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1. Introduction
Discussion on scenarios and requirement is considered the highest priority by rapporteurs. However it is difficult to separate the discussion on deployment scenarios from user plane architectures since data flow depends on how eNB/WLAN is deployed. This contribution discusses how RAN2 should specify protocols considering possible deployment scenarios.
2. Bearer type
One of the RAN2 objectives for this WID is to specify RAN and WLAN protocol architecture based on Release-12 LTE Dual Connectivity bearer types 2C and 3C [1]. Bearer type 2C/3C is introduced in the technical report of small cell enhancement [2]. RAN2 should define each bearer type based on the result of this study. Examples of the data flows are depicted in Table 1, using the downlink as an example. This table generally shows how PDCP PDUs are delivered to the WLAN side in both bearer types regardless of whether WLAN is collocated or non-collocated with LTE. In the collocated case, WLAN side is physically integrated and connected to the LTE side. In non-collocated case, these sides are connected via external direct interface.
Table 1: Preliminary assumption of bearer types
	2C bearer:

S1-U terminates in eNB + no bearer split in eNB + independent lower layer entity at WLAN side;
	3C bearer:

S1-U terminates in eNB + bearer split in eNB + independent lower layer entity at WLAN side;
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2.1. Comparison between 2C and 3C
Is 2C a special case of 3C?
The difference between 2C bearer and 3C bearer is whether the bearer is split or not, and whether the reordering function is needed. Due to the necessity for reordering, the 3C option requires a larger buffer size than the 2C option. The required functionality is different for 2C and 3C. From this perspective, 2C is not a special case of 3C (i.e. split ratio 100%/0%). There may also be cases where UE is not capable of 3C but only 2C and vice versa. RAN2 should define these solutions as different capabilities.

Proposal 1:
RAN2 should agree that 2C is not a special case of 3C.
Support of acknowledged data transfer / unacknowledged data transfer
It may not be preferable for 3C bearer option to support unacknowledged data transfer (i.e., UM type bearer) in particular for non-collocated case since such data transfer cannot accept delay due to the need for reordering.
On the other hand, 2C bearer option does not require any reordering procedure. Packets are delivered in sequence to/from UE via WLAN. It is reasonable that 2C bearer option support both acknowledged and unacknowledged data transfers at least for the collocated case. 
Proposal 2:
2C bearer option should support UM type data transfer at least for the collocated case.
Are 2C and 3C can be configured simultaneously?
If proposal 1 is agreeable, it is unclear whether 2C and 3C can be configured to an UE simultaneously. In Rel-12 DC, simultaneous configuration of split bearer and SCG bearer is not allowed. Unlike Rel-12 DC case, there is no architectural difference between 2C and 3C bearer options.  If 2C and 3C bearer type options can be configured simultaneously, both UM type and AM type bearers can be offloaded to WLAN. To achieve QoE improvement described as justification in WID, allowing simultaneous configuration is reasonable.
Proposal 3:
RAN2 should discuss whether simultaneous configuration of 2C bearer and 3C bearer is allowable.
3. Overall architecture for LTE-WLAN aggregation
RAN2 has a requirement that LTE-WLAN aggregation should be transparent to EPC for both collocated and non-collocated scenarios [1]. Given this requirement, WLAN AP/AC should be collocated within the eNB or directly connected to the eNB, and no other direct interface between 3GPP nodes (e.g. S-GW, MME) need to be considered. It should be further discussed whether a direct interface between 3GPP node and WLAN node is needed.  For the purposes of discussion, this external direct interface is named as “Xw”.
A preliminary assumption of the overall architecture for WLAN/3GPP aggregation is depicted in Figure 1.
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Figure 1 Overall architecture of LTE-WLAN aggregation
Several deployment scenarios may be discussed based on Figure 1 as described below.
1. Collocated with eNB
2. Non-collocated / connected with MeNB
3. Collocated with SeNB
In what follows, only solution 3C is explicitly shown as an example of the protocol stack.
3.1. Collocated with eNB
Table 2: Collocated with eNB case
	Deployment
	Protocol stack
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This is the simplest case. WLAN is collocated within eNB. Considering the small coverage size of WLAN, it is straightforward to assume that WLAN is physically integrated to a small cell eNB. This collocated scenario is most applicable to small cell standalone operation. In this scenario, WLAN should be used as a secondary serving cell, similar to SCell in the Carrier Aggregation operation.
This scenario has implicitly been agreed since specifying collocated scenario is one of the objectives of this WI [1].
Proposal 4:
RAN2 should agree with the scenario whereby WLAN is collocated with eNB.
3.2. Non-collocated / connected with MeNB
Table 3: Non-collocated / connected with MeNB case
	Deployment
	Protocol stack
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This is one of the main deployment scenarios since operators may have already deployed many WLAN APs. For user plane data delivery, 3GPP needs a new direct interface between WLAN AP/AC and eNB. 
RAN3 has studied direct interface between eNB and WLAN although it is still FFS whether it is applicable for packet forwarding or only for CP operation [3]. According to the TR, the placement of termination for the interface in WLAN is out of scope for 3GPP. So, either AP or AC can be a termination of Xw interface. If AC implements the termination function, operators may use APs which have already been deployed effectively.
This architecture appear similar to the 3C architecture for DC; however, it should be noted that WLAN cannot have a special cell (like PSCell in SeNB) since UE cannot send PUCCH to WLAN AP. From this perspective, this scenario is similar to the RRH scenario in CA rather than DC.
Proposal 5:
RAN2 should discuss whether to adopt the non-collocated scenario whereby the WLAN is connected to the MeNB through RRH.
3.3. Collocated with SeNB
It is easy to imagine that WLAN collocated small cell eNB will become a commonplace in the near future. This scenario may be expressed as a simultaneous DC configuration whereby, the collocated WLAN is used as an SCG cell. Since capacity and QoE improvements are part of the justifications for this WI, it is worth considering if DC and LTE-WLAN aggregation can be configured simultaneously.
Proposal 6:
RAN2 should discuss whether DC and LTE-WLAN aggregation can be configured simultaneously.
Assuming the simultaneous configuration is agreed, it is unclear how to offload bearers since there are several possibilities as described below.

Case.1: SCG bearer is split to WLAN

Case.2: PDCP in MeNB is split to WLAN

Case.3: PDCP in MeNB is split to SCG LTE SCell and WLAN
Case.1: SCG bearer is split to WLAN
Table 4: Collocated with SeNB / SCG bearer is split to WLAN case
	Deployment
	Protocol stack
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In this case, SCG bearer is delivered to SCG-RLC and IEEE MAC. WLAN is used as an SCG serving cell. Actually this is quite similar to section 3.1,”collocated with eNB” scenario.
Proposal 7:
If simultaneous configuration is agreed, SCG bearer split to WLAN case should also be agreed.
Case.2: PDCP in MeNB is split to WLAN
Table 5: Collocated with SeNB / PDCP in MeNB is split to WLAN