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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. As a baseline RAN2 agreed that WLAN identifiers should be provided with broadcast signalling with the disclaimer that RAN2 should look further in to whether this is feasible from an overhead point of view. In this paper we look further in to how broadcasting of WLAN identifiers affects the broadcast channel.
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 six 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 six octets.

2.2 Signalling Overhead
In this section we analyse how much data is expected to be required for the WLAN/3GPP Radio interworking feature. As indicated above, the SSID length is up to 32 bytes (256 bits), the BSSID and HESSID length is 6 bytes (48 bits). In addition, thresholds to assist deciding in which RAT the UE should access will be introduced but which will not be included in the below example.
It is likely desirable to have possibility to indicate several SSID/BSSID/HESSID. Thus, a list of IDs will be needed. Each of these IDs may have other characteristics such as, for example, absolute/relative priority.

Below, there is an ASN.1 example: 

WlanIdInfoList ::=  SEQUENCE {


ssidInfoList

SsidInfoList
OP,


bssidInfoList

BssidInfoList
OP,


hessidInfoList

HessidInfoList
OP

}

SsidInfoList ::=
SEQUENCE (SIZE (8)) OF











WlanSsid
BssidInfoList ::=
SEQUENCE (SIZE (8)) OF











WlanBssid
HessidInfoList ::=
SEQUENCE (SIZE (8)) OF











WlanHessid

WlanSsid ::=
SEQUENCE {


ssid
Bit String(256)


prio
Enumerated(1..24)
OP

}
WlanBssid ::=
SEQUENCE {


bssid
Bit String(48)


prio
Enumerated(1..24)
OP

}
WlanHessid ::=
SEQUENCE {


hessid
Bit String(48)


prio
Enumerated(1..24)
OP

}
If signalling requirements would be as shown in the ASN.1 example above, the number of bits would range from a minimum of approximately 50 bits to around 2850 bits. Should the lists be shorter (indicating 4 IDs), the maximum length may go up to around 1450 bits.

In addition to this, the thresholds will be indicated to the UE which will further increase the signalling overhead.
In E-UTRA, the SIBs are limited in size to 1736 or 2216 bits depending on DCI format. In UTRA, a SIB segment is limited to 226 bits, and the size is slightly reduced if a SIB needs to be segmented. This means that for E-UTRA, WLAN information may take up to two SIB segments. In UTRA, on the other hand, it may take up to 12 segments (note that other RAN parameters, such as thresholds, have not been considered).
It was concluded in [1] that System Information Broadcast for UTRA was reaching its reasonable limit (and was already overcome in some cases) in Release 11. WLAN identifier information is considerably large and, to handle this information, larger repetition factors may be needed, with the negative consequences of doing so. It is important that networks which want to continue using current UTRA System Information Broadcast can fit WLAN information without negatively impacting their user/network performance. Hence either support for signalling of WLAN identifiers with dedicated signalling should be introduced, or broadcasting of the WLAN identifiers should be spread over time.

While the issue presented in [1] is related to UTRA, the situation may also happen for E-UTRA in the years to come if massive amount of data in introduced in system broadcast. Therefore, in order to prevent this to happen in the long run, the same solution should apply to E-UTRA.
Observation 1 Broadcasting multiple simultaneous WLAN identifiers will considerably impact the system information broadcast load, especially for UTRA.

Proposal 1 At least for UMTS, WLAN identifier information should also be possible to be conveyed over dedicated signalling, to replace or append to the broadcast WLAN identifier information.
The details of how the signalling of WLAN identifiers with dedicated and broadcast signalling is discussed further in the below sections.

2.3 Alternatives for WLAN identifier provisioning
It was in [2] discussed three alternatives for signalling of WLAN identifiers in dedicated signalling. In that paper it was concluded that for dedicated signalling the alternative described in section 2.3.1 was most suitable. In section 2.3.2 an alternative for broadcasting of WLAN identifiers is described, where the overhead could be kept low. We suggest that RAN2 should discuss which of these alternatives should be adopted.

2.3.1 Alternative for dedicated signalling

In the alternative for dedicated signalling of WLAN identifiers, each 3GPP cell broadcasts a WLAN identifier set-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 showing this approach is found 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 requests a WLAN identifier set from the RAN which would give WLAN set 7 to the UE using dedicated signalling. 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) and hence the UE will know that the WLAN identifier are outdated and the UE must request a new WLAN set from that RAN.

