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1 
Introduction
In this contribution, LTE-WLAN aggregation and interworking WI status is overviewed. This is based on the latest agreement [1] in RAN2.
2 LTE-WLAN Aggregation
2.1 General

E-UTRAN supports LTE/WLAN aggregation (LWA) operation whereby a UE in RRC_CONNECTED is configured by the eNB to utilize radio resources of LTE and WLAN. The eNB supporting LWA is connected to WLAN via an ideal/internal backhaul in the collocated deployment scenario or a non-ideal backhaul in the non-collocated deployment scenario.

UE has separate capability bits to indicate the support for interworking and aggregation features. Also, UE indicates the supported WLAN bands in the capability signaling for interworking and aggregation.

The overall architecture for the LWA non-collocated scenario and LWI is illustrated in the figure below. The WLAN Termination (WT) terminates the Xw interface.
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Figure 1: Overall E-UTRAN Architecture with deployed WT.
2.2
Radio Protocol Architecture

In LWA, downlink PDCP PDUs are generated by the eNB PDCP entity and transferred to the UE via LTE RLC/MAC and/or WLAN, as depicted in Figure 2-1 for the collocated deployment scenario and in Figure 2-2 for the non-collocated deployment scenario below.
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Figure 2-1: LWA Radio Protocol Architecture for the Collocated Scenario

[image: image3.emf]eNB

PDCP

RLC

WT

PDCP

S1

Xw

RLC

MAC

PDCP

Switched

 Bearer

Split

 Bearer

MCG

 Bearer

DRB ID Addition

DRB ID Addition


Figure 2-2: LWA Radio Protocol Architecture for the Non-Collocated Scenario
In LWA, the UE may be configured with multiple bearers utilizing WLAN. 

For LWA the eNB inserts a DRB identity to the LWA PDU. The DRB identity is used by the receiver to differentiate PDCP PDUs which belong to different bearers and to detect which PDCP PDUs belong to which bearer.

LWA adaptation layer details and location (eNB or WT) are FFS. LWA supports split bearer operation on downlink in which a bearer is configured to use both eNB and WLAN resources. For split bearer operation, PDCP sublayer supports in-sequence delivery of upper layer PDUs based on Dual Connectivity reordering procedure. LWA supports transmission of uplink PDCP PDUs on LTE. Concurrent operation of Dual Connectivity (DC) and LTE/WLAN aggregation for the same UE is a second priority. Aggregation supports uplink transmissions on LTE. Other modes of operation for uplink will be discussed as a second priority
2.3
Network Interfaces

In the non-collocated scenario, the eNB is connected to one or more “WLAN Termination” (WT) logical nodes via a Xw interface. In the collocated scenario the interface the eNB and the WLAN is up to implementation. For LWA, the only required interfaces to the Core Network are S1-U and S1-MME which are terminated at the eNB. No Core Network interface is required for the WLAN. WT is a logical node and 3GPP does not specify where it is implemented. Authentication of the UE with WLAN is FFS.

2.3.1
User Plane
The Xw user plane interface (Xw-U) is defined between eNB and WT. The Xw-U interface provides non guaranteed delivery of user plane PDUs. The transport layer for data over Xw-U is built on IP transport and GTP-U over UDP over IP is used to transport the data streams. The Xw-U interface supports the flow control function based on feedback from WT. It is FFS whether the feedback can be alternatively provided by the UE.
The Flow Control function is applied when an E-RAB is configured to use WLAN and only for DL i.e. the flow control information is provided by the WT to the eNB for the eNB to control the downlink user data flow to the WT and to avoid that more than half the PDCP sequence number space is brought in flight.

Xw-U interface is used to deliver LWA PDUs between eNB and WT. DL LWA PDUs contain LWA header with DRB Identity and payload of PDCP PDU.

For LWA, the S1-U terminates in the eNB and, if Xw-U user data bearers are associated with E-RABs for which the LWA bearer option is configured, the user plane data is transferred from eNB to WT using the Xw-U interface. 
Only the LWA bearer option can be configured for LWA. 
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Figure 3: U-Plane connectivity of eNB and WT for LWA

2.3.2
Control Plane
The Xw control plane interface (Xw-C) is defined between eNB and WT. The application layer signaling protocol is referred to as Xw-AP (Xw Application Protocol). 

The Xw-AP protocol supports the following functions:

-
Transfer of WLAN metrics (e.g. bss load) from WT to eNB

eNB-WT control plane signalling for LWA is performed by means of Xw-C interface signalling. 

There is only one S1-MME connection per LWA UE between the eNB and the MME. Respective coordination between eNB and WT is performed by means of Xw interface signalling.

Figure 4 shows C-plane connectivity of eNB and WT involved in LWA for a certain UE: the S1-MME is terminated in eNB; the eNB and the WT are interconnected via Xw-C.
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Figure 4: C-Plane connectivity of eNB and WT for LWA.
2.4
Mobility

A WLAN mobility set is a set of one or more BSSID/HESSID/SSIDs, within which WLAN mobility mechanisms apply while the UE is configured with bearers using WLAN for LWA, i.e., the UE may perform mobility between WLAN APs belonging to the mobility set without informing the eNB.
The eNB provides the UE one WLAN mobility set. UE mobility to WLAN APs not belonging to the UE mobility set is controlled by the eNB e.g. based on measurement reports provided by the UE. A UE is connected to at most one mobility set at a time.

