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1 Introduction
At RAN2#85 RAN2 discussed how WLAN identifier provisioning should be handled for the WLAN/3GPP Radio interworking feature. It was agreed that:

1) RAN can choose to provision SSIDs, BSSIDs or HESSIDs to the UE which shall be considered in the WLAN/3GPP Radio interworking mechanism.
2) As baseline: SSID/BSSID/HESSIDs are broadcast in a new SIB. 

It was also noted that RAN2 should look further in to whether this is feasible from an overhead point of view and how roaming and other scenarios would work. In this paper we look further in to the details of the communication of WLAN identifiers from RAN.

2 Discussion

2.1 Types of identifiers

RAN2 has agreed that the RAN can provide the following three types of WLAN identifiers:

SSID (Service Set IDentifier) is a string serving as an identifier for one or more APs. It is possible that multiple APs use the same SSID, the operator may for example use the same SSID for all their APs. The size of the SSID is up to 32 octets.

BSSID (Basic Service Set IDentifier) is the MAC address of the AP and hence the BSSID is a unique identifier for one AP in a network. The size of the BSSID is 6 octets.
HESSID (Homogeneous Extended Service Set IDentifier) is an identifier for a set of access points in a network. The HESSID is also a globally unique identifier for a set of access points and is often selected to be the BSSID (i.e. MAC address) of one of the access points in the network. The size of the HESSID is 6 octets.

2.2 Signalling Overhead
In this section we analyse the overhead of communicating the WLAN identifiers from RAN for the WLAN/3GPP Radio interworking feature. As indicated above, the SSID length is up to 32 bytes (256 bits), the BSSID and HESSID lengths are 6 bytes (48 bits). Note that the overall overhead for communicating all the relevant information for the 3GPP/WLAN interworking feature, such as other RAN assistance information (e.g. 3GPP signal level thresholds) is not considered here.
An ASN.1 example for communicating the WLAN identifiers, considering the possibility to several SSID/BSSID/HESSID, is given below: 

WlanIdInfoList ::=  SEQUENCE {


ssidInfoList

SsidInfoList
OPTIONAL, -- Need ON

bssidInfoList

BssidInfoList
OPTIONAL, -- Need ON

hessidInfoList

HessidInfoList
OPTIONAL -- Need ON
}

SsidInfoList ::=
SEQUENCE (1..2) OF 
WlanSsid
BssidInfoList ::=
SEQUENCE (1..4) OF
WlanBssid
HessidInfoList ::=
SEQUENCE (1..4) OF
WlanHessid

WlanSsid ::=
SEQUENCE {


ssid
OCTET STRING (SIZE(1..32))
}
WlanBssid ::=
SEQUENCE {


bssid
OCTET STRING (6)

}
WlanHessid ::=
SEQUENCE {


hessid
OCTET STRING (6)
}
In E-UTRA, the SIBs are limited in size to 1736 or 2216 bits depending on the DCI format. So considering that limitation, we can fit in: 6 or 8 SSIDS (assuming the SSIDs take the maximum 32 bytes possible) or 36 or 46 BSSID/HESSIDs in one E-UTRA SIB block. In UTRA, on the other hand, a SIB segment is limited to 226 bits, and the size is slightly reduced if a SIB needs to be segmented. Thus considering this limitation, we can fit 4 BSSIDs/HESSIDs but not even one SSID (if the concerned SSID takes the maximum 32 bytes possible). Note that in addition to this, the other RAN assistance information/thresholds have to be indicated to the UE, which will further limit the amount of WLAN identifiers that can be included within one SIB segment. 

In RAN2#85, there was no clear agreement on how many identifiers are reasonable to support. Using the HESSIDs or/and BSSIDs would have made it possible to have a reasonable number of identifiers even for the UTRA. However, HESSID requires that the concerned APs are HS2.0 compliant which we may not be able to assume. Regarding the BSSID, BSSID being the MAC address of the AP it can only be used to uniquely identify only one AP and hence it is necessary to signal one BSSID per AP and then it would likely be needed to signal many BSSIDs.
It was concluded in [1] that System Information Broadcast for UTRA was reaching its reasonable limit (and is already reached in some cases) in Release 11. WLAN identifier information is considerably large and to handle this information, it might be needed to use several SIB segments to broadcast it. While the issue presented in [1] is related to UTRA, the situation may also happen for E-UTRA in the years to come if more and more information is to be included in system broadcast. 

It is important that networks which want to continue using current System Information Broadcast can fit WLAN information without negatively impacting their user/network performance. Hence support for signalling of WLAN identifiers with dedicated signalling should be introduced.
Observation 1 Broadcasting multiple simultaneous WLAN identifiers will considerably impact the system information broadcast load, especially for UTRA.

