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	*********First change**********


3.1
Definitions

SKIP UNCHANGED TEXT
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.

Editor's note
It is FFS if other types of bearers are to be defined.
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.
SKIP UNCHANGED TEXT
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.

Editor's note
Endpoint in the WLAN domain is FFS.
SKIP UNCHANGED TEXT
3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 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 TR 21.905 [1].

SKIP UNCHANGED TEXT
U-plane
User plane

UTRA
Universal Terrestrial Radio Access

UTRAN
Universal Terrestrial Radio Access Network

UpPTS
Uplink Pilot Time Slot
VRB
Virtual Resource Block

WLAN
Wireless Local Area Network
WT
WLAN Termination
X2 GW
X2 GateWay

X2-C
X2-Control plane

X2-U
X2-User plane
Xw-C
Xw-Control plane

Xw-U
Xw-User plane

	*********Next change**********


XX
LTE/WLAN Aggregation and RAN Controlled WLAN Interworking 

XX.1
LTE/WLAN Aggregation 

XX.1.1
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 signalling for interworking and aggregation.

Editor's note
The paragraph above shall be removed once UE capabilities are defined.
The overall architecture for the LWA non-collocated scenario and LWI is illustrated in Figure xx.1.1-1- below. The WLAN Termination (WT) terminates the Xw interface.

Editor’s note: The terms “LWA”, “LWI” are to be defined/confirmed by RAN2.
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Figure xx.1.1-1: Overall E-UTRAN Architecture.
XX.1.2
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 xx.1.2-2 for the collocated deployment scenario and in Figure xx.1.1-3 for the non-collocated deployment scenario below.
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Figure XX.1.2-1: LWA Radio Protocol Architecture for the Collocated Scenario
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Figure XX.1.2-2: 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.

Editor's note
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.

Editor's note
Concurrent operation of Dual Connectivity (DC) and LTE/WLAN aggregation for the same UE is a second priority.

Editor's note
Aggregation supports uplink transmissions on LTE. Other modes of operation for uplink will be discussed as a second priority
XX.1.3
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.
NOTE: WT is a logical node and 3GPP does not specify where it is implemented.

Editor's note
Authentication of the UE with WLAN is FFS.

NOTE: LTE/WLAN aggregation support at a WLAN does not preclude the implementation of legacy WLAN interworking (e.g. S2a, S2b or NSWO) in the same WLAN.



XX.1.3.1
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. 

Editor's note
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.

Editor's note
LWA header definition and naming is FFS.
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 xx.1.3.1-1: U-Plane connectivity of eNB and WT for LWA
XX.1.3.2
Control Plane
The Xw control plane interface (Xw-C) is defined between eNB and WT. The application layer signalling 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.x.3.1-1 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.x.3.1-1: C-Plane connectivity of eNB and WT for LWA.
XX.1.4
Mobility

A WLAN mobility set is a set of one or more WLAN APs identified by 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 a 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.
Editor's note
The above paragraph shall be moved to RAN3-controlled section.
Editor's note
It is FFS how the WLAN identifiers are provided to the UEs.
XX.1.5
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).

Editor's note
This does not preclude direct provisioning of some metrics from WLAN to the eNB via Xw. 
UE is configured with measurements for WLAN using IEEE terminology [xx] (e.g. 'Country', 'Operating Class', and/or 'Channel Number').

Editor's note
It is FFS how the IDs are provided to the UEs.
XX.1.6
LTE/WLAN Aggregation Operation

XX.1.6.1
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 XX.1.5.1-1 shows the WT Addition procedure.
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Figure XX.1.5.1-1: WT Addition procedure


Editor's note
The figure above is endorsed as a baseline and will be revised. Status indication message (including association confirmation) from UE to eNB if FFS
1. The eNB requests the transfer of UE radio access capabilities for LWA.

2. The UE reports LWA capability, including supported WLAN bands.
Editor's note
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.
Editor's note
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.


XX.2
RAN Controlled WLAN Interworking

XX.2.1
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.

Editor's note
The paragraph above shall be removed once UE capabilities are defined.
Editor's note
Traffic steering command format and content is FFS.

