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1 Introduction

The study item on “WLAN/3GPP Radio Interworking” (RP-122038) has been approved in the last RAN#58 plenary meeting. It is necessary to firstly identify the requirements for RAN level interworking, and to clarify the scenarios and issues to be considered in the study [1]. 
This contribution will discuss the interworking scenarios between 3GPP cellular and WLAN, as well as potential requirements, from operators’ perspective. 
2 Discussion 

2.1 Current network status of China Mobile 
1. UMTS/LTE and WLAN construction 

So far, China Mobile has deployed more than 264 thousand UMTS base stations, and the number of subscribers has exceeded 79 million, accounting for about 11% of total users.

For LTE, more than 20 thousand eNBs have been deployed and the number is planned to reach 200 thousand by the end of year 2013.

For WLAN, more than 382 thousand hotspots and 3.61 million APs have been deployed, and we have more than 14 million active users, where active user means that the user access WLAN at least once per month. By the year of 2015, the total number of APs will reach 6 million. 

Currently, most of the APs are deployed in colleges, hospitals, airports, as well as bus/train stations, and all of the APs are working in the standalone mode. But in the future, LTE-WiFi collocated Base Stations/APs will also be deployed.
2. WLAN utilization 

Although such large scale WLAN network has been deployed, the utilization is unsatisfactory. There are lots of APs haven’t been used efficiently for the moment. For instance, in the last October, about 48% of the APs are in extremely idle status, where extremely idle status means that the average date rate of the AP is below 10MB/S. 
On the other hand, considering the effect of traffic offloading, about 17.7% of data on handheld devices is carried by WLAN and the rest 82.3% is carried by cellular network. This means that data traffic generated on handheld devices is mainly carried by cellular rather than WLAN, which makes the cellular network quite busy now. Moreover, the current user experience is not so good due to the relative low data rate of cellular network (GSM and UMTS). Therefore increasing WLAN utilization on handheld devices is of great necessity for our network. There are diverse factors to cause such low WLAN utilization on handheld devices, and one main reason is the lack of efficient or automatic mechanism to offload traffic from cellular network to WLAN. 
In the near future, with the rapid increase of network construction, MBB service, and smart phone penetration (by 2013 the penetration rate in China will achieve 55% [2]), efficient method to offload traffic from cellular network to WLAN is highly expected. In the following section, the interworking scenarios of WLAN and 3GPP cellular networks, including WLAN discovery, network selection and return to cellular from WLAN will be discussed and corresponding requirements on each procedure will be analyzed. 
2.2 Interworking Scenarios and Requirements 
1. WLAN discovery
Currently, the on/off of the WiFi module on UE is operated by users manually. Users tend to keep their WiFi module off to save power, because they usually don't know where WLAN resources are available. When an UE with WiFi module moves into the area with WLAN coverage, the WiFi module will not be turned on until the user is notified, e.g. by seeing the information on the wall. However, following problems may happen:

