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1. Introduction/Background

Recent growth in data traffic driven by smart phone devices, tablets, etc. has continued to strain the capacity of today’s networks.  Network operators are increasingly utilizing un-licensed WiFi spectrum to cope with this increased network congestion. This trend is expected to accelerate further as traffic demand continues to grow. For example, recent projections by Cisco suggest greater than 20x growth in mobile internet traffic, from 2010-2015, [1]. We expect that network operators will continue to rely on the judicious use of unlicensed spectrum as a cost-effective means to add the needed capacity, given the limited availability and expense of licensed spectrum. However, the operators will also seek to ensure that the overall user experience is not degraded when capacity is added over unlicensed spectrum.  

In current WiFi offload solutions,  WLAN (Wireless local Area Network) is integrated as a separate access network within the 3GPP core network. The offload solutions are UE based and support selective switching of flows based on operator/user policies.  These solutions  require  operation and maintenance of separate WLAN radio access networks resulting in greater operational and capital expenditure. User authentication  on the WLAN access network is also needed, thus requiring the 3GPP core network entities such as AAA, PCRF, PDN-GW etc. to be aware of the WLAN access network resulting in changes to 3GPP core entities and increased operational maintenance. Current solutions may also have some performance limitations due to relatively longer flow switching latencies resulting from semi-static network policies, which may not fully account for real time changes in network load and channel environments and impacts to other UE’s. Therefore, there is a need to investigate alternative solutions that reuse and minimize impact to 3GPP core network elements, but do not affect the WLAN air-interface and access networks. Additionally,  tighter integration and aggregation of 3GPP based Wide Area Wireless Network (WWAN) components (such as eNB) with WLAN  is also desirable as it can potentially enhance the overall user experience without degrading QoS, mobility, security and power efficiency, when capacity is expanded to unlicensed spectrum.  

One should also try to achieve such optimized capacity extension without duplicating any functionality already provided by 3GPP core and access network. Changes to WLAN access network need to be minimized as well with preferably no changes to WLAN air-interface.  

This discussion paper proposes a  RAN level approach of adding capacity with un-licensed spectrum that relies on the availability of multi-mode radio infrastructure elements, for example a base station with both WLAN (WiFi) and WWAN (LTE) capabilities.  Such infrastructure is increasingly feasible with emerging heterogeneous network architectures, comprising layers of small cells overlaid on a macro-cell coverage area to offload traffic, where the WLAN and WWAN footprints overlap significantly. 
It should also be noted that analysts expect that multi-mode capability on small-cell infrastructure devices will continue to grow, given the extremely low cost of adding WiFi interface to a device [2].  Availability of multi-mode infrastructure enables tighter coordination between the WWAN and WLAN interfaces to better manage the WLAN offload experience, without significant changes in other parts of the operator’s network.  On the device side given that most 4G devices have both LTE and WiFi capabilities, such coupling may be enabled with simple software upgrades with no change in hardware and lower layer implementations.  

Such RAN level approach can leverage and extend the existing carrier aggregation concepts defined for 3GPP LTE systems to enable tighter coupling between the WWAN and WLAN systems.  Release10 of 3GPP LTE systems supports bandwidth aggregation across multiple carriers or cells to provide wideband user experience using potentially fragmented spectrum.  However, these capabilities are defined assuming all cells/carriers are operating using the same technology in the licensed spectrum over wide area networks.   So the proposed study may involve extending the same design principles already defined for carrier aggregation to support aggregation/coordination of cells/carriers across Wide and Local Area Networks as well. In particular, WiFi radios in the WLAN spectrum can simply be treated as a “virtual” or “extension” carrier for seamless inclusion in the 3GPP operator’s access network by extending the carrier aggregation concept already defined in Release 10 of 3GPP-LTE.  Figure 1 illustrates the scenerio, where the WWAN technology is used as Primary Access providing mobility, security and state management for user terminals while WLAN technology is opportunistically used as Secondary Access to provide additional data plane transport. 
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Figure 1: WWAN-WLAN Coordination for data flow aggregation with multimode Base Station and Multimode Mobile Station 

The proposed study here is presented for integration of LTE as WWAN and WiFi/WLAN but it can also be applied for integration of WiFi/WLAN with 3GPP HSPA system. Integration with 3GPP HSPA, however may also involve some changes in RNC in addition to NB, unless we limit the use cases for HNB environment.
This paper is organized as follows. Section 2 reviews existing WLAN offload solutions being standardized within 3GPP and other Industry forums.  Details on target deployment scenarios and use cases are covered in Section 3 and  Section 4 highlights some of the key benefits of RAN level approach. 

2. Summary of Current WLAN Offload Solutions
The following summarizes some of the existing initiatives and solutions, on WLAN Interworking and Offload in 3GPP specifications.
1. I-WLAN [4]:  This work was initiated in Rel-6 and Rel-7 and provided support for access to 3GPP systems using WLAN through a WLAN Access Gateway (WAG). It only provided basic access to 3GPP systems with support for common AAA, billing and charging functions. 

