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1 Introduction

In RAN#67, it was agreed in RP-150510 supporting RAN and WLAN protocol architecture of LTE-WLAN aggregation at the UE and network side based on Release-12 LTE Dual Connectivity user plane protocol architecture 2C and 3C.
In this contribution, the possible solutions for LTE/WiFi aggregation are proposed and compared between themselves and against the deployment scenarios to be supported. A possible way forward is proposed.
2 Discussion
2.1 Deployment scenarios
As captured in the objective of the WID, both both integrated and non-co-located eNBs and APs should be supported by the WI.  In [2], the possible deployment scenarios are discussed for LTE-WiFi aggregation. The scenarios listed are:  
· Scenario 1: WLAN is in the same private network as the LTE eNB (e.g. enterprise small cell with WiFi and LTE capability integrated or colocated)

· Scenario 2: WLAN is in a different private network to the LTE eNB (e.g. macro/metro LTE cell with partner’s WLAN)

Also in [2], it is discussed whether LTE-WiFi aggregation should be supported with legacy WLAN/WiFi AP. There are many legacy WLANs being deployed by mobile operator and ISP.  To allow for the widest application of LTE-WiFi aggregation and Solution 3, it will be beneficial that the aggregation and Solution 3 mechanism should be able to support legacy WLAN.  
In all the scenarios, the WLAN can be considered by the operator to be trusted or non-trusted. It should be good to be able to support both cases.
In the next section, we look at the possible solutions to meet the mentioned deployment scenarios.

2.2 User plane architecture to support the deployment scenarios
As stated in the WID [1], the user plane aggregation is performed at the PDCP layer:

Specify solution for user plane aggregation at the PDCP layer based on Release-12 LTE Dual Connectivity allowing both per packet (i.e. per PDCP PDU as in Dual Connectivity split bearer) and per bearer offloading.

Based on this, the user plane architecture for LTE-WiFi aggregation is as follow:
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Figure 1: High level view of user plane architecture for LTE-WiFi aggregation
Two possible solutions to transfer PDCP PDU over WiFi are:

1. PDCP PDU sent directly over WiFi
2. Tunnelling approach between  the UE with the eNB

In Approach 1, the PDCP PDU is sent  over the air between the WiFi AP and the UE. In order to differentiate from other WiFi packet, a reserved Ethertype has to be used to indicate that it is a PDCP PDU. Upon receiving PDCP PDU, the UE will direct it to the LTE module rather than to other application. In addition, for the non-collocated case, the interface between the eNB and AP will need to be specified by RAN 3.  This interface should support data transport and control plane signalling required for setting up such data transport for carrying the PDCP PDU between the eNB and WiFi AP.

In Approach 2, the PDCP PDU is sent over the tunnel between the UE and the eNB transparent to the WiFi AP. For such tunneling, the UE needs to know the routable eNB IP address and this has to be provided to the UE by the eNB possibly over RRC. The UE then setup a tunnel (e.g. IPsec tunnel) to the eNB via the WiFi AP. Due to the tunnelling, the UE knows that the traffic is for the LTE module rather than to other application upon receiving the traffic containing the PDCP PDU. As a result of the tunnelling between the UE and eNB and transparent to the WiFi AP,, no further work is required by RAN 3.  And there is no impact on WiFi APs.  Depending on the deployment scenario, the routable eNB address provided may be private or public IP address.  Below is an example diagram (Figure 2):
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Figure 2

A quick comparison between both solutions:

	
	Approach 1
(Directly over WiFi approach)
	Approach 2 

(Tunnelling approach)

	Impact to RAN 3 specification and IEEE
	Yes
	No

	Additional header overhead over WiFi air due to tunneling protocol
	No
	Yes

	Support legacy WLAN
	No
	Yes

	Common solution possible

(including legacy WLAN deployment)
	No
	Yes


If legacy WLAN needs to be supported, then the tunnelling Approach 2 may need to be adopted since Approach 1 requires RAN 3 to define a data transport to transport PDCP PDU requiring WiFi AP/WLAN that supports such transfer. Furthermore, it requires the WiFi AP to support the new EtherType for the PDCP PDU.
If support of legacy WLAN is not required, Approach 1 or 2 can be adopted, accordingly, depending on the deployment scenario to be supported for the WI as discussed in [2]. In all 3 scenarios in Section 2.1, either approach can be adopted. Approach 1 is more efficient over the radio and hence more optimal for the integrated case.  However for the non-co-located scenario, it needs more specification work in RAN3 and impacts WiFi APs.  Approach 2 is less efficient over the radio but is transparent to WiFi AP and no additional standardisation is needed.
For trusted and non-trusted WiFi deployment (e.g. operator’s own WLAN), since PDCP layer provides encryption of the LTE PDCP PDU, while there is no need for further encryption for either Approach 1 or  2, other security aspects will need to be discussed with SA3. 

