	This value may only be used over the S10/S16/S3 interfaces.



Note: This secction is for illustration. Please see proposed CRs for exact changes. 

[bookmark: _Toc360104244]Summary of Issues in LTE EPC Core and Interface to IMS Core Network
VoLTE carriers need the last cell/sector updates within the IMS CDRs to assist in troubleshooting customer complaints due to dropped calls as well as LTE network analysis, performance, fraud detection, and operational maintenance.  The ultimate objective is to get the last cell sector data in the IMS CDR records in addition to the ULI reporting for session establishment.  The challenge is to determine how to capture that data without burdening the network with unwanted and overwhelming intermediate cell sector updates.
Ideally the release or loss of bearer would trigger the inclusion of the last known cell sector information in the corresponding abort or loss of bearer messages sent to the downstream network elements.  Furthermore, the standards should provide the flexibility for network operations to set policy for ULI reporting for specified events.
 There is an issue on delivering the last cell sector information from the PGW to the P-CSCF under the current standards framework.  Neither the Gx interface nor the Rx interface standards (3GPP TS 29.212 or TS 29.214) provide a satisfactory means of delivering the last cell sector data into the IMS CDR records. The Standards provide a method to deliver updated locations to the P-CSCF, but this is an “all” or “nothing” scenario.  This solution may be a significant concern for a carrier/operator as the signaling traffic would overwhelm the network as each and every location change would be monitored and delivered to the P-CSCF.  The delivery of the location updates from the PGW to the P-CSCF need to be enhanced to meet the high level carrier business requirement of getting the last cell sector data in the IMS records and avoiding unnecessary signaling load on the LTE EPC core network and IMS core network.
[bookmark: _Toc360104245]Proposed Resolution to 3GPP Standards
Assumption: The S/P GW has received a “Delete Bearer Command” or a “Delete Session Request” message.  Per the discussions in Section 3, the MME will deliver the last cell/sector location (i.e., ECGI + TAI) report as part of both messages.   Either message would be delivered from the MME to the S/PGW for EPS bearer failures (dropped call scenarios) and/or session failures: 
· Failure of the dedicated bearer, which is signaled with S11 “Delete Bearer Command”  or 
· Failure of the IP-CAN session (implicit or explicit detach), which is signaled with S11 “Delete Session Request”. 
Once the PGW gets the Delete Bearer Command or the Delete Session Request from the MME, this should trigger the PCEF to send a CCR-U command (Charging Rule Report) to the PCRF for failure of the dedicated bearer or CCR-T for failure of the IP-CAN Session.  If CCR-U or CCR-T triggers the termination of the Rx session between the PCRF and the P-CSCF, then the PCRF will send ASR (Abort Session Request) to the P-CSCF.
Additionally , prior to the reception of the Delete Bearer Command or Delete Session Request from the MME to the S/PGW , the P-CSCF may arm two specific triggers at the PCRF, “Indication of Release of Bearer” and “Indication of Failed Resources and Allocation” via the AAR command per 3GPP TS 29.214:
· AAR with Specific Action AVP (id 513) – Specific_Action = “Indication of Release of Bearer (4)” or
· AAR with Specific Action AVP  Specific_Action = “Indication of Failed Resources Allocation (9)”
Whenever any of these events occurs, the PCRF shall reply to the P-CSCF with the RAR command with the specific-Action AVP for either failure indication:
· RAR Report with Specific-Action=”Indication of Release of Bearer” or
· RAR Report with Specific-Action=”Indication of Failed Resources Allocation” 
Currently, there is no defined mechanism for triggering the location information from the PGW/PCRF to the P-CSCF for those events.  So the 3GPP ULI location reporting AVP needs to be added to existing session control commands from the PCEF to the PCRF and from the PCRF to the P-CSCF:
· CCR-U – Charging rule report. This message is sent (GX) from the PCEF to the PCRF to indicate a failure of the dedicated bearer.  In the response message, there is no location information allocated within this command.  The location information needs to be added to the command, or the location AVP needs to be included.
· CCR-T – Charging rule report. This message is sent (GX) from the PCEF to the PCRF to indicate a failure of the IP-CAN session. In the response message, there is no location information allocated within this command.  The location information needs to be added to the command, or the location AVP needs to be included
· ASR – Abort Session Request: This message is sent (Rx) from the PCRF to the P-CSCF.  In the message there is no allocation for location info.  Either the location information can be added to the ASR message or the location AVP needs to be added.   
· RAR – Specific Action: Indication of Release of Bearer or Specific Action Indication of Failed Resources Allocation.  This message is sent (Rx) from the PCRF to the P-CSCF in response to the failure of the specific action.  In the response message, there is no location information allocated within this AVP.  Either the location info can be added to this AVP or the location AVP needs to be added.
· ASR – Abort Session Request: This message is sent (Rx) from the PCRF to the P-CSCF.  In the message there is no allocation for location info.  Either the location information can be added to the ASR message or the location AVP needs to be added.   
The existing specification does provide the option of including all location change event triggers and reports, but this would create an unwelcome amount of signaling data for all of the prospective UE location updates. 
The ultimate objective is to get the last cell/sector information data in the IMS CDR records in addition to the ULI reporting for session establishment.  Furthermore, it is desirable that the standards should provide the flexibility for network operators to set policy for ULI reporting for specified events.
[bookmark: _Toc360104246]Conclusion
With 3GPP Release11 work on the network based location reporting method, there are still gaps to support the needs of carriers, who want to know in real time:
· the last seen UE location (cell/sector) when a bearer or a call is released or dropped, 
· the RAN/NAS cause when a bearer or a call released or dropped, 
· the UE time zone information when a bearer or a call is released,
And Carriers may also want the valuable network performance information to be reported and included in the SGW-CDR and/or PGW-CDR and/or IMS-CDR.
The additional enhancements on S1-MME interface, S11/S4 interface, Gx and Rx interfaces proposed in this paper address those existing gaps.  If those enhancements are not implemented, the current 3GPP standards would not meet the network performance monitoring, accounting management and business relation management requirements in carriers’ networks.  Proprietary solutions are possible but defeat the purposes of the Open Architecture principle promoted by 3GPP standards.  
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