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1
Introduction
In RAN2#67, RAN-level aggregation of LTE and WLAN was agreed to be studied further as a working item [1], for benefits such as dynamic resource allocation, centralized network control and management, real-time load balancing, and seamless mobility support. 
In this contribution, we provide the general UE behaviors in an LTE-WLAN integrated network environment, collocated with private APs.
2
Discussion
2.1 Considering network environment
Figure 1 depicts the characteristics of LTE-WLAN aggregated network, consists of LTE-WLAN aggregated APs and private APs. Notice that the LTE-WLAN aggregated APs are connected with the eNB and traffic flow is delivered through the eNB, while the private APs are directly connected with the internet. 
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Figure 1 An example of a LTE-WLAN interworking/integration network 
consists of LTE-WLAN aggregated APs and private APs
2.2 UE behaviour scenarios in the considered environment
In a considered LTE-WLAN aggregated network environment, each UE with both LTE and WLAN modem can associate and communicate with any eNB or AP. In this subclause, we observe the possible UE behaviour with respect to the different UE and network conditions. Moreover, we discuss issues regarding UE behaviour in a LTE-WLAN aggregated network.
Considered assumptions on the following UE behaviors are as follows: 
 * User preferred AP list contains a list of APs which is depicted by the user.
 * A preferred AP is always considered to have higher priority to associate than any not-preferred private AP.
 * User intervention or indication is not described in detail. 


Following table categorizes the UE behaviour with respect to different UE and network conditions.

	UE and network conditions
	UE Behavior

	1.WLAN modem in a UE is OFF (turned-off by the user)
	1.1. User does not allow the UE to utilize LTE-WLAN aggregation, or the user does not allow UE/ network to turn-on the WLAN modem
	Do nothing
※ UE/network cannot turn-on the WLAN modem in the UE.

	
	1.2. User allows the UE to utilize LTE-WLAN aggregation and the user allows UE/ network to turn-on the WLAN modem

	Turn-on the WLAN modem and utilize LTE-WLAN aggregation by associating with a nearby LTE-WLAN aggregated AP, following:
  1. Instruction of the associated eNB 
    via wireless signal.
  2. UE’s setting of when to turn on the 
    WLAN modem.
※ After the WLAN modem is turned-on, UE behavior is equal to 2.1.2.

	2.WLAN modem in a UE is ON (turned-on by the user)
	2.1. User preferred AP list is empty

	2.1.1. User does not allow the UE to utilize LTE-WLAN aggregation
	Do nothing
※ Do not perform WLAN scanning also, since the preferred AP list is empty.

	
	
	2.1.2. User allows the UE to utilize LTE-WLAN aggregation
	2.1.2.1. When there is no nearby APs, or there are private APs only
	Perform basic WLAN scanning until an LTE-WLAN aggregated AP appears.

	
	
	
	2.1.2.2. When there are LTE-WLAN aggregated APs only, or there are both LTE-WLAN aggregated APs and private APs nearby
	Associate with the nearest/ or eNB designated LTE-WLAN aggregated AP 
※ Do not perform WLAN scanning since the preferred AP list is empty.

	
	2.2. User preferred AP list is not empty
	2.2.1. User does not allow the UE to utilize LTE-WLAN aggregation
	Perform basic WLAN scanning until a preferred AP appears.

	
	
	2.2.2. User allows the UE to utilize LTE-WLAN aggregation
	2.2.2.1. When there is no nearby APs, or there are not preferred private APs only
	Perform basic WLAN scanning until an LTE-WLAN aggregated AP or a preferred AP appears.

	
	
	
	2.2.2.2. When there are LTE-WLAN aggregated APs only, or there are both LTE-WLAN aggregated APs and not preferred private APs nearby
	Associate with the nearest/ or eNB designated aggregated AP and simultaneously, perform WLAN scanning until a preferred AP appears, since the preferred AP list is not empty.

	
	
	
	2.2.2.3. When there are preferred APs only, or there are both preferred APs and not preferred private APs nearby
	Associate with the nearest/ or the most preferred AP

	
	
	
	2.2.2.4. When there are both LTE-WLAN aggregated APs and preferred APs nearby
(There might be private APs also, or not)
	Associate with the nearest/ or the most preferred AP
※ Ignore the LTE-WLAN aggregation

	
	
	
	
	Associate with the nearest / or eNB designated LTE-WLAN aggregated AP
※ When the user allows it

	
	
	
	
	Opportunistically associate and communicate with the nearest / or eNB designated LTE-WLAN aggregated AP, when there is no traffic between the UE and the associated preferred AP
※ May utilize the LTE-WLAN aggregation using IDC schemes


