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4.6.5
Support of LIPA with HeNB

Figure 4.6.5-1 shows the logical architecture for the HeNB when it supports the LIPA function.
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Figure 4.6.5-1: E-UTRAN - HeNB operating in LIPA mode - Logical Architecture

For a LIPA PDN connection, the HeNB sets up and maintains an S5 connection to the EPC.

The S5 interface does not go via the HeNB GW, even when present.

Requirements on the secure backhaul link for the S5 interface are specified in TS 33.320 [53].

The mobility of the LIPA PDN connection is not supported in this release of the specification. The LIPA connection is always released at outgoing handover as described in TS23.401 [17]. The L-GW function in the HeNB triggers this release over the S5 interface.
In case of LIPA support, the HeNB supports the following additional functions, regardless of the presence of a HeNB GW:

-
transfer of the collocated L-GW IP address of the HeNB over S1-MME to the EPC at every idle-active transition;

-
transfer of the collocated L-GW IP address of the HeNB over S1-MME to the EPC within every Uplink NAS Transport procedure;

-
support of basic P-GW functions in the collocated L-GW function such as support of the SGi interface corresponding to LIPA;

-
additional support of first packet sending, buffering of subsequent packets, internal direct L-GW - HeNB user path management and in sequence packet delivery to the UE;

-
support of the necessary restricted set of S5 procedures corresponding to the strict support of LIPA function as specified in TS 23.401 [17];

-
notification to the EPC of the collocated L-GW uplink TEID(s) or GRE key(s) for the LIPA bearer(s) over S5 interface within the restricted set of procedures to be forwarded over S1-MME and further used by the HeNB as "correlation id" for correlation purposes between the collocated L-GW function and the HeNB;

-
in case of outgoing handover triggering the L-GW function to release the LIPA PDN connection and only handing over the non-LIPA E-RABs.

In case of LIPA support, the MME may support the following additional functions:

-
verification of UE authorization to request LIPA activation for the requested APN at this CSG and transfer of the received collocated L-GW IP address;

-
transfer of the "correlation id" i.e. collocated L-GW uplink TEID or GRE key to the HeNB within the UE context setup procedure and E-RAB setup procedure;

-
verification of whether the LIPA PDN connection has been released during the handover procedure, as specified in TS 23.401 [17];

-
deactivation of the LIPA PDN connection of an idle-mode UE if it detects that the UE has moved out of the coverage area of the HeNB collocated with L-GW function, as specified in TS 23.401 [17].

-------------------------------------8<------------------------------------------------
4.8
Support of SIPTO at the Local Network

4.8.1
General

E-UTRAN supports SIPTO at the Local Network with a collocated L-GW in the eNB or a standalone GW (with S-GW and L-GW collocated), as specified in TS 23.401 [17].
4.8.2
SIPTO at the Local Network with collocated L-GW 
Figure 4.8.2-1 shows the logical architecture for the eNB when it supports SIPTO@LN with a collocated L-GW.
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Figure 4.8.2-1: E-UTRAN - SIPTO@LN with collocated L-GW - Logical Architecture

For a SIPTO@LN PDN connection, the eNB sets up and maintains an S5 connection to the EPC.

The mobility of the SIPTO@LN PDN connection is not supported in this release of the specification. The SIPTO@LN PDN connection is released after a handover is performed, and the collocated L-GW in the source eNB triggers the release over the S5 interface, as described in TS 23.401 [17].
In case of SIPTO@LN with collocated L-GW support, the eNB supports the following additional functions:

-
transfer of the collocated L-GW IP address of the eNB over S1-MME to the EPC at every idle-active transition;

-
transfer of the collocated L-GW IP address of the eNB over S1-MME to the EPC within every Uplink NAS Transport procedure;

-
support of basic P-GW functions in the collocated L-GW such as support of the SGi interface corresponding to SIPTO@LN;

-
additional support of first packet sending, buffering of subsequent packets, internal direct L-GW-eNB user path management and in sequence packet delivery to the UE;

