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1. Introduction 
At RAN#67[1], a WI of LTE-WLAN Radio Level Integration and Interworking Enhancement is agreed. 

The objectives of this work item are to define LTE-WLAN aggregation and interworking enhancement solutions addressing the co-located and non-co-located scenarios where aggregation solution is based on the Release-12 Dual Connectivity solutions 2C and 3C and interworking enhancement is based on solution-3 in the Release-12 SI on 3GPP/WLAN Radio Interworking. In the co-located scenario, the RAN logical node has both LTE eNB and WLAN AP functionality while a new interface between eNB and WLAN is needed for the non-located scenario.
In LS [2], RAN2 states the RAN2 progress on WLAN aggregation. This paper discusses the user plane open issues accordingly.
2. Discussion on control plane
2.1 Non collocated scenario
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Fig. Overall architecture for LTE/WLAN aggregation non-collocated deployment

RAN2 Agreement:

	LTE/WLAN aggregation supports collocated and non-collocated scenarios. In the non-collocated scenario, the eNB is connected to a “WLAN Termination” (WT). WT is a logical node and 3GPP does not specify where it is implemented. In both collocated and non-collocated cases, the only needed interfaces to the Core Network are S1-U and S1-MME which are terminated at the eNB.
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Fig. possible architecture
Although it is still FFS whether we need to distinguish between UP and CP WT, the following control plane discussion is not impacted. 
· Xw setup

· WLAN load information exchange

· WLAN aggregation setup

· Intra WT and inter WT Mobility 
2.2 Xw Setup
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Fig: Xw Setup
· Neighbor WT detection by an eNB 
· An eNB is configured with the address of a WT in the coverage of the eNB.

· An ANR like mechanism can be applied for neighbor WT detection. An eNB can detect a WT according to the WLAN ID (e.g. SSID, BSSID, HESSID) measured by a UE. There is relationship between WT and the WLAN ID of the AP of WT. 

· Possible parameters exchange during Xw Setup
	Possible Parameter
	WT-> eNB
	Justification

	WLAN ID(e.g. SSID, BSSID, HESSID) of AP managed by a WT
	Y
	For WLAN aggregation or WLAN interworking.

	PLMN ID 
	Y
	An operator may manage its and its partners’ WLAN AP, the PLMN specific WLAN ID should be provided by a WT

The AP belongs to UE’s serving PLMN and equivalent PLMN can be allocated for UE as WLAN aggregation.

WT should be preconfigured which AP belongs to which PLMN.


· After Xw setup, the AP may be turned on/off, WT should update the new WLAN configuration to eNB accordingly.
Proposal1: WT provides the WLAN ID (e.g. SSID, BSSID, HESSID) on a basis of PLMN during Xw setup.
Proposal2: Apply ANR like mechanism to detect a neighbor WT.

2.3 WLAN load information 
RAN2 agreement:

	RAN2 considers the interface for directly providing metrics such as BSS load from WLAN to eNB as beneficial (for the deployments where an interface is feasible) and suggests RAN3 to specify it as described in the WID. 
For deployments where an interface is present between the eNB and the WT WLAN metrics (e.g. bss load) can be provided directly WT to eNB. 


In Rel-12, the following metrics are used for triggering WiFi offloading:

· WiFi metrics:

· Beacon RSSI of WiFi AP

· BSS load (Channel Utilisation)

· WLAN backhaul metrics (DL Backhaul rate,UL Backhaul rate)

· LTE metrics: usual metrics from the UE RRM measurement (CRS RSRP, CRS RSRQ)
In SI MRJC[4], the follow metrics are considered to be exchanged between eNB and WT.

· BSS Load

· UE Average data rate

· WLAN identifiers (e.g. SSID, BSSID, HESSID)

· BSS Average Access Delay / BSS AC Access Delay

· WAN Metrics
	Parameter
	WT-> eNB
	Justification

	Beacon RSSI of WiFi AP
	N
	It should be WLAN measurement.

	BSS load (Channel Utilisation)
	Y
	RAN2 agree it is beneficial. 

For WLAN aggregation, e.g. the UE only measures the WLAN ID, eNB obtain the metric from WT according to the WLAN ID

	WLAN backhaul metrics (DL Backhaul rate, UL Backhaul rate)
	Y
	

	WLAN identifiers (e.g. BSSID, HESSID)


	Y
	The WLAN ID of WT has been provided to eNB during Xw setup.
BSSID or HESSID here is used to identify the BBS load and WLAN backhaul metrics. 

	WLAN identifiers (e.g. SSID)
	N
	The WLAN ID of WT has been provided to eNB during Xw setup.



	BSS Average Access Delay / BSS AC Access Delay
	Y
	

	WAN Metrics: uplink/downlink WAN (backhaul) speed and load for the AP
	N
	Overlapped with WLAN backhaul metrics (DL Backhaul rate, UL Backhaul rate)

	UE Average data rate
	N
	It may be beneficial but eNB can obtain the UE data rate according to flow control and eNB can accumulate UE average data rate statistically.