With the UE behaviour scenarios, it is possible for a UE to utilize LTE-WLAN aggregated network consists of LTE eNBs, LTE-WLAN aggregated APs, and private APs. Moreover, the above UE behaviours bring out the following issues:
1. Whether to allow an LTE-WLAN aggregated eNB or a UE to turn-on the WLAN modem to associate with an LTE-WLAN aggregated AP? 
2. Whether to allow the UE to opportunistically utilize the LTE-WLAN aggregation, when there is no traffic between the associated preferred AP.
With the above issues, we have the following proposals:
Proposal 1: UE or network may turn-on the WLAN modem to associate with an LTE-WLAN aggregated AP by following: 

1. An LTE-WLAN aggregated eNB indicated,
2. The network conditions met the UE setting,
when the user allows the UE to utilize LTE-WLAN aggregation and the user also allows UE/ network to turn-on the WLAN modem
In order to turn-on the turned-off WLAN modem, the user should not prohibit the LTE-WLAN aggregation to turn-on the user’s UE’s WLAN modem. Moreover, merits of the LTE-WLAN aggregation must be clear since the WLAN modem is turned-off by the user. If the merit is clear and the user approves, it would be better to turn-on the WLAN modem to utilize the LTE-WLAN aggregation. 
There might be more than one condition to trigger and turn-on the WLAN modem in a UE. An eNB might indicate to turn-on the WLAN modem, or the UE turns-on the WLAN modem when the pre-set condition is met, such as the RSSI of the LTE-WLAN aggregated AP is bigger than a threshold, battery remnant is bigger than a threshold, and so on. All the decisions to turn-on the WLAN modem may utilize network information acquired by UE itself or through the LTE-WLAN aggregated network.
About the user preference, how to reflect a user preference in a UE is an implementation issue. In this contribution, we use the ‘preferred AP list’ as the result of user preference reflection in a UE.
Proposal 2: UE may utilize the LTE-WLAN aggregation, when there is no traffic between the associated preferred AP
Although the UE is connected with a preferred AP, there might be an LTE-WLAN aggregated AP nearby. When there is such an LTE-WLAN aggregated AP, it would be possible that the UE may utilize the LTE-WLAN aggregated AP when the UE’s connection with the preferred AP is not having any traffic to send or receive. 
The user should have the authority to control both LTE and WLAN modem in its UE, especially using LTE-WLAN aggregation since simultaneous use of both LTE and WLAN modem might consume more power than using a single radio access technology. Therefore, the user preference of allowing the UE to use LTE-WLAN aggregation or not, shall be indicated in the UE and the LTE-WLAN aggregated network should be informed of the indication, also. 

Proposal 3-1: The UE can send ‘WLAN Status Indication’ to indicate user preference on AP association to the network whenever it is changed.

The UE can configure its preference of APs based on user input. Then, the UE can indicate this preference to the network, i.e., eNB, apriori and the eNB can accordingly decide whether to configure the LTE-WLAN aggregated AP to the UE or not. Moreover, the eNB can know whether the WLAN is in use or not at the UE, if the UE sends a message which indicates the status of the WLAN at the UE. This indication message might carry information such as WLAN modem status, surrounding APs and their Received Signal Strengths, and preferred AP list, etc.
Proposal 3-2: The UE can send ‘WLAN Status Indication’ based on the request from eNB before the eNB commands the UE to configure the AP for aggregation.

The UE can send this ‘WLAN Status Indication’ based on the request from eNB before the eNB commands the UE to configure the AP for aggregation. For example, if a UE has indicated that it is connected with a preferred AP, then the eNB can configure the LTE-WLAN aggregated AP without worrying about the WLAN Status at the UE. If the UE dis-associate with the preferred AP and wants to associate with the LTE-WLAN aggregated AP, then a new ‘WLAN Status Indication’ might be sent to the network for LTE-WLAN aggregation.
Proposal 3-3: The UE can send ‘WLAN Status Indication’ when the user accepts or rejects the aggregation for example based on user interface.
Alternatively, if the UE does not configures and indicates its preference of APs while the eNB sends the command to aggregate with the indicated LTE-WLAN aggregated AP, then the UE may prompts the user to accept or reject the aggregation for example based on user interface.
3
Conclusion

Proposal 1: UE or network may turn-on the WLAN modem to associate with an LTE-WLAN aggregated AP by following: 

1. An LTE-WLAN aggregated eNB indicated,
2. The network conditions met the UE setting,
when the user allows the UE to utilize LTE-WLAN aggregation and the user also allows UE/ network to turn-on the WLAN modem.
Proposal 2: UE may utilize the LTE-WLAN aggregation, when there is no traffic between the associated preferred AP.
Proposal 3: The UE can send ‘WLAN Status Indication’ in the following situations.

1. To indicate user preference on AP association to the network whenever it is changed.
2. Based on the request from eNB before the eNB commands the UE to configure the AP for aggregation.
3. When the user accepts or rejects the aggregation for example based on user interface.
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