The overall E-UTRAN architecture for supporting LWI is shown in Figure xx.1.1-1. The Xw interface may or may not be present for this functionality.
XX.2.2
Network Interfaces

XX.2.2.1
Control Plane

The control plane for LWI is described in subclause xx.1.3.2.
XX.2.3
Mobility


Editor’s note
We should consider referring section XX.1.4 instead of replicating the text.
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.

Editor's note
It is FFS how the IDs are provided to the UEs
XX.2.4
WLAN Measurements

The UE supporting RAN Controlled WLAN Interworking supports WLAN measurements as defined in sub-clause XX.1.5.
	*********Next change**********


Y
Xw Interface

Y.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 user plane protocol stack on the Xw interface is shown in Figure Y.1-1. The transport network layer is built on IP transport and GTP-U is used on top of UDP/IP to carry the user plane PDUs.
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Figure Y.1-1: Xw Interface User Plane
Y.2
Control Plane

Editor’s note: The current working assumption is that SCTP is used as transport layer protocol.

The Xw control plane interface (Xw-C) is defined between an eNB and a WT. The control plane protocol stack of the Xw interface is shown on Figure Y.2-1 below. The transport network layer is built on SCTP on top of IP. The application layer signalling protocol is referred to as Xw-AP (Xw Application Protocol).
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Figure Y.2-1: Xw Interface Control Plane

Y.2.1
Xw-CP Functions

Y.2.2
Xw-CP Procedures
The elementary procedures supported by the XWAP protocol are listed in TS 36.xxx [xx].

Y.2.2.1
WT Addition Preparation procedure

The WT Addition Preparation procedure is initiated by the eNB to request the WT to establish [LWA bearer(s)] for a specific UE.
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Figure Y.2.2.1-1: WT Addition Preparation procedure

The eNB sends a WT ADDITION REQUEST message to WT including the [LWA bearer(s)] for the specific UE.

In case one or more GTP tunnel(s) at the WT has been established successfully, the WT responds with a WT ADDITION REQUEST ACKNOWLEDGE message, which includes successfully established and bearers that failed to be established for [LWA].
In case WT addition is not successful, the WT responds with WT ADDITION REQUEST REJECT message instead.
Y.2.2.2
WT Association Confirmation procedure

The WT Association Confirmation procedure is initiated by WT to give confirmation to the eNB about the association establishment between a specific UE and the WLAN.
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Figure Y.2.2.2-1: WT Association Confirmation procedure

Y.2.2.3 eNB initiated WT Modification Preparation procedure

The eNB initiated WT Modification Preparation procedure is initiated by the eNB to request the WT to modify [LWA bearer(s)] for a specific UE at the WT.
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Figure Y.2.2.3-1: eNB initiated WT Modification Preparation procedure

In case resource modification at the WT has been performed successfully, the WT responds with a WT MODIFICATION REQUEST ACKNOWLEDGE message.

In case the WT modification is not successful the WT responds with a WT MODIFICATION REQUEST REJECT message instead.

Y.2.2.4 WT initiated WT Modification procedure
The WT initiated WT Modification Preparation procedure is initiated by the WT to request the eNB to remove [LWA bearers] for a specific UE.
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Figure Y.2.2.4-1: WT initiated WT Modification procedure

If the eNB decides to follow the WT request, it replies with a WT MODIFICATION CONFIRM message.

Y.2.2.5 eNB initiated WT Release procedure

The eNB initiated WT Release procedure is triggered by the eNB to initiate the release of the resources for a specific UE at the WT.


[image: image15.emf] 

WT  

eNB  

X w - AP:  WT RELEASE REQUEST  


Figure Y.2.2.5-1: eNB initiated WT Release procedure

Y.2.2.6 WT initiated WT Release procedure

The WT initiated WT Release procedure is triggered by the WT to initiate the release of the resources for a specific UE at the WT.
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Figure Y.2.2.6-1: WT initiated WT Release procedure

Y.2.2.7 WT Status Reporting Initiation

The WT Status Reporting Initiation procedure is used by the eNB to request measurements from the WT.
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Figure Y.2.2.7-1: WT Status Reporting Initiation procedure

Y.2.2.8 WT Status Reporting

The WT Status Reporting procedure reports measurement results requested by eNB.