All APs belonging to a mobility set share a common WT as termination point for Xw-C and Xw-U. The WLAN identifiers belonging to a mobility set may be a subset of all WLAN identifiers associated to the WT. 
2.5
WLAN Measurements

The UE supporting LWA may be configured by the E-UTRAN to perform WLAN measurements. As a baseline, the following WLAN metrics are used: WLAN channel utilization (BSS load), WLAN backhaul data rates, WLAN signal strength (Beacon RSSI).

2.6
LTE/WLAN Aggregation Operation

2.6.1
WT Addition

The WT Addition procedure is initiated by the eNB and is used to establish a UE context at the WT in order to provide WLAN resources to the UE. Figure 5 shows the WT Addition procedure.

[image: image6.emf]UE eNB WT

7. WT Addition Request

8. WT Addition Request Acknowledge

5: WLAN information acquisition

1. 

UECapabilityEnquiry

2. 

UECapabilityInformation

3. 

RRCConnectionReconfiguration

4. 

RRCConnectionReconfigurationComplete

6. 

MeasurementReport

9. 

RRCConnectionReconfiguration

10. 

RRCConnectionReconfigurationComplete

11. WLAN association

12. WT Association Confirmation


Figure 5: WT Addition procedure
1. The eNB requests the transfer of UE radio access capabilities for LWA.

2. The UE reports LWA capability, including supported WLAN bands.

It is noted that Step 1 and 2 may not be repeated for every WT Addition if eNB and UE have performed 

these before. These steps should be captured in different section.

3. The eNB configures the UE WLAN measurements.
4. The UE applies the measurement configuration and replies with  RRCConnectionReconfigurationComplete message.

5. The UE acquires WLAN information based on measurement configuration received in step 3. Details of WLAN iformation acsuisition are FFS.

6. The UE sends measurement report to the eNB.

7. The eNB decides to request the WT to allocate WLAN resources for specific E-RABs.

8. If the WT is able to admit the full or partial WLAN resource request, it responds with WT Request Acknowledge.

9. The eNB sends the RRCConnectionReconfiguration message to the UE including the new radio resource configuration.

10. The UE applies the new configuration and replies with RRCConnectionReconfigurationComplete message.
11. The UE performs WLAN Association.

12. The WT sends the WT Association Confirmation message.

3 RAN Controlled LTE-WLAN Interworking

3.1 General

E-UTRAN supports E-UTRAN controlled bi-directional traffic steering between E-UTRAN and WLAN for UEs in RRC_CONNECTED. E-UTRAN may send a steering command to the UE and the upper layers in the UE shall be notified upon reception of such a command. Higher layers determine which traffic is offloadable to WLAN.

UE has separate capability bits to indicate the support for interworking and aggregation features. Also, UE indicates the supported WLAN bands in the capability signalling for interworking and aggregation.

The overall E-UTRAN architecture for supporting LWI is shown in Figure 1 in Section 2.

3.2 Network Interfaces

The control plane for LWI is described in subclause 2.3.2.
3.3 Mobility

A WLAN mobility set is a set of one or more BSSID/HESSID/SSIDs, within which WLAN mobility mechanisms apply while the UE has moved offloadable PDN connections to WLAN according to a steering command, i.e. the UE may perform mobility between WLAN APs belonging to the mobility set without informing the eNB.
3.4
WLAN Measurements

The UE supporting RAN Controlled WLAN Interworking supports WLAN measurements as defined in sub-clause 2.5.
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5 Appendix: Definitions
Hybrid cell: a cell broadcasting a CSG indicator set to false and a specific CSG identity. This cell is accessible as a CSG cell by UEs which are members of the CSG and as a normal cell by all other UEs.

Local Home Network: as defined in TS 23.401 [17].
LWA bearer: in LTE-WLAN Aggregation, a bearer whose radio protocols are located in both the eNB and the WLAN to use both eNB and WLAN resources.

Master Cell Group: in dual connectivity, a group of serving cells associated with the MeNB, comprising of the PCell and optionally one or more SCells.
Master eNB: in dual connectivity, the eNB which terminates at least S1-MME.
Timing Advance Group: a group of serving cells that is configured by RRC and that, for the cells with an UL configured, use the same timing reference cell and the same Timing Advance value.
WLAN Termination: logical node that terminates the Xw interface.

_1503428262.vsd

eNB


PDCP


RLC


PDCP


S1


RLC


MAC


Logical Link Control


DRB ID Addition


PDCP


MCG Bearer


Split
 Bearer


Switched
 Bearer


WLAN MAC



_1503428284.vsd

eNB


PDCP


RLC


WT


PDCP


S1


Xw


RLC


MAC


PDCP


Switched
 Bearer


Split
 Bearer


MCG
 Bearer


DRB ID Addition


DRB ID Addition



_1501074812.vsd
WT



_1502163376.vsd
WT



_1502864675.vsd
UE


eNB


WT


7. WT Addition Request


8. WT Addition Request Acknowledge


5: WLAN information acquisition


1. UECapabilityEnquiry


2. UECapabilityInformation


3. RRCConnectionReconfiguration


4. RRCConnectionReconfigurationComplete


6. MeasurementReport


9. RRCConnectionReconfiguration


10. RRCConnectionReconfigurationComplete


11. WLAN association


12. WT Association Confirmation



_1500211122.vsd