We therefore propose:

Proposal 1 It should be possible to convey WLAN identifier information over dedicated signalling.
2.3 Interworking between broadcast and dedicated signalling

When dedicated signalling is also to be used for communicating WLAN identifiers, as justified in section 2.2, it is important to clarify UE behaviour in scenarios when both are available, when UE performs cell reselection/handover and also when the UE goes from IDLE mode to CONNECTED mode (and vice versa).

2.3.1 Broadcast vs. dedicated WLAN Identifiers
During RAN2 #85, it was agreed that: 

A UE in RRC CONNECTED in LTE or CELL DCH (or CELL_FACH: FFS) in UMTS shall apply dedicated thresholds if such has been received; otherwise the UE shall apply broadcasted thresholds.

For the thresholds and OPI, it is obvious that either the dedicated or the broadcast threshold and OPI have to be used by the UE (i.e. not a mixture thereof). In the case of WLAN identifiers, on the other hand, it would be possible to consider both dedicated and broadcasted identifiers at the same time. For example, an operator might decide to broadcast a very small number of WLAN identifiers that are applicable to all users and communicate additional WLAN identifiers only to the relevant users in a dedicated manner. However, this type of appending dedicated WLAN identifiers to broadcast WLAN identifiers would complicate some operations (for example, WLAN identifier handling when transitioning to IDLE mode or when cell re-selection/handover happen, as discussed in Sections 2.3.2 and 2.3.3). Thus, we propose the dedicated WLAN identifiers to be handled in the same way as the dedicated thresholds.
Proposal 2 A UE in RRC_CONNECTED in LTE or CELL_DCH (or CELL_FACH:FFS) in UMTS, shall apply dedicated WLAN identifiers if such have been received; otherwise the UE shall apply broadcasted WLAN identifiers. 
2.3.2 Behaviour when going to IDLE

During RAN2 #85, it was agreed that: 

The UE shall keep and apply dedicated thresholds when being in IDLE mode, (CELL_PCH or URA_PCH: FFS) until a time T has passed since the UE entered IDLE mode, (CELL_PCH or URA_PCH: FFS) upon which the UE shall apply the broadcasted thresholds (similar to handling of dedicated reselection priorities)

A similar approach can be employed also for the WLAN identifiers, i.e. a UE, when going from connected mode to idle mode will keep the WLAN identifiers that it have received via dedicated signalling until a certain timer has expired
. By not providing any timer value, the operator can enforce that the broadcasted WLAN identifiers will be used immediately after the UE has transitioned to IDLE mode.
Proposal 3 The UE shall keep and apply dedicated WLAN identifiers when being in IDLE mode in E-UTRAN (CELL_PCH/URA_PCH/IDLE modes in UTRAN) until a time T has passed since the UE entered IDLE mode in E-UTRAN (CELL_PCH/URA_PCH/IDLE modes in UTRAN) upon which the UE shall apply the broadcasted thresholds. 

We believe that the same timer can be applied to the WLAN identifiers as is applied to the thresholds and OPI.

Proposal 4 The time T, during which the dedicated WLAN identifiers are active, is the same as the time T used for keeping the dedicated thresholds active.
2.3.3 Cell re-selection, handover, and connection setup 
During RAN2 #85, it was agreed that: 

As baseline, the UE releases the dedicated thresholds upon handover and cell reselection

In [2], we have investigated the case where the UE receives thresholds which makes it offload to WLAN and hence is moved to IDLE mode. In this scenario we believe it is necessary that the UE maintains the thresholds even during cell reselection to avoid ping-ponging between WLAN and 3GPP. The same reasoning applies also to the WLAN identifiers. We therefore propose:

Proposal 5 The UE shall maintain dedicated WLAN identifiers upon cell (re)selection.

In [2], we further argued that it is beneficial if the dedicated thresholds and OPI should be signalled with a release-setup structure in LTE and a continue-newConfiguration structure in UMTS which will give RAN the flexibility to release, modify or keep the dedicated thresholds. For the same reason we propose a similar handling of WLAN identifiers.

Proposal 6 In LTE, the WLAN identifiers are signalled with a release-setup structure.

Proposal 7 In UMTS, the WLAN identifiers are signalled with the continue-newConfiguration structure.

