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1 Introduction
A new work item on LTE-WLAN radio level integration and interworking enhancement was agreed at RAN plenary #67, in [2], One of the main objectives of the new work item is to define LTE-WLAN interworking enhancement solutions based on solution 3 in the rel-12 SI on 3GPP-WLAN interworking.
In this document, we review the solution 3 discussed in rel-12 by taking 37.834 [1] as a baseline, and further give our proposals on what Rel-13 interworking should be and how to specify it in specifications in rel-13.
2 Discussion

2.1 Solution 3 in rel-12 3GPP-WLAN interworking study item
In section 6.1.3 in [1], olution3 is characterised by following parts:

· Measurement control;
· Measurement report;
· Steering command/UE Ack/response.
The basic message flows of solution 3 cited in [1] is depicted in figure 1 for reference.
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Figure 1: solution 3 message flows in rel-12 3GPP-WLAN interworking SI

Besides the basic message flows in figure 1, rel-12 solution 3 also addressed the following issues in [1]:

· Priority between ANDSF an
d solution 3;

· Coexistence with RAN rules.

All the content captured in [1] for solution 3 were the agreements made during the study in rel-12. We propose to take it as the discussion baseline. Since it will be easier to converge companies’ views and then facilitate the discussion in RAN2.

Proposal 1:RAN2 should take the rel-12 solution 3 in [1] as a rel-13 discussion baseline. 
In following sections, we will review each part of solution 3 in rel-12 SI in detail, and give our proposals to specify it in rel-13.
2.2 Measurement control/report
In Table 6.1.3.1-1 in [1], W1~W4, 4 measurement events were captured as in table 1.
Table 1: Candidate measurement events for reporting WLAN cited from Table 6.1.3.1-1 in [1]
	Event
	Description

	W1
	WLAN becomes better than a threshold (to trigger traffic steering to WLAN)

	W2
	WLAN becomes worse than a threshold (to trigger traffic steering from WLAN)

	W3
	3GPP Cell’s radio quality becomes worse than threshold1 and WLAN’s radio quality becomes better than threshold2 (to trigger traffic steering to WLAN)

	W4
	WLAN’s radio quality becomes worse than threshold1 and 3GPP Cell’s radio quality becomes better than threshold2 (to trigger traffic steering from WLAN)


Events w3 and w4 are combination of existing LTE measurement events A1/A2 and w1/w2. The eNB can know the radio quality of its cells by existing events. Supporting w3 and w4 seems to introduce extra redundant in measurement configuration and UE implementation.
Proposal 2: W1 and W2 are sufficient for Rel-13 WLAN interworking enhancement.
During the discussion in rel-12 3GPP-WLAN interworking SI, 4 metrics as listed in table 2 were agreed in [1] as the candidate of event and report metrics.
Table 2: Candidate measurement to report for WLAN quoted from Table 6.1.3.1-3 in [1]
	Identifier
	Description
	Availability
 in WLAN

	RCPI
	Received Channel Power Indicator: Measure of the received RF power in the selected channel for a received frame in the range of -110 to 0 dBm
	Measurement

	RSNI
	Received Signal to Noise Indicator: An indication of the signal to noise plus interference ratio of a received IEEE 802.11 frame. 
Defined by the ratio of the received signal power (RCPI-ANPI) to the noise plus interference power (ANPI) in steps of 0.5 dB in the range from –10 dB to + 117 dB
	Measurement

	BSS Load
	Contains information on the current STA population and traffic levels in the BSS.
	Beacon or
Probe Response (802.11k)

	WAN metrics
	Includes estimates of DL and UL speeds and loading as well as link status and whether the WLAN AP is at capacity.
	ANQP (HS 2.0)


For w1 and w2, it may be possible to use BSS load and WAN metrics as the event threshold according to note 4 in section 6.1.3.1 in [1]. However, following drawbacks are foreseen if these two WLAN relevant metrics are used in w1 and w2.