Observation#1: Two possible approaches for LTE-WiFi aggregation and a comparison of them:

1. PDCP PDU sent directly over WiFi
2. Tunnelling approach to connect the UE with the eNB

	
	Approach 1

(Directly over WiFi approach)
	Approach 2 

(Tunnelling approach)

	Impact to RAN 3 specification and IEEE
	Yes
	No

	Additional header overhead over WiFi air due to tunneling protocol
	No
	Yes

	Support legacy WLAN
	No
	Yes

	Common solution possible

(including legacy WLAN deployment)
	No
	Yes


Observation 2: Tunnelling Approach 2 may need to be adopted if legacy WLAN is to be supported.  
Observation 3: Both approaches can support the deployment scenario discussed in [2] if legacy WLAN does not need to be supported.  Approach 1 is more efficient over the radio and hence more optimal for the integrated case.  However for the non-co-located scenario, it needs more specification work in RAN3 and impacts WiFi APs.  Approach 2 is less efficient over the radio but is transparent to WiFi AP and no additional standardisation is needed.  
Observation 4: If legacy WLAN is to be supported, approach 2 can provide a single common solution for all scenarios but is less efficient over the radio for integrated case.

Hence it is proposed: 
Proposal#1: RAN 2 discuss the Observation 1, 2, 3 and 4 and decide between approach 1 (directly over wifi) or approach 2 (tunnelling)
2.3 Need of control plane signalling for WiFi metrics
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)
The same metrics can be used as the basis for LTE-WiFi aggregation. 

For the LTE-WiFi aggregation, another metrics can also be used to adjust the ratio of the offloading based on the successful delivery of PDCP PDU over the WiFi. A simple way without affecting the WLAN side is to use the PDCP Status reporting. This will be a simple change to the existing PDCP Status reporting where it is only reported during PDCP reestablishment by extending the PDCP Status reporting to occur when LTE-WiFi aggregation is activated.

Proposal#2: The same Rel-12 metrics shall be used as the basis for LTE-WiFi aggregation. On top of that, the use of PDCP Status reporting to adjust offloading between LTE and WiFi is FFS.

The next question is how these metrics are provided to the eNB. Without further standardisation of the eNB and WLAN interface, this information has to be provided via the UE. In the case of network based interworking solution (i.e. solution 3 in Rel-12), the eNB may not have an interface with the WiFi AP/WLAN (e.g. legacy WLAN) operated by partners and the only way to get them is from the UE. To have a common approach for the signalling of WLAN metrics between Solution3 and LTE-WiFi aggregation, as baseline, the WiFi metrics need to be provided via dedicated RRC signalling.
Proposal#3: As the baseline, the UE provides WiFi metrics required for LTE-WiFi aggregation via dedicated RRC signalling.
3 Conclusion

It is recommended that RAN 2 discusses the following observation and proposal:
On the user plane architecture

Observation#1: Two possible approaches for LTE-WiFi aggregation and a comparison of them:

1. PDCP PDU sent directly over WiFi
2. Tunnelling approach to connect the UE with the eNB

	
	Approach 1

(Directly over WiFi approach)
	Approach 2 

(Tunnelling approach)

	Impact to RAN 3 specification and IEEE
	Yes
	No

	Additional header overhead over WiFi air due to tunneling protocol
	No
	Yes

	Support legacy WLAN
	No
	Yes

	Common solution possible

(including legacy WLAN deployment)
	No
	Yes


Observation 2: Tunnelling Approach 2 may need to be adopted if legacy WLAN is to be supported.  

Observation 3: Both approaches can support the deployment scenario discussed in [2] if legacy WLAN does not need to be supported.  Approach one is more efficient over the radio and hence more optimal for the integrated case.  However for the non-co-located scenario, it needs more specification work in RAN3 and impacts WiFi APs.  Approach 2 is less efficient over the radio but is transparent to WiFi AP and no additional standardisation is needed.  

Observation 4: If legacy WLAN is to be supported, approach 2 can provide a single common solution for all scenarios but is less efficient over the radio for integrated case.

Hence it is proposed: 

Proposal#1: RAN 2 discuss the Observation 1, 2, 3 and 4 and decide between approach 1 (directly over WiFi) or approach 2 (tunnelling)

On the need of control plane signalling between WLAN and eNB

Proposal#2: The same Rel-12 metrics shall be used as the basis for LTE-WiFi aggregation. On top of that, the use of PDCP Status reporting to adjust offloading between LTE and WiFi is FFS.

Proposal#3: As the baseline, the UE provides WiFi metrics required for LTE-WiFi aggregation via dedicated RRC signalling.
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