1) The user doesn’t see the notification for a long time. So that the opportunity of WLAN usage will be reduced. Hence timely notification of WLAN coverage by operator or automatic method to turn on WiFi module is necessary.  
2) After turning on the WiFi module to try to use WLAN, the user may find that the WLAN is quite busy or even cannot be accessed at all, e.g. due to bad radio link quality. This will waste UE’s power and furthermore deteriorate the user experience. Therefore, we need to ensure that users are notified only when the WLAN is really available. Even when an automatic method to activate the WiFi module is introduced, it should be also in an accurate way, so that unnecessary scanning and power consumption can be decreased. 
Observation 1: A timely and accurate way to discover really useable WLAN is necessary, whether the WiFi module is turned on manually or automatically.
2. Network selection
For network selection, there does exist standardized mechanism called ANDSF (Access Network Discovery Support Functions), which can deliver the operator’s policy to UE, by pull mode or push mode. There are three types of information provided by the ANDSF, i.e. the inter-system mobility policy, the access network discovery information and the inter-system routing policy. UE performs corresponding procedures if it is allowed by user preferences. Moreover, how frequently the UE performs the discovery and reselection procedure depends on the UE implementation [3]. However this mechanism is not enough for operators since:
1) Dynamic network side information has not been considered yet, e.g. radio link quality, network load, including the load of both radio access network and core network. ANDSF could offer some static or quasi-static information to UE, e.g. the access technology type (e.g. WLAN), the radio access network identifier (e.g. the SSID of a WLAN). It is possible that ANDSF suggests UE to select WLAN, but the link quality of WLAN is not good enough for the UE or the WLAN has been overloaded (RAN side or core network side). Therefore, dynamic network side information, including both RAN level and core network level, should be considered for network selection. 
Observation 2: Dynamic network side information, including both RAN level and core network level, should be considered for network selection. 
2) UE makes the final decision rather than the network. Obviously, UE makes the decision according to the requirements of only itself rather than the whole network. For instance, UE may select the cellular network due to the signal strength from cellular is better than WLAN, but at that time the cellular network has already been overloaded. This will further degrade the cellular network performance, and also deteriorate user experience. On the other hand, if the network selection decision is made by the network side, the overall network performance optimization, e.g. load balancing, could also be taken into consideration. Hence better performance for the whole network as well as better user experience could be expected. 
Observation 3: If the network side makes the network selection decision rather than UE, better performance for the whole network as well as better user experience could be expected.
3) The QoS requirement of the service is not considered by ANDSF. Operators may have different policies for different services. For instance, we prefer to use WLAN to carry the delay tolerant Instant Message Service, web browsing, etc, as long as the quality of WLAN is acceptable for UE. But for the service with high QoS requirements, such as videoconference, cellular network is preferred. 
Observation 4: QoS requirement or service type is another factor to be considered for network selection.

Furthermore, following two issues should be considered for network selection when WLAN is selected:

1) WLAN cannot support phone call. When WLAN is selected to carry service, and if UE is detached from the LTE network, then the UE cannot by paged since LTE does not have the CS domain. Therefore, for WLAN-LTE interworking, UE should not be detached from LTE when WLAN is used to carry service.

Proposal: For WLAN-LTE interworking, UE should not be detached from cellular network when WLAN is used to carry service.
2) How to switch the service running on cellular, e.g. video downloading, to WLAN without the user’s perception. Of course, the running services could be still carried by cellular network if it is free, but when cellular is busy, it is quite necessary to switch some data sessions to WLAN.
Observation 5: When WLAN is selected and the cellular network is busy, some data sessions running on cellular should be able to be switched to WLAN without user’s perception.

3. Return to cellular from WLAN
When UE needs to return to cellular network due to the wireless link change or UE moving out of WLAN coverage, some services may be running on the WLAN. The data session should be switched to the cellular network before user perceives the change. Therefore, the cellular should be able to estimate that the UE cannot use the serving WLAN sometime later. 
Observation 6: When UE moves out of WLAN coverage, the data session should be switched to the cellular network before user perceives the change.
3 Conclusion
In this contribution, the current network deployment status and future construction plan of China Mobile, including UMTS/LTE and WLAN, are introduced. Then from operators’ perspective, the interworking scenarios between 3GPP cellular and WLAN, as well as potential requirements are addressed. RAN2 is kindly asked to discuss and decide on following observations and proposals:
Observation 1: A timely and accurate way to discover really useable WLAN is necessary, no matter the WiFi module is turned on manually or automatically.

Observation 2: Dynamic network side information, including both RAN level and core network level, should be considered for network selection. 
Observation 3: If the network side makes the network selection decision rather than UE, better performance for the whole network as well as better user experience could be expected.

Observation 4: QoS requirement or service type is another factor to be considered for network selection.

Observation 5: When WLAN is selected and the cellular network is busy, some data sessions running on cellular should be able to be switched to WLAN without the user’s perception.

Observation 6: When UE moves out of WLAN coverage, the data session should be switched to the cellular network before user perceives the change.
Proposal: For WLAN-LTE interworking, UE should not be detached from cellular network when WLAN is used to carry service.
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