· Not consistent with intra-3GPP mobility measurement event. Since in 3GPP only radio signal strength or quality (e.g. RSRP/RSRQ for LTE) can be configured as measurement metrics.  More complexity will be introduced to the measurement configuration and UE implementation if BSS load and WAN metrics are used.
· BSS load and WAN metrics are subject to WLAN AP and UE’s Hotspot2.0 capability. A UE may fail to acquire WAN metrics from a non-hotspot2.0 capable AP. A UE without support of hotspot2.0 cannot acquire the BSS load info from APs.  All above cases may cause the measurement event failed and unknown UE behaviour if not specified.
· More signalling load. BSS load and WAN metrics are information of AP nodes, and may have the same value for many UEs for a certain AP.  It may be cost efficiency if the eNB collects them by other method, e.g. through the interface between eNB and WLAN directly.
Therefore, it is better to use WLAN radio quality only as the measurement metric in events w1 and w2.
Since in RAN rules the beacon RSSI is used other than RCPI and RSNI for some technical reasons. It is reasonable for Rel-13 interworking to align with this agreement.
Proposal 3: The metric of measurement events w1 and w2 should be WLAN radio quality, i.e. the beacon RSSI.
Proposal 4: Only WLAN radio quality, i.e. the beacon RSSI will be reported by WLAN measurement report.

Proposal 5: BSS Load and WAN metrics are not be reported on Uu, they can be collected by the eNB from WLAN directly.

In Table 6.1.3.1-2 in [1], the following candidate WLAN identifiers in table 3 are evaluated as candidate measurement objects.

Table 3: candidate WLAN identifiers for WLAN cited from Table 6.1.3.1-2 in [1]
	Identifier
	Description
	Availability in WLAN

	BSSID
	Basic Service Set Identifier: For infrastructure BSS, the BSSID is the MAC address of the wireless access point
	Beacon or

Probe Response

	SSID
	Service Set Identifier: The SSID can be used in multiple, possibly overlapping, BSSs
	Beacon or

Probe Response

	HESSID
	Homogeneous Extended Service Set Identifier: A MAC address whose value shall be configured by the Hotspot Operator with the same value as the BSSID of one of the APs in the network. All APs in the wireless network shall be configured with the same HESSID value.
	Beacon or

Probe Response

 (802.11)

	Domain Name List
	Domain Name List element provides a list of one or more domain names of the entity operating the WLAN access network.
	ANQP (HS 2.0)

	Operating class,

channel number
	Indication of the target WLAN frequency.

See Annex E of 802.11 [5] for definitions of the different operating classes
	N/A

	NOTE:
If above information is not available in eNB/RNC, it is possible for RAN to configure general WLAN measurements


For Rel-13 interworking enhancement, it is possible to support the following measurement configuration:
· The eNB configures generanl WLAN measruements, i.e. no target WLAN identifers are indicated.
· The eNB configures WLAN measruements for a certain WLAN frequecny, i.e. just the WLAN operation channel numbers are indciated.

· The eNB configures WLAN measruements for cerain WLAN AP(s,), i.e. a list of measuring targets identified by  WLAN identifiers, e.g. BSSID, SSID, or HESSID. 

Supporting all above three options will enable flexible measurement configuration for Rel-13 interworking enhancement. And obviously LTE-WLAN aggregation may be benefit from this as well. 
Supporting to configure a certain WLAN frequecny will enable the UE to exclude the APs operating in different channel which reduce the amont in measurement report.

Proposal 6: For Rel-13 WLAN interworking enhancement, WLAN measurement configurations should support allow measuring any WLAN, measuring a WLAN frequency, and measuring certain WLAN AP(s).
For WLAN identifiers in measurement report there are following possibilities:

· If the measurement object is BSSID, the relevant WLAN identifiers in measurement report should be the measured BSSIDs as well.

· If the measurmement ojbect is SSID or HESSD, the SSID or HESSID and the measured BSSIDs should be reported together. Since, each SSID or HESSID may have many BSSIDs. Only BSSID can uniquely identify a WLAN AP.
Proposal 7: The measured BSSIDs shall be reported in WLAN measurement report whatever measurement objects are configured.

Since LTE-WLAN aggreagation needs WLAN measurements as well. And the requirement to WLAN measurement is simialr. It is reasonalbe to ruse the same WLAN measurement architecture for LTE-WLAN aggregation.
Observation 1: The design of WLAN measurements for Rel-13 interworking enhancements could be reused for LTE-WLAN aggregation.

2.3 Traffic steering control
In rel-12, RAN rules support APN level offloading. The offloadble APN information is sent from MME to the UE via NAS message. In [1], bearer level offloading is proposed for solution 3. 
Table 4: Comparison between APN level offloading and bearer level offloading
	
	Support of APN level offloading
	Support of bearer level offloading

	
	APN offloadble info for RAN rules is reused. The eNB sends steering command blindly.
	APN offloadble info is received via SI-MME.
	The bearer offloable info is received via S1-MME.