It is a specified parameter at WLAN. 


Proposal3: Obtain the below AP specific load information from WT.
>WLAN identifiers (e.g. BSSID, HESSID)

>BSS load (Channel Utilisation)

>WLAN backhaul metrics (DL Backhaul rate,UL Backhaul rate)

>BSS Average Access Delay / BSS AC Access Delay

2.4 WLAN Aggregation Setup
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Fig. WLAN aggregation setup
Open issue lists

· WT selection

· User preference: a UE has already associated with an AP, the assodciated AP should be respected during WLAN aggregation decision.
· Based on WLAN measurements. 

· UE identification by WT

· WT should know whether a UE has associated with AP before forwarding the split traffic to the UE. At WLAN side, UE uses WLAN MAC address to do the association with an AP. There is three solution captured in MRJC for UE identification.
· Bearer identification by UE

· More than one bearer is allowed to be offloaded to WLAN, UE need to distinguish the source bearer of the received PDCP PDU. 

· RAN2 has discuss several methods, pending to RAN2 decision
· QoS mapping
·  There are 4 access categories at WLAN side. WLAN used to consider the mapping of UMTS QoS but the LTE QoS mapping is not clear. 
Existing parameters analysis

· UE AMBR

· In 3C DC, the UE AMBR is used by SeNB to do the resource allocation for uplink data. 

· In WLAN aggregation, W.R.T RAN2 agreement, the uplink data transfer happen at EUTRAN side only. So the UE AMBR is not useful for WT.
· Serving PLMN

· RAN2 agree to allocate an AP group to UE for WLAN aggregation. The AP relocation is decided by the UE rather than the WT. The other usage of serving PLMN at WT side is not clear.
· E-RABs To Be Added List 
· The split bearer part can be reused by 2C and 3C in WIFI aggregation.
Proposal4: consider the open issues for WLAN aggregation:

>WT selection based on user preference
>UE identification by WT
>Bearer identification by UE
>QoS mapping

Observation1: UE AMBR and serving is not useful for WT.
Observation2: the usage of serving PLMN at WT is not clear.

2.5 WLAN Aggregation Release
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Fig. WLAN aggregation release
For 2C/3C, the data transfer is controlled by MeNB, there is no SN status transfer and data forwarding during WT release.
The WLAN aggregation release may be initiated by UE, WT and eNB.
UE initiated WA release

· User preference during WLAN aggregation,
· A UE may de-associates with the AP group allocated for WLAN aggregation 

· A UE associates to an AP not in the AP group. 

· A UE disables the functionality of WLAN.

WT initiated WA release

· WT detects the UE de-associated with AP group allocated for WLAN aggregation.
eNB initiated WA release

· Due to inter WT Mobility

· Based WLAN measurement, the allocated AP group is not good any more to support WLAN aggregation.
Proposal5: consider the WLAN aggregation release initiated by UE, WT or eNB.

2.6 Intra WT and inter WT Mobility
RAN2 agrees to indicate an AP group to a UE for WLAN aggregation. The allocated AP group should managed by one WT and is allowed for the serving PLMN/equivalent PLMN. At WLAN side, an UE is only capable of associating one AP at the mean time, so there is only one “SCG Scell” at WT. The intra AP group mobility is decided by UE according to the configuration of eNB. It will not result in WT relocation. However, the possible WT modification result from AP change should be pending on RAN2 progress.

For inter WT mobility, i.e. inter AP group mobility, RAN2 also the inter AP group mobility is initiated by the eNB according to the WLAN measurement. The inter WT mobility can be supported as below. 
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Fig. Inter WT mobility
2.7 WLAN aggregation modification

WT initiated WT modification is not clear.
· The DC SCG change may result from PDCP count wrap round, K_SenB  reflesh and PCell change. However, there in only one “cell” serving UE at WLAN. The LLC/MAC/PHY configuration happens between AP and UE directly. So there may not “SCG change” at WLAN side. Pending on RAN2 progress.

eNB initiated WT modification 

-  
Add/Mod/Del E-RAB

3. Conclusion 

This paper discusses the control plane open issues for WIFI aggregation.

Xw Setup

Proposal1: WT provides the WLAN ID (e.g. SSID, BSSID, HESSID) on a basis of PLMN during Xw setup.

Proposal2: Apply ANR like mechanism to detect a neighbor WT.

WLAN load information

Proposal3: Obtain the below AP specific load information from WT.

>WLAN identifiers (e.g. BSSID, HESSID)

>BSS load (Channel Utilisation)

>WLAN backhaul metrics (DL Backhaul rate,UL Backhaul rate)

>BSS Average Access Delay / BSS AC Access Delay

WLAN Aggregation Setup

Proposal4: consider the open issues for WLAN aggregation:

>WT selection based on user preference

>UE identification by WT

>Bearer identification by UE

>QoS mapping

Observation1: UE AMBR and serving is not useful for WT.

Observation2: the usage of serving PLMN at WT is not clear.

WLAN Aggregation release

Proposal5: consider the WLAN aggregation release initiated by UE, WT or eNB.
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