Proposal 2 If WLAN identifiers are signalled with dedicated signalling, the cell broadcast a WLAN set-index to indicate which WLAN set is valid in that cell. 
Proposal 3 If the UE does not have the valid WLAN set, the UE requests to get it from the eNB/RNC.
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Naturally, dedicated signalling is not possible in IDLE mode (or URA_PCH/CELL_PCH in UMTS) so the UE needs to be in RRC CONNECTED mode (or CELL_DCH/CELL_FACH in UMTS) to request and receive a valid WLAN identifier set. It therefore needs to be decided what a UE in IDLE mode (or URA_PCH/CELL_PCH in UMTS) should do when entering a cell where the WLAN set-index is different from what the UE currently has. Two alternatives are:

Alternative A: A trigger for entering RRC CONNECTED (or CELL_PCH/CELL_FACH in UMTS) is added so that the UE would enter RRC CONNECTED (or CELL_PCH/CELL_FACH in UMTS) to acquire the valid WLAN list.
Alternative B: No new trigger for entering RRC CONNECTED (or CELL_PCH/CELL_FACH in UMTS) is added. The UE instead keeps acting on the old WLAN set until entering RRC CONNECTED (or CELL_PCH/CELL_FACH in UMTS) for some other reason.
Currently there is no mechanism in 3GPP such as Alternative A, i.e. where a UE moves from IDLE to CONNECTED mode (or CELL_FACH/CELL_DCH in UMTS) to acquire an updated RRC-configuration. Alternative A would also generate additional signalling due to the additional IDLE to CONNECTED transitions. Especially, in the case when the WLAN set in a cell would change which would trigger all IDLE UEs to go to connected mode to fetch the updated WLAN list.

In Alternative B the UE “waits” until it for some other reason enters connected mode, and then the UE requests an up-to-date WLAN set. The UE would then use an outdated WLAN set while the UE “waits” and then one of two things can happen when data arrives; the UE finds a WLAN which is common between the outdated WLAN set and the up-to-date WLAN set and the UE would connect to such a WLAN. Or the UE does not find a WLAN identifier which is common between the two cells and the UE would then connect to 3GPP (since for the UE there is no valid WLAN is available) and when the UE has entered connected mode the UE would fetch the valid WLAN set. We believe that this is acceptable and are therefore proposing:
Proposal 4 If WLAN identifiers are signalled with dedicated signalling, a UE in IDLE mode (or URA_PCH/CELL_PCH in UMTS) shall keep applying the WLAN identifier set it received last time it was in RRC CONNECTED (or CELL_DCH/CELL_FACH in UMTS).
2.3.2 Alternative for broadcast signalling

Two extremes exist for broadcasting the WLAN identifiers. Either all WLAN identifiers are signalled all at one time, or the WLAN identifiers are split and signalled in a sequence. Base on the discussion in section 2.2 above, to signal all WLAN identifier at one time will introduce a lot of broadcast channel overhead and this would have considerably large impact on system information broadcast load.

Therefore, if WLAN identifiers are to be broadcast, to reduce the amount of system information broadcast load it would be necessary to split the WLAN identifiers in to smaller segments to avoid needing too many and/or too large broadcast segments for the WLAN SIB. These segments would then be signalled in a sequence, one-by-one, in system information. For example, if three WLAN identifiers, WLAN A, WLAN B and WLAN C, should be signalled then the RAN could first signal WLAN A, then WLAN B and then WLAN C, and then the cycle would restart and the RAN would signal WLAN A, WLAN B, and so on. The UE would of course need to remember, and append the WLANs in such a cycle.

Broadcasting of the identifiers would introduce some delay of providing of the WLAN identifiers to the UE as it will take some TTIs before all WLAN identifiers has been signalled (3 TTIs in example in the above example). However this added delay for providing the identifiers is likely acceptable. We therefore propose:
Proposal 5 If WLAN identifiers are broadcast, WLAN identifiers may be signalled in a sequence to reduce broadcast load.

Since the content of the WLAN SIB will change every time with the above approach it is probably not good if the systemInfoValueTag changes all the time. Instead, similarly to what is done for ETWS and CMAS information, every change of the WLAN identifier information element in the WLAN SIB should not trigger systemInformationValueTag change. Instead the value tag should only change when a modification of the WLAN set has been done, e.g. in the example above; if WLAN C is removed from the WLAN identifier set, or a WLAN D is added to the set.
Proposal 6 If WLAN identifiers should be broadcast, the systemInformationValueTag should only change upon modification of the broadcast WLAN identifier set.
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
At least for UMTS, WLAN identifier information should also be possible to be conveyed over dedicated signalling, to replace or append to the broadcast WLAN identifier information.
Proposal 2
If WLAN identifiers are signalled with dedicated signalling, the cell broadcast a WLAN set-index to indicate which WLAN set is valid in that cell.
Proposal 3
If the UE does not have the valid WLAN set, the UE requests to get it from the eNB/RNC.
Proposal 4
If WLAN identifiers are signalled with dedicated signalling, a UE in IDLE mode (or URA_PCH/CELL_PCH in UMTS) shall keep applying the WLAN identifier set it received last time it was in RRC CONNECTED (or CELL_DCH/CELL_FACH in UMTS).
Proposal 5
If WLAN identifiers are broadcast, WLAN identifiers may be signalled in a sequence to reduce broadcast load.
Proposal 6
If WLAN identifiers should be broadcast, the systemInformationValueTag should only change upon modification of the broadcast WLAN identifier set.
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Figure � SEQ Figure \* ARABIC �1�: RAN broadcast WLAN list index.
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