As discussed in section 2.2, we may require kilo bits of data to communicate WLAN identifiers to UEs. Consider the case of a user browsing a web page that has several links (e.g. a news website) and that the UE is in the coverage area of a 3GPP cell but not a WLAN cell. Assume the UE is in IDLE mode in E-UTRAN (CELL_PCH/URA_PCH/IDLE mode in UTRAN) at the beginning. When the user clicks on the first link, the UE’s state changes to RRC_CONNECTED in E-UTRAN (or for example CELL_DCH in UTRAN), and it can be provided with proper configuration of WLAN parameters including the thresholds, OPI and WLAN identifiers. While the user is reading the page referenced by the first link, the UE transits into RRC_IDLE mode in E-UTRAN (CELL_PCH/URA_PCH/IDLE mode in UTRAN) due to inactivity timers (which can be in the order of few seconds). When the user clicks on another link, the same procedure as before happens and the UE will be provided with the same WLAN identifiers again, since the RAN is not aware that the UE already has received the WLAN identifiers. This keeps on happening each time the user clicks on a new link, assuming the new page request is happening after the expiration of the inactivity timer. Thus, the same WLAN identifiers can be sent unnecessarily several times to the same UE, wasting air interface radio resources and UE battery power. The same thing would also happen if the UE is for example using a video service where the video is divided in to smaller parts and sent sequentially.
This problem also applies to when the UE is moving between two 3GPP cells in which the same WLAN identifiers should be used.

One way of solving this problem is to make the RAN aware of when the UE needs to get updated WLAN identifiers. So this can be done by letting the 3GPP cells broadcast an index which indicates which WLAN identifier set should be used in that cell. The UE would, based on this index, know whether it has an up-to-date WLAN identifier set or needs to get an updated set.

An example illustrating this approach is shown in Figure 1 below. In this example, the same WLAN set (Set 7) is used in the left and the bottom cell while in the top cell another WLAN set is used (Set 3). So the left and bottom cells broadcast index 7 while the top cell broadcasts index 3. The UE starts in the left cell in the figure and it initially does not have any WLAN identifier set, hence the UE indicates this to the RAN upon the completion of connection setup. The RAN would then configure the UE with the identifiers that are associated with WLAN set 7 to the UE using dedicated signalling. Unless the UE moves to another cell that is using a different WLAN identifier index, or the current cell changes the WLAN identifier index, the UE will not indicate that it needs an updated set and thus will not be sent a WLAN identifier list. In the example illustrated in the figure, when the UE moves to the bottom cell the UE sees that this cell also uses WLAN identifier set with index 7 and since the UE already has WLAN set 7 from the previous cell, the UE can continue to use that set also in the bottom cell. Later when the UE enters the top cell, the UE sees that in this cell the WLAN identifier set 3 is used (i.e. not 7 which the UE currently has) and hence the UE will know that the WLAN identifier are outdated and the UE will indicate that to the RAN. 
Proposal 8 If WLAN identifiers are signalled with dedicated signalling, the cell broadcasts an index to indicate which WLANs are valid in that cell. 

Proposal 9 If the UE does not have WLAN identifiers that correspond with the broadcasted index, the UE indicates this to the eNB/RNC.

In [3], we have shown how the index approach could look in LTE.
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3 Conclusion

In this contribution we have discussed the handling of WLAN list identifiers. It has been described how RAN can provide WLAN identifiers to the UE, which is necessary in the non-ANDSF cases. 
Proposal 1
It should be possible to convey WLAN identifier information over dedicated signalling.
Proposal 2
A UE in RRC_CONNECTED in LTE or CELL_DCH (or CELL_FACH:FFS) in UMTS, shall apply dedicated WLAN identifiers if such has been received; otherwise the UE shall apply broadcasted WLAN identifiers.
Proposal 3
The UE shall keep and apply dedicated WLAN identifiers when being in IDLE mode in E-UTRAN (CELL_PCH/URA_PCH/IDLE modes in UTRAN) until a time T has passed since the UE entered IDLE mode in E-UTRAN (CELL_PCH/URA_PCH/IDLE modes in UTRAN) upon which the UE shall apply the broadcasted thresholds.
Proposal 4
The time T, during which the dedicated WLAN identifiers are active, is the same as the time T used for keeping the dedicated thresholds active.
Proposal 5
The UE shall maintain dedicated WLAN identifiers upon cell (re)selection.
Proposal 6
In LTE, the WLAN identifier list is signalled with a release-setup structure.
Proposal 7
In UMTS, the WLAN identifier list is signalled with the continue-newConfiguration structure.
Proposal 8
If WLAN identifiers are signalled with dedicated signalling, the cell broadcasts an index to indicate which WLANs are valid in that cell.
Proposal 9
If the UE does not have WLAN identifiers that correspond with the broadcasted index, the UE indicates this to the eNB/RNC.
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Figure � SEQ Figure \* ARABIC �1�: RAN broadcast WLAN list index.








� If dedicated WLAN identifiers were to be appended to broadcasted ones, this would have required the UE to keep track of which identifiers were communicated via broadcast and which via dedicated signalling to properly apply this behaviour.
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