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1 Introduction

In the RAN#67 plenary meeting a new WI LTE-WLAN Radio Level Integration and Interworking Enhancement has been agreed [1]. The WI aims at two mechanisms to efficiently utilize WLAN together with LTE. The radio level aggregation allows simultaneous usage of radio resources provided by both RATs whereas the enhanced interworking allows efficient traffic steering between the RATs by improving operator control. In this contribution, we give an overview of the LTE-WLAN aggregation solution.  The aspects related to the solution of enhanced interworking are treated in [2]. The WID gives the following RAN2 objectives related to LTE-WLAN aggregation:

1. Specify RAN and WLAN protocol architecture of LTE-WLAN aggregation at the UE and network side based on Release-12 LTE Dual Connectivity solutions 2C and 3C.
2. 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.

       a) For the case of per packet offloading, downlink should be specified with higher 
               priority than uplink

3. Specify RRC enhancements for network-controlled activation and de-activation for aggregation based on Release-12 LTE Dual Connectivity and traffic steering indication for inter working enhancements based on Release-12 SI on 3GPP/WLAN Radio Interworking 

4. Specify solutions for addition, removal, and change of WLAN links while being connected to the same eNB

5. Specify UE WLAN measurement reporting for aggregation and inter-working enhancements

2 Overview of WLAN aggregation
In this section, we would like to illustrate the protocol architecture for LTE-WLAN aggregation. In Figure 1, the protocol architecture is depicted for the UE, eNB (i.e. MeNB like in dual connectivity) and the WLAN protocol termination point which may be co-located or non-collocated with the MeNB. Whether the WLAN protocol termination point is implemented in a WLAN access point or access controller is out of scope of 3GPP, so it is simply referred to as WLAN termination here. This is also in accordance with the Multi-RAT Joint Coordination SI [8], and further discussed in [9]. For clarity, we propose the following nomenclature for the nodes involved in LTE WLAN aggregation: 
Proposal 1 The eNB involved in LTE WLAN aggregation is denoted “MeNB” as it serves a very similar functionality as the MeNB in dual connectivity.

Proposal 2 As in LTE-WLAN aggregation a tight integration of WLAN into LTE is assumed, it is proposed to denote the involved terminal by the enclosing “UE”.

Proposal 3 The logical node terminating WLAN is referred to as “WLAN termination” (WT).
Figure 1 shows the architecture option 3C as envisaged in the WID. The option 3C resembles the Rel-12 dual connectivity split bearer architecture, where the node terminating WLAN assumes the role of the secondary eNB. In the option 2C, which is also mentioned in the WID and is implicitly included in the figure, there would be no split/aggregation at the PDCP layer, i.e. data would be always routed via WLAN. Further, an adaptation layer is needed in order to adapt PDCP packets to be transported by WLAN. The adaptation layer is not present in dual connectivity. 
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Figure 1: LTE-WLAN aggregation architecture based on 3C Rel-12 Dual Connectivity.
Compared to WLAN interworking, in the aggregation solution the only interfaces towards CN are those of LTE, i.e. the S1-MME and S1-U from eNB to MME and S-GW, respectively. On contrary, in interworking data may be routed via P-GW to WLAN using the GPRS tunnelling protocol. Thus, with LTE-WLAN aggregation, more seamless mobility without the CN signalling related to the interworking solution can be expected.

Observation 1 The WLAN interworking and aggregation solutions rely on rather different network architectures.
3 Architecture options 2C and 3C
According to the WID, two architecture options are envisaged for the LTE-WLAN aggregation:

· 2C which offers per bearer offloading. In this option, all PDCP data is routed via WLAN to/from the UE. This can be seen as a new bearer type, which had not been specified in Rel-12 dual connectivity. In this option, no “split” with e.g. per-PDU routing and continuous reordering need to be supported by the PDCP layer. For the 2C like bearer, still, all data needs to be routed from CN via the eNB to WLAN.

· 3C which offers per packet offloading. This option is based on the dual connectivity split bearer architecture, where PDCP PDUs can be selectively routed via MeNB or WLAN to/from the UE. Additionally, at the receiving side, e.g. reordering needs to be supported in the PDCP layer.  

Functionality-wise, also in option 3C all data can be routed via WLAN to/from the UE by means of a static routing configuration like it was done in Rel-12 dual connectivity split bearer for the uplink.

As it became obvious from the recent Rel-12 standardization work, defining new bearer types comes with a significant specification impact due to for example as complexity for defining RRC procedures. 
We believe that for those reasons we should consider not to distinguish between 2C and 3C as different bearer type options, but rather specify only the split bearer 3C and enable 2C-like functionality by means of static routing decisions.

Observation 2 Functionality of architecture option 2C can be achieved with option 3C and static routing decisions.
Observation 3 Defining new bearer types comes with significant specification impact.
4 Uplink split

The uplink split was excluded from Rel-12 dual connectivity and is now reconsidered in Rel-13 [6]. The remaining issue from Rel-12 was mainly how the uplink buffer could be efficiently split. In DC this question translates into how buffer status reports (BSRs) to the individual eNBs could be organized. 