	Pros
	· No extra signalling impact.
· Less UE complexity, similar interaction between AS and NAS in the UE with RAN rules.
	· Blind steering command will be avoid.
· Less UE complexity, similar interaction between AS and NAS in the UE with RAN rules.
	· Support of bearer level offloading to WLAN.
· The eNB does no need to maintain the APN info.

	Cons
	· The steering command is sent blindly. This may lead to offloading failure in case that the APN offloadble info is not available in the UE (E.g. a user unsubscribed to WLAN offloading accesses to the network using solution3 capable equipment).
	· S1 signalling impact.
· The eNB needs to interpret the APN information.
	· S1 signalling impact.
· Complexity in UE implementation since there is no bearer concept beyond AS layer at which offloading is performed.


Proposal 8: Support bearer level offloading for Rel-13 interworking enhancement.
An explicitly offloading indication is needed in the offloading control info IE. The indication may at least have three functions: steering the UE to/back from WLAN, changing the offloading target during offloading status if a more suitable WLAN AP is reported.
Proposal 9: The eNB can command the UE to steer traffic to a particular WLAN or steer traffic back to LTE.
In Rel-12, it was agreed to support the identification of a WLAN using the BSSID or SSID or HESSID, or a combination. For interworking enhancement, the eNB should be able to indicate in the traffic steering command the target access point. We propose ot reuse 

For Rel-13 interworking enhancement based WLAN offloading, if the network wants to control the offloading target precisely, BSSID should be used in the offloading control IE. Otherwise, SSID or HESSID may be used by the network.
However, for LTE-WLAN aggregation, the target WLAN AP should be identified exactly, and then SSID or HESSID could not be used.

Proposal 10: Target WLAN identifiers in the offloading control info can be BSSID, SSID or HESSID.
If an inter-eNB handover occurs when Rel-13 interworking enhancement based WLAN offloading is ongoing, the offloading control configuration should be transferred to the target eNB as part of RRC context. This will enable the target eNB to steer the UE back to LTE in a proper time.
Proposal 11: the offloading control configuration should be transferred from source to target during intra-LTE handover.
2.4 Interworking with ANDSF

In [1], for interworking between solution 3 and ANDSF, the following was catured:
	User preference always takes precedence over RAN based or ANDSF based rules (e.g. when a non-operator WLAN is preferred or WLAN is off).

In this solution:

-
if ANDSF is not present, the UE moves the traffic indicated in the steering command to WLAN or 3GPP as indicated; 

-
when multiple Access Networks are possible according to the ANDSF policy, the traffic steering commands can override order of access network priorities, e.g. if for certain IP flows ANDSF indicates a prioritized order of 3GPP access and WLAN, upon reception of a command to steer traffic from 3GPP access to WLAN, the UE moves the corresponding flows to WLAN.
-
The dedicated traffic steering command cannot override ANDSF in other cases i.e. the UE shall not consider an access network that is forbidden by ANDSF as being available based on the steering command. The UE should not consider an access network that is restricted by ANDSF as being available based on the steering command.

NOTE:
The above rules apply whether the H-ANDSF or the V-ANDSF policy are active.


In section 4.8.6.4 in [3], the handling of ANDSF and RAN rules are specified.  This can be summarized as:
· Within a single PLMN, the WLAN access selection and the traffic routing behaviour of a UE shall be controlled either by the ANDSF rules or by the RAN rules, not by both. ANDSF will be used if both ANDSF polices and RAN rules are configured for subscribers in their HPLMN.
· And if the UE has both ANDSF from HPLMN rules and RAN rules from VPLMN, the ANDSF will take precedence than RAN rules.

For the priority between ANDSF and interworking enhancement, one simple handling is to reuse the handling of RAN rules in [3] in R12 for solution3.
However, this seems that the solution will not utilize the advantage that RAN knows the most suitable offloading target with the knowledge of UE WLAN measurement report and APs information collect from the interface between the eNB and AP. 
Therefore, it may be beneficial if Rel-13 interworking enhancement could override ANDSF rules, especially for the UEs in their HPLMN. For the case that the UE has both ANDSF from HPLMN rules and RAN rules from VPLMN, the policies from HPLMN if any should be respected.
Proposal 12: eNB traffic steering commands take precedence over ANDSF rules for subscribers in their HPLMN. 
Proposal 13: Send LS to SA2 to inform RAN2 agreement on interworking between ANDSF and eNB traffic steering commands.
2.5 Co-existence with RAN rules

In [1], two alternatives were proposed for coexistence of solution 3 and RAN rules for solution 3 and RAN rules both capable UEs:
· Option 1:Rel-13 interworking is applied only for active mode UEs, RAN rules is used for idle mode UEs.
· Option 2: UE is configured in idle mode to transfer to active for offloading by solution 3.