-
support of the necessary restricted set of S5 procedures corresponding to the support of SIPTO@LN function as specified in TS 23.401 [17];

-
notification to the EPC of the collocated L-GW uplink TEID(s) or GRE key(s) for the SIPTO@LN bearer(s) over S5 interface within the restricted set of procedures to be forwarded over S1-MME and further used by the eNB as "SIPTO correlation id" for correlation purposes between the collocated L-GW and the eNB;
-
triggering SIPTO@LN PDN connection release by the collocated L-GW after a handover is performed, as specified in TS 23.401 [17].
-    In dual connectivity, if SIPTO bearer is configured to SeNB as split bearer, the MeNB may set the uplink TEID and TNL address as Correlation ID and TNL address of the MeNB in X2AP message and transmits to the SeNB.
In case of SIPTO@LN with collocated L-GW support, the MME supports the following additional functions:

-
SIPTO@LN activation for the requested APN based on SIPTO permissions in the subscription data and received collocated L-GW IP address;

-
transfer of the "SIPTO correlation id" to the eNB via the initial context setup procedure and E-RAB setup procedure;

-
release of the SIPTO@LN PDN connection of an idle-mode UE when the UE moves away from the coverage area of the eNB, as specified in TS 23.401 [17].

4.8.3
Support for SIPTO@LN with Stand-Alone Gateway

SIPTO@LN is supported using a stand-alone gateway (with co-located S-GW and L-GW) deployed in the local network. The MME may decide to trigger S-GW relocation without UE mobility, as specified in TS 23.401 [17]. Mobility for the SIPTO@LN PDN connection is not supported in this release: the SIPTO@LN PDN connection shall be released after handover, unless the source and target eNBs are in the same LHN (i.e. they have the same LHN ID), as specified in TS 23.401 [17].

In case of SIPTO@LN support with stand-alone gateway, the eNB supports the following additional functions:

-
signalling of its LHN ID to the MME in the INITIAL UE MESSAGE, UPLINK NAS TRANSPORT, HANDOVER NOTIFY and PATH SWITCH REQUEST messages;

-
support for MME-triggered S-GW relocation without UE mobility through the E-RAB MODIFY REQUEST message.

In case of SIPTO@LN support with stand-alone gateway, the MME supports the following additional functions:

-
SIPTO@LN PDN activation for the requested APN based on subscription data and received LHN ID;

-
S-GW relocation without UE mobility.

4.9
Support for Dual Connectivity

4.9.1
General

E-UTRAN supports Dual Connectivity (DC) operation whereby a multiple Rx/Tx UE in RRC_CONNECTED is configured to utilise radio resources provided by two distinct schedulers, located in two eNBs connected via a non-ideal backhaul over the X2 interface (see  TR 36.842 [59] and TR 36.932 [60]). The overall E-UTRAN architecture as specified in section 4 and depicted in Figure 4-1 is applicable for DC as well. eNBs involved in DC for a certain UE may assume two different roles: an eNB may either act as an MeNB or as an SeNB. In DC a UE is connected to one MeNB and one SeNB.

4.9.2
Radio Protocol Architecture

In DC, the radio protocol architecture that a particular bearer uses depends on how the bearer is setup. Three bearer types exist: MCG bearer, SCG bearer and split bearer. Those three bearer types are depicted on Figure 4.9.2-1 below. RRC is located in MeNB and SRBs are always configured as MCG bearer type and therefore only use the radio resources of the MeNB.
NOTE:
DC can also be described as having at least one bearer configured to use radio resources provided by the SeNB.
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Figure 4.9.2-1: Radio Protocol Architecture for Dual Connectivity

4.9.3
Network Interfaces
4.9.3.1
E-UTRAN Control Plane for Dual Connectivity
Inter-eNB control plane signalling for DC is performed by means of X2 interface signalling. Control plane signalling towards the MME is performed by means of S1 interface signalling.