In LTE-WLAN aggregation, BSR would be necessary only in LTE, while in WLAN data can be sent directly once the medium is free. Thus, also solutions based on splitting the reported amount in the BSR as considered in Rel-13 dual connectivity are not directly applicable to LTE-WLAN. Nevertheless, the outcome of Rel-13 dual connectivity discussions should be considered also in this WI. Since these discussions are just started, we should down-prioritize the work on uplink split for now, as also intended in the WID.

Proposal 4 Down-prioritize work on uplink split in LTE-WLAN WI to avoid double work and to be able to consider outcome of Rel-13 dual connectivity enhancements discussions on uplink split.
It seems however important to be able to configure whether uplink shall be routed via LTE or WLAN. In a scenario where the UE is close to the WLAN AP and far from the LTE eNB, it can be more beneficial to allow uplink data to be routed via WLAN. 

For the per-bearer offloading case, i.e. the option 2C from the WID, all data, including uplink, is routed via WLAN. We believe however, that similarly to dual connectivity, an architecture option is advantageous, where the uplink data path can be independently configured from the downlink data path. In the same example scenario where it is beneficial for the uplink throughput to route uplink data via WLAN, it might however be better to route downlink data via LTE to achieve higher downlink throughput. This could for example be due to the TDD nature of WLAN, where UL and DL share the same medium.

Independent data direction via MeNB or WLAN for UL and DL can be achieved in architecture option 3C by means of a configurable data direction for uplink data. This is straight forward as it builds on the solution for Rel-12 dual connectivity.

Proposal 5 In option 3C, it should be configurable by RRC whether uplink PDCP data is routed either via LTE or WLAN to E-UTRAN.

We note that for enabling the 2C functionality with 3C, it is necessary that in 3C uplink PDCP data is routable via WLAN whereas in 3C, LTE only uplink is possible.
5 Interface between network nodes 

For the non-collocated case of LTE-WLAN aggregation, interfaces need to be defined for both control and user plane between the MeNB and WLAN termination point in the network. 
For the user plane, a protocol is required for the PDCP PDU forwarding between the nodes as well as for feedback/flow control information. This requirement is very similar to the functionalities defined for dual connectivity for X2 user plane in [4]. Flow control feedback is necessary from WLAN so that the eNB can efficiently split the PDCP data and balance queuing delays for buffering in MeNB and WLAN termination. 

For the control plane, signalling is required as well in order to handshake with WLAN to activate the aggregation for a specific UE, for example. 

Whether the existing interfaces for control and user plane are reused and extended or new interfaces are defined between the logical nodes is up to RAN3. The user and control plane aspects are discussed from RAN3 perspective further in [10].
Observation 4 User plane and control plane interfaces between MeNB and WLAN termination are required for RAN2 functionalities. 

Proposal 6 RAN3 to discuss feasibility of existing or creation of new protocols between nodes to enable LTE-WLAN aggregation.
6 RRC and inter-node procedures

For activation/deactivation of the aggregation, as well as changing of the WT in the aggregation, similar procedures as in dual connectivity can be envisaged. The dual connectivity procedures are listed in [7]. In Dual connectivity, the MCG contains a PCell and potentially further MCG SCells, the SCG contains at least one PSCell and potentially further SCG SCells. In WLAN aggregation, we would have only one WLAN termination point similar to the PSCell in DC. The following procedures should be considered for LTE WLAN aggregation:

· Intra-MCG and Intra-eNB handover

· Inter-eNB handover 

· WLAN addition, WLAN termination point (AP) change, removal

· Bearer type modification, bearer establishment and release

It should be noted that any of these procedures are not needed for the WLAN interworking. Further, a concept of traffic steering, as it is in WLAN interworking, does not exist for WLAN aggregation as after AP configuration, the routing decision (i.e. the steering) is done by eNB per PDCP packet.

Observation 5 The RRC procedures (beside common measurement framework) for WLAN interworking and aggregation are different.
Finally, the interworking solution has a background from Release 12 SI and WI while the WLAN aggregation is a rather new topic to 3GPP. Thus, also from the perspective of matureness, the solutions differ. The interworking part is more ready for specifying exact details while the aggregation part needs a more SI type of discussion first. Thus, we propose to handle aggregation and interworking separately in order to ensure good progress for both solutions.

Proposal 7 Handle RRC procedures and inter-node signalling framework (beside common measurement framework) for aggregation and interworking separately in RAN2.

7 Sending PDCP PDUs with WLAN
The intention of the WI is to avoid changes of the IEEE 802.11 protocol. These are not necessary as a PDCP PDU can be transmitted through 802.11 transparently. To distinguish PDCP data from IP packets at the receiver side, a marker could be assigned to the data units, e.g. an Ethertype as defined 802.11z [5]. 

Observation 6 PDCP PDUs can be transparently sent via WLAN thus changes to IEEE 802.11 are avoided. PDCP PDUs can be distinguished from IP data with existing 802.11 functionalities. 