Option 1 will prohibit the UE to evaluate RAN rules in active mode. Option 2 means that RAN rules will not be used anymore. 

Proposal 14: Rel-13 interworking is applied for RRC_CONNECTED UEs, RAN rules are used for RRC_IDLE UEs.
2.6 UE capability for Rel-13 interworking
In rel-12, two UE capabilities were introduced: wlan-IW-RAN-Rules-r12 for RAN rules and wlan-IW-ANDSF-Policies-r12 for eANDSF.
Rel-13 interworking, a similar UE capability should be introduced as well.

Proposal 15:  A Rel-13 interworking capable UE should report its capability to the network to enable the network initiate Rel-13 interworking.
2.7 Requirements to collect APs information
As discussion in section 2.2, it’s not cost efficient to report BSS Load and WAN metrics for WLAN APs via Uu interface. However, such kind of AP level information would be useful for the eNB to make the offloading decision. Therefore, it’s better to collect BSS Load and WAN metrics by the eNB through the interface between the eNB and WLAN.

Proposal 16: The eNB should be able to collect AP level information such as BSS Load and WAN metrics through the interface between the eNB and WLAN.
2.8 Neighbour relation setup between cells and APs
There usually are many APs in the coverage of a cell. Having a stable neighbour relationship table between cells and APs will reduce the WLAN measurement configuration and reports, and then fasten the offloading decision in the eNB. 
Therefore, enticement of logged MDT to enable the UE report the collected WLAN AP IDs and relevant measurements may be needed.

Proposal 17: Logged MDT should be enhanced to enable the UE report collected WLAN APs in idle mode for neighbour relation setup with WLAN APs.
3 Conclusion 
In this document, we review the solution 3 discussed in rel-12 3GPP-WLAN interworking, and propose the following proposals and observations.
Proposal 1:RAN2 should take the rel-12 solution 3 in [1] as a rel-13 discussion baseline. 

Proposal 2: W1 and W2 are sufficient for Rel-13 WLAN interworking enhancement.
Proposal 3: The metric of measurement events w1 and w2 should be WLAN radio quality, i.e. the beacon RSSI.

Proposal 4: Only WLAN radio quality, i.e. the beacon RSSI will be reported by WLAN measurement report.

Proposal 5: BSS Load and WAN metrics are not be reported on Uu, they can be collected by the eNB from WLAN directly.
Proposal 6: For Rel-13 WLAN interworking enhancement, WLAN measurement configurations should support allow measuring any WLAN, measuring a WLAN frequency, and measuring certain WLAN AP(s).
Proposal 7: The measured BSSIDs shall be reported in WLAN measurement report whatever measurement objects are configured.

Observation 1: The design of WLAN measurements for Rel-13 interworking enhancements could be reused for LTE-WLAN aggregation.
Proposal 8: Support bearer level offloading for Rel-13 interworking enhancement.
Proposal 9: The eNB can command the UE to steer traffic to a particular WLAN or steer traffic back to LTE.
Proposal 10: Target WLAN identifiers in the offloading control info can be BSSID, SSID or HESSID.
Proposal 11: the offloading control configuration should be transferred from source to target during intra-LTE handover.

Proposal 12: eNB traffic steering commands take precedence over ANDSF rules for subscribers in their HPLMN. 
Proposal 13: Send LS to SA2 to inform RAN2 agreement on interworking between ANDSF and eNB traffic steering commands.
Proposal 14: Rel-13 interworking is applied for RRC_CONNECTED UEs, RAN rules are used for RRC_IDLE UEs.
Proposal 15:  A Rel-13 interworking capable UE should report its capability to the network to enable the network initiate Rel-13 interworking.
Proposal 16: The eNB should be able to collect AP level information such as BSS Load and WAN metrics through the interface between the eNB and WLAN.

Proposal 17: Logged MDT should be enhanced to enable the UE report collected WLAN APs in idle mode for neighbour relation setup with WLAN APs.
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