There is only one S1-MME connection per DC UE between the MeNB and the MME. Each eNB should be able to handle UEs independently, i.e. provide the PCell to some UEs while providing SCell(s) for SCG to others. Each eNB involved in DC for a certain UE controls its radio resources and is primarily responsible for allocating radio resources of its cells. Respective coordination between MeNB and SeNB is performed by means of X2 interface signalling.

Figure 4.9.3.1-1 shows C-plane connectivity of eNBs involved in DC for a certain UE: the S1-MME is terminated in MeNB and the MeNB and the SeNB are interconnected via X2-C.
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Figure 4.9.3.1-1: C-Plane connectivity of eNBs involved in Dual Connectivity

4.9.3.2
E-UTRAN User Plane for Dual Connectivity
For dual connectivity two different user plane architectures are allowed: one in which the S1-U only terminates in the MeNB and the user plane data is transferred from MeNB to SeNB using the X2-U, and a second architecture where the S1-U can terminate in the SeNB. Figure 4.9.3.2-1 shows different U-plane connectivity options of eNBs involved in DC for a certain UE.

Different bearer options can be configured with different user plane architectures. U-plane connectivity depends on the bearer option configured:

-
For MCG bearers, the S1-U connection for the corresponding bearer(s) to the S-GW is terminated in the MeNB. The SeNB is not involved in the transport of user plane data for this type of bearer(s) over the Uu.

-
For split bearers, the S1-U connection to the S-GW is terminated in the MeNB. PDCP data is transferred between the MeNB and the SeNB via X2-U. The SeNB and MeNB are involved in transmitting data of this bearer type over the Uu.

-
For SCG bearers, the SeNB is directly connected with the S-GW via S1-U. The MeNB is not involved in the transport of user plane data for this type of bearer(s) over the Uu.
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Figure 4.9.3.2-1: U-Plane connectivity of eNBs involved in Dual Connectivity

NOTE:
if only MCG and split bearers are configured, there is no S1-U termination in the SeNB.
4.9.3.x
Support of SIPTO@LN and LIPA for Dual Connectivity
This version of the specification supports SIPTO@LN and LIPA for Dual Connectivity according to the following logical architecture:

-
SIPTO@LN with co-located L-GW in the MeNB. SIPTO bearers can be configured to MeNB and/or SeNB. For SIPTO bearer in SeNB, it can be split bearer. For a SIPTO@LN PDN connection, the MeNB sets up and maintains an S5 connection to the EPC.The MeNB and the MME support the functions described in Section. 4.8.2.
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Figure 4.9.3.x-2: E-UTRAN - SIPTO@LN with collocated L-GW in MeNB for DC - Logical Architecture
-
SIPTO@LN with co-located L-GW in the SeNB. For this scenario, only the SCG bearer option is supported for the SIPTO bearer. For a SIPTO@LN PDN connection, the SeNB sets up and maintains an S5 connection to the EPC. How the SeNB signals its L-GW IP address to the MeNB is FFS. How the MeNB signals the "SIPTO correlation id" to the SeNB is FFS. 
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Figure 4.9.3.X-3: E-UTRAN - SIPTO@LN with collocated L-GW in SeNB for DC - Logical Architecture
The functions described in Section. 4.8.2 are supported with the following changes:

-
The MeNB supports the transfer of the L-GW IP address over S1-MME to the EPC at every idle-active transition (FFS whether it is needed);

-
The MeNB supports the transfer of the L-GW IP address of SeNB over S1-MME to the EPC within every Uplink NAS Transport procedure;

-
The SeNB supports basic P-GW functions in the collocated L-GW such as support of the SGi interface corresponding to SIPTO@LN;

-
Additional support by the SeNB of first packet sending, buffering of subsequent packets, internal direct L-GW-eNB user path management and in sequence packet delivery to the UE;

-
The SeNB supports the necessary restricted set of S5 procedures corresponding to the support of SIPTO@LN function as specified in TS 23.401 [17];

-
The MeNB supports the notification to the EPC of the L-GW uplink TEID(s) or GRE key(s) for the SIPTO@LN bearer(s) over S5 interface within the restricted set of procedures to be forwarded over S1-MME and further used as "SIPTO correlation id" for correlation purposes between the L-GW and the SeNB;
-    The MeNB sets the uplink TEID and TNL address as Correlation ID and TNL address of the collocated L-GW in X2AP message and transmits to the SeNB.
-
The SeNB supports triggering SIPTO@LN PDN connection release by the collocated L-GW after an SeNB change is performed.