2. Roaming and Seamless mobility based on WLAN as an untrusted access using PMIP/GTP (S2b): Please (See [5]). This architecture provided support for integrating WLAN as an untrusted access to 3GPP Enhanced Packet Core (EPC) and provided support for roaming and seamless mobility. WLAN as an untrusted access was connected to ePDG using SWn interface and to PDN-GW using the S2b interface. Both PMIPv6 and GTP based mobility is supported over the S2b interface.

3. IP Flow Mobility based on DSMIPv6 [6,7]: This enables seamless IP flow mobility with IP flows belonging to same or different applications being moved seamlessly between 3GPP access and WLAN. The solution is based on DSMIPv6 and provides session continuity for selected IP flows. The flows can be routed based on operator policies.

4. Hotspot 2.0 Task Group in WiFi Alliance: This particular task group in WFA is trying to enable non-seamless offload of traffic to 3GPP systems from WLAN. The focus is on common credentials (SIM or X509v3 based certificates) and authentication methods (EAP based). The WFA will roll out mechanisms for enhanced Network discovery and selection based on IEEE 802.11u for ease of connectivity along with mechanisms for provisioning of policies for offloading and credentials based on OMA-DM and SOAP-XML. Both 3GPP Service providers (such as AT&T, Orange, T-Mobile, China Mobile, etc.) and Fixed mobile providers (such as BT and Comcast) have plans to deploy a large number of hot spots to enable offload of data traffic to WLAN.

5. New Study/Work Items in 3GPP (SaMOG): 3GPP has initiated a new study and work item in Rel-11 to integrate WLAN as a trusted access to 3GPP EPC using the S2a interface and thereby eliminate the need for ePDG and additional tunneling and encryption overheads. The S2a interface can support both PMIPv6 and GTP protocols for seamless mobility and session continuity.
We note that while the above approaches provide increased capabilities for utilizing WLAN spectrum, they still require the operator to maintain a separate access and backend core network for WLAN. 

3. Deployment Scenarios and Use cases 

The proposed approach relies on the availability of different multi-mode radio infrastructure elements. To address requirements for various deployment models involving integration of 3GPP-LTE and WiFi radio nodes based on power levels and coverage range for each of these radio technologies, the following radio configurations and deployment models can be addressed. See Figure 2. 
a) A small 3GPP Pico/Femto Cell  co-located and integrated with WiFi Radio Node

b) A 3GPP Relay Node co-located and integrated with WiFi Radio Node. Relay Node uses limited radio resources, beside backhaul, of the Primary Carrier for signaling connection with to UE while most or all of radio resources needed for data exchange with UE come from WiFi carrier.

c) A Macro (eNB) configured with one or more Remote Radio Elements (RRE) integrated with WiFi Radio Nodes or RRE’s, which are WiFi only radios. In this configuration a eNBl may configure multiple WiFi RRE’s/AP’s and activate them selectively per UE, based on UEs location in the cell.

In each of these scenarios, the WiFi Connection may be established with SCell being in Infrastructure mode or as an adhoc connection between SCell and UE (such as Wi-Fi Direct). 

The radio transmission/reception on the secondary access can be turned on and off as controlled by Primary Access such that unnecessary interference and/or power consumption is avoided.
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Figure 2. Some of Target Deployment Scenarios

4. Analysis of the Proposed Approach

The following summarizes some of the key benefits of the Carrier Aggregation:

· Efficient and opportunistic utilization of unlicensed spectrum to off load traffic from licensed band. Link aware cross RAT scheduling of individual flows can be done to achieve better capacity and interference management as well.

· Centralized eNB “real-time” monitoring of link conditions and traffic off load decision for all multiple UE’s which is expected to outperform the client initiated mechanisms available today which rely on semi-static network policies. 
· No overhead in management of WiFi access network since this is a simplified WiFi deployment with no need for any separate backhaul or core network and thus there is no requirement for separate authentication, billing and charging functions. Therefore the system would fully benefit from reusing the advanced mobility, enhanced security and power management of primary WWAN access technology, e.g. LTE. 
· Enhanced quality of service on un-licensed band achieved through dynamic QoS aware and fast offloading of traffic flows to WiFi.

· Optimized and on demand use of WiFi radio and power management based on cross RAT traffic scheduled by eNB, which can improve the battery life of UE. 

· Possibility of implementation of specific optimizations such as joint beamforming, power control, coexistence, etc, based on feedback obtained through cross RAT measurements. 

· If existing eNBs are coupled with WiFi radios then the reachability of these WiFi radios may be an issue especially for macrocells, as the eNBs may not be located close enough to densely populated.  This could be overcome by deployment scenarios a, b and c, (see Figure 2), using small pico/femto/relays cells or remote WiFi radio elements fiber connected to eNB to bring out the WiFi radios closer to densely populated locations.
It should be noted that the proposed approach also has some limitations. For example:

· The scheme is designed for use by existing 3GPP operators as a mechanism to supplement their primary network. Standalone WiFi operators or other operators without a macro 3GPP network will continue to utilize other network based WiFi offloading/interworking solutions. 
· Turning on multiple radios concurrently may drain the UE battery capacity more quickly that using just one at the time. However given that such concurrent operation is only used during cross RAT scheduling opportunities the impact is not expected to be significant.
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