[image: image18.emf] 

WT  

eNB  

X w - AP:  WT  STATUS REPORT  


Figure Y.2.2.8-1: WT Status Reporting procedure

Y.2.2.9 Xw Setup procedure

The purpose of the Xw Setup procedure is to exchange application level data needed for eNB and WT to interoperate correctly over the Xw interface. The Xw Setup procedure is triggered by the eNB. The Xw Setup procedure is the first XWAP procedure which will be executed.
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Figure Y.2.2.9-1: Xw Setup procedure

Y.2.2.10 WT Configuration Update procedure

The purpose of the WT Configuration Update procedure is initiated by WT to update application level configuration data needed for the WT to interoperate correctly over the Xw interface.
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Figure Y.2.2.10-1: WT Configuration Update procedure

Y.2.2.11 Error Indication procedure

The Error Indication procedure is initiated by the eNB or the WT, to report an error situation in a received message, provided it cannot be reported by an appropriate failure message.

Y.2.2.11.1
 WT initiated error indication
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Figure Y.2.2.11.1-1: Error Indication procedure initiated by WT

The WT sends the ERROR INDICATION message to report the eNB which kind of error occurs. 

Y.2.2.11.2 
eNB initiated error indication
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Figure Y.2.2.11.2-1: Error Indication procedure initiated by eNB

The eNB sends the ERROR INDICATION message to report the WT which kind of error occurs. 

Y.2.2.12 Reset procedure

The Reset procedure is initiated by the eNB/WT to align the resources with the WT/eNB in the event of an abnormal failure. The procedure resets the whole Xw interface.
Y.2.2.12.1
 WT initiated reset
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Figure Y.2.2.12.1-1: Reset procedure initiated by WT

The WT triggers the RESET message to indicate that an initialisation in the eNB is required. The eNB releases the corresponding references and resources.

Afterwards the eNB sends the RESET RESPONSE message to confirm that the resources and references are cleared.

Y.2.2.12.2
 eNB initiated reset
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Figure Y.2.2.12.2-1: Reset procedure initiated by eNB

The eNB triggers the RESET message to indicate that an initialisation in the WT is required. The WT releases the corresponding references and resources.

Afterwards the WT sends the RESET RESPONSE message to confirm that the resources and references are cleared.
	*********Next change**********


Annex YY (informative):
LTE-WLAN Radio Level Integration and Interworking Enhancement Agreements

This Annex contains the RAN2 agreements on LTE/WLAN aggregation and interworking enhancement. The agreements are provided verbatim for reference.This annex shall be removed once the WI is completed.

YY.1
RAN2#89-bis

	Agreements

… for WLAN+LTE Aggregation…
1
In LTE/WLAN aggregation downlink, PDCP PDUs are generated by the eNB PDCP entity and transferred to the UE PDCP entity via LTE RLC/MAC and/or the WLAN (adaptation layer, tunnelling and interface between eNB, WLAN function and UE is FFS).

3
For LTE/WLAN aggregation the only CN interface is S1, terminated at the eNB. 
3a
This does not preclude the implementation of “legacy” WLAN interworking (e.g. S2a, S2b or NSWO) in the same WLAN.
5
The “WLAN logical node” (WLN) is connected to the eNB. Beyond this no other CN interfaces are specified or required for aggregation. 
(FFS: Authentication of the UE with WLAN (via the eNB or directly to the CN)

6
We define a logical “WLAN logical node” (WLN) in the scope of this WI and don’t specify in any further detail where the functionality specified for this WLN should/will be implemented (up to implementation). 

FFS whether we need to distinguish e.g. UP and CP WLN

7a
For a 3C architecture flow control is necessary for the eNB to determine the amount of data to route towards the WLN. (FFS whether flow control runs between WLN and eNB or whether the feedback could e.g. be provided by the UE.)