In LTE, a logical channel identifier is used and assigned by MAC to transport blocks, so that the corresponding logical channel can be identified at the receiver side. A similar functionality needs to be established when sending PDCP PDUs with WLAN. For example, in case when multiple bearers are setup for the UE, it is required at the receiver side to assign the PDCP PDUs received from WLAN to their corresponding logical channel, i.e. PDCP entity. For this purpose, PDCP PDUs could be encapsulated within an adaptation layer adding the logical channel identifier as a header, as illustrated in Figure 2.
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Figure 2: Protocol encapsulation for PDCP PDUs send on 802.11
Proposal 8 PDCP PDU send via WLAN is encapsulated in data unit with a header including the logical channel identifier of the used PDCP entity.
In Figure 1, the adaptation layer is located in the logical node of WLAN termination function. This way e.g. the interface for PDCP data forwarding and flow control specified for dual connectivity [4] could be directly reused, as compared to the alternative of locating the adaptation layer in the eNB.

Provisioning of a 3GPP identifier such as the C-RNTI is not necessary in WLAN. At the AP receiver for example, UEs are identified based on their WLAN MAC address and can thus be identified as aggregation UEs for which PDCP data needs to be forwarded to their aggregating eNB. The eNB may identify to which UE incoming PDCP data belongs by observing by which forwarding tunnel instance (X2 or Xw protocol instance per UE or per bearer per UE) the data arrives.
Last but not least, WLAN could apply QoS and use a certain traffic class for PDCP PDUs different from other IP traffic. This is however out of scope from 3GPP, and it is assumed that this is already possible with given IEEE specification.
8 Mobility mechanisms
In LTE-WLAN aggregation, the eNB distributes PDCP data to be transmitted via eNB and WLAN. In order to ensure smooth operation and high performance in LTE-WLAN aggregation, WLAN mobility needs to be carefully considered together with flow control and data forwarding aspects between MeNB, as well as source and target APs. Only when the eNB can control or is at least fully aware of to which AP the UE is connected and when the UE performs handovers between APs, the data flow to UE can be maximized and unnecessary interruptions and service degradations may be avoided. The UE side measurements are one key element in achieving good performance from LTE-WLAN aggregation. 
Proposal 9 In LTE-WLAN aggregation, MeNB should be in control of mobility decisions.
Proposal 10 WLAN measurement reporting to eNB is utilized for inter-WLAN mobility in LTE-WLAN aggregation.

The WLAN measurement framework can be common for both interworking enhancements and aggregation solutions, as further discussed in [3]. For example, the same RRC configuration and reporting procedures can be reused. Additionally, we should ensure that appropriate reporting triggers are established, especially for the WLAN AP change procedures. When it comes to the actual mobility procedures, e.g. RRC or inter-node signalling to activate/deactivate/change AP in the aggregation or initiate traffic steering in interworking, different frameworks may be defined.

Proposal 11 Aggregation and interworking base on a common measurement framework.

9 Conclusion
By analysing the targeted LTE-WLAN aggregation from the WID [1] the following observations were made:
Observation 1
The WLAN interworking and aggregation solutions rely on rather different network architectures.
Observation 2
Functionality of architecture option 2C can be achieved with option 3C and static routing decisions.
Observation 3
Defining new bearer types comes with significant specification impact.
Observation 4
User plane and control plane interfaces between MeNB and WLAN termination are required for RAN2 functionalities.
Observation 5
The RRC procedures (beside common measurement framework) for WLAN interworking and aggregation are different.
Observation 6
PDCP PDUs can be transparently sent via WLAN thus changes to IEEE 802.11 are avoided. PDCP PDUs can be distinguished from IP data with existing 802.11 functionalities.


Based on these observations and the discussion in the previous sections we propose the following:
Proposal 1
The eNB involved in LTE WLAN aggregation is denoted “MeNB” as it serves a very similar functionality as the MeNB in dual connectivity.
Proposal 2
As in LTE-WLAN aggregation a tight integration of WLAN into LTE is assumed, it is proposed to denote the involved terminal by the enclosing “UE”.
Proposal 3
The logical node terminating WLAN is referred to as “WLAN termination” (WT).
Proposal 4
Down-prioritize work on uplink split in LTE-WLAN WI to avoid double work and to be able to consider outcome of Rel-13 dual connectivity enhancements discussions on uplink split.
Proposal 5
In option 3C, it should be configurable by RRC whether uplink PDCP data is routed either via LTE or WLAN to E-UTRAN.
Proposal 6
RAN3 to discuss feasibility of existing or creation of new protocols between nodes to enable LTE-WLAN aggregation.
Proposal 7
Handle RRC procedures and inter-node signalling framework (beside common measurement framework) for aggregation and interworking separately in RAN2.
Proposal 8
PDCP PDU send via WLAN is encapsulated in data unit with a header including the logical channel identifier of the used PDCP entity.
Proposal 9
In LTE-WLAN aggregation, MeNB should be in control of mobility decisions.
Proposal 10
WLAN measurement reporting to eNB is utilized for inter-WLAN mobility in LTE-WLAN aggregation.
Proposal 11
Aggregation and interworking base on a common measurement framework.
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