-
LIPA: the logical architectures for LIPA correspond to the logical architectures for SIPTO@LN with co-located L-GW in the SeNB. LIPA bearers can be configured to SeNB. Only SCG bearer option can be configured as LIPA bearer. For a LIPA PDN connection, the SeNB sets up and maintains an S5 connection to the EPC.
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Figure 4.9.3.X-4: E-UTRAN - HeNB operating in LIPA mode for DC - Logical Architecture
The functions described in Section. 4.6.5 are supported with the following changes:
-    Transfer of the collocated L-GW IP address of the SeNB over X2 to the MeNB;
-
MeNB transfers the collocated L-GW IP address of the SeNB over S1-MME to the EPC at every Uplink NAS Transport procedure;

-
Notification to the EPC of the collocated L-GW uplink TEID(s) or GRE key(s) for the LIPA bearer(s) over S5 interface within the restricted set of procedures to be forwarded over S1-MME and further used by the SeNB as "correlation id" for correlation purposes between the collocated L-GW function and the SeNB;
-    The MeNB sets the uplink TEID and TNL address as Correlation ID and TNL address of the collocated L-GW in X2AP message and transmits to the SeNB.
-
Triggering the L-GW function to release the LIPA PDN connection in case of SeNB change.
-----------------------------------------------------------------8<----------------------------------------------------------------------------
19.2.2.4.5
E-RAB Modification Indication procedure
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Figure 19.2.2.4.5-1: E-RAB Modification Indication procedure

The E-RAB Modification Indication procedure is initiated by the eNB to support the modification of already established E-RAB configurations. The current version of the specification supports the modification of the transport information only. This procedure is used for DC if the SCG bearer option is applied.
If the EPC is able to apply the requested modification, the MME responds with the E-RAB MODIFICATION CONFIRM.

If the EPC is not able to modify a transport path as requested, the MME responds with the list of E-RABs failed in the E-RAB MODIFICATION CONFIRM, the MeNB either keeps the previous transport path unchanged and, if applicable, triggers to release the corresponding SCG bearers, or tears down the corresponding E-RABs.
-----------------------------------------------------------------8<----------------------------------------------------------------------------
19.2.2.6
NAS transport procedures

A NAS signalling message is transferred on the S1 interface in both directions. The procedures providing this functionality are:

-
Initial UE Message procedure (eNB initiated);

-
Uplink NAS transport procedure (eNB initiated);

-
Downlink NAS transport procedure (MME initiated);

-
Downlink NAS non delivery indication procedure.
i) Initial UE Message procedure
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Figure 19.2.2.6-1: Initial UE Message procedure

-
The INITIAL UE MESSAGE procedure is initiated by the eNB by sending the INITIAL UE MESSAGE message to the MME. The INITIAL UE MESSAGE contains a NAS message (e.g. Service Request), the UE signalling reference ID and other S1 addressing information. If the eNB is a HeNB supporting LIPA, the message shall include the HeNB collocated L-GW IP address to enable the establishment of a LIPA PDN connection. If the eNB supports SIPTO@LN with collocated L-GW, the message shall include the collocated L-GW IP address to enable the establishment of a SIPTO@LN PDN connection. If the eNB supports SIPTO@LN with stand-alone gateway, the message shall include the LHN ID. In case of UE access to a CSG cell the INITIAL UE MESSAGE contains the CSG id of the cell. In case of UE access to a hybrid cell the INITIAL UE MESSAGE contains the CSG id and Access Mode of the cell.
-    In dual connectivity, if the MeNB supports SIPTO@LN with collocated L-GW, the message shall include the collocated L-GW IP address to enable the establishment of a SIPTO@LN PDN connection.
ii) NAS Transport procedure (eNB initiated)
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Figure 19.2.2.6-2: Uplink NAS Transport procedure