7b
For a 2C architecture at least feedback is needed for the eNB to avoid that more than half the PDCP sequence number space is brought in flight. (FFS whether this is provided by a flow control mechanism from the WLN or by the UE)

9
LTE/WLAN Aggregation should support multiple bearer transmission per UE via WLAN. A mechanism without WLAN MAC specification impact will be used in order for the receiver to differentiate PDCP PDUs which belong to different bearers. 

12
Concurrent operation of DC and LTE/WLAN aggregation for the same UE can be considered as a second priority.
13
Aggregation will support uplink transmissions on LTE. Other modes of operation for uplink will be discussed as a second priority.



Editor’s note
from RAN2#90 the term “WT” is used instead of “WLN”.
	Agreements
For aggregation and interworking enhancements

1
We extend the RRM measurement framework by adding WLAN measurement reporting. 

2
As baseline the measurement metrics defined in Rel-12 for RAN rules are supported for reporting
(This does not preclude direct provisioning of measurements from WLAN to eNB)

3
The eNB may configure measurement objects for WLAN measurements. 

4
For interworking enhancements the eNB may send a steering command to the UE (actual format and content is FFS)

5
RAN2 considers the interface for directly providing metrics such as BSS load from WLAN to eNB as beneficial (for the deployments where an interface is feasible) and suggests RAN3 to specify it as described in the WID. 




YY.2
RAN2#90

	Agreements
For WLAN Aggregation…

2
The eNB provides the UE with a group of APs (e.g. by SSID, HESSID or BSSID) among which WLAN mobility mechanisms apply while still supporting aggregation, i.e., the UE may perform mobility transparent to the eNB

3
UE mobility across such groups of APs is controlled by the eNB e.g. based on measurement reports provided by the UE. 




	Agreements
1
We define a DC-like UP interface (GTP-U) between the eNB and the WT 

2
LTE-WLAN aggregation, flow control runs between WT and eNB. 

4
For 3C-mode LTE-WLAN aggregation, the Rel-12 PDCP reordering behaviour is adopted



	Agreements
For interworking

1
As in Rel-12 higher layers determine which traffic is offloadable.
2a
The eNB provides the UE with a group of APs (e.g. by SSID, HESSID or BSSID) among which WLAN mobility mechanisms apply while still supporting interworking, i.e., the UE may perform mobility transparent to the eNB

FFS how the IDs are provided to the UE.

2b
UE mobility across such groups of APs is controlled by the eNB e.g. based on measurement reports provided by the UE.





	=>
We will send an LS to SA3 indicating that we discussed an eNB-assisted PSK authentication which is intended to allow authentication between UE and WLAN without CN interaction. Refer to DC SeNB security with SeNB. Indicate that we also intend to support aggregation with existing 802



YY.3
RAN2#91

	Agreements
R2-153663
WLAN aggregation, Review of differences to DC; Samsung; discussion; 

Figure 1:

=>
Change AP/SeNB to WT

=>
Clarify that WeNB addition is initiated by the eNB

=>
Add confirmation messages after step 8 from the WT to the eNB

=>
Remove steps 9 and 10. 

=>
Figure is agreed as baseline and should be refined further during this week

=>
Coexistence issues such as relation to user preferences and ANDSF is to be discussed by SA2

=>
Status indication message (including association confirmation) from UE to eNB if FFS

	Agreements
0
A mobility-set is a set of one or more BSSID/HESSID/SSIDs. Mobility across the APs belonging to a mobility set is transparent to E-UTRAN, i.e., the UE does not inform the eNB about such intra-mobility-set mobility. 

1
All APs belonging to a mobility set share a common WT as termination point for CP and UP. 

2
There may be multiple mobility sets within a WT

3
A UE is connected with at most one mobility set at any point in time. 




	Agreements 
1
The bearer ID is added by the eNB

2
The bearer ID is placed into a separate header



	Agreements
1
To have separate capability bits for interworking and aggregation.

2
The UE indicates the supported WLAN bands in the capability signalling for interworking and aggregation.

3
UE is configured with measurements for WLAN using the WLAN numerologies (e.g. 'Country', 'Operating Class', and/or 'Channel Number') (same principle as for CDMA2000).
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