-
The Uplink NAS Transport procedure is initiated by the eNB by sending the UPLINK NAS TRANSPORT message to the MME. The UPLINK NAS TRANSPORT message contains a NAS message, UE identification and other S1 related addressing information. If the eNB is a HeNB supporting LIPA, the message shall include the HeNB collocated L-GW IP address to enable the establishment of a LIPA PDN connection. If the eNB supports SIPTO@LN with collocated L-GW, the message shall include the collocated L-GW IP address to enable the establishment of a SIPTO@LN PDN connection. If the eNB supports SIPTO@LN with stand-alone gateway, the message shall include the LHN ID.
-    In dual connectivity, if the SeNB supports SIPTO@LN with collocated L-GW, the message shall include the collocated L-GW IP address of SeNB to enable the establishment of a SIPTO@LN PDN connection. If the SeNB supports LIPA@LN with collocated L-GW, the message shall include the collocated L-GW IP address of SeNB to enable the establishment of a LIPA@LN PDN connection. If the MeNB supports SIPTO@LN with collocated L-GW, the message shall include the collocated L-GW IP address to enable the establishment of a SIPTO@LN PDN connection.
-------------------------------------------------------------8<--------------------------------------------------------------------------------
20.2.2.2a
SeNB Addition Preparation procedure

The SeNB Addition Preparation procedure is initiated by the MeNB to request the SeNB to allocate resources for DC operation for a specific UE.
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Figure 20.2.2.2a-1: SeNB Addition Preparation procedure

The MeNB sends an SENB ADDITION REQUEST message to the SeNB including the bearers for which DC shall be configured.

In case resource allocation at the SeNB has been performed successfully, the SeNB responds with an SENB ADDITION REQUEST ACKNOWLEDGE message, which includes radio interface related information, successfully established and failed to be established bearers for DC, and if supported, including the collocated L-GW IP address of SeNB for SIPTO/LIPA@LN .
In case the SeNB addition is not successful (e.g. no resources are available on the SeNB side) the SeNB responds with the SENB ADDITION REJECT message instead.
20.2.2.2b
SeNB Reconfiguration Completion procedure

The SeNB Reconfiguration Complete procedure is initiated by the MeNB to indicate to the SeNB that the UE has been successfully configured with the requested SeNB radio configuration.
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Figure 20.2.2.2b-1: SeNB Reconfiguration Completion procedure

The same procedure is also used by the MeNB to indicate that the MeNB finally decided to not request the UE to apply the radio configuration requested by the SeNB.

The SeNB Reconfiguration Completion procedure is used in the course of an SeNB Addition and in the course of an MeNB initiated SeNB Modification if the MeNB initiated SeNB Modification requires signalling towards the UE.
20.2.2.2c
MeNB initiated SeNB Modification Preparation procedure

The MeNB initiated SeNB Modification Preparation procedure is initiated by the MeNB to request the SeNB to modify resources allocated for a specific UE at the SeNB.

[image: image14.emf]MeNB SeNB

X2-AP: SENB MODIFICATION REQUEST

X2-AP: SENB MODIFICATION REQUEST ACKNOWLEDGE

X2-AP: SENB MODIFICATION REQUEST REJECT


Figure 20.2.2.2c-1: MeNB initiated SeNB Modification Preparation procedure

The MeNB initiated SeNB Modification does not necessarily result in communication towards the UE.

In case resource modification at the SeNB has been performed successfully, the SeNB responds with an SENB MODICATION REQUEST ACKNOWLEDGE message.
In case the SeNB modification is not successful (e.g. no resources are available on the SeNB side), the SeNB responds with the SENB MODIFICATION REQUEST REJECT message instead.
�ZTE: It depends on which solution we selected: UE associated solution or non-UE associated solution. Only for non-UE associated solution, this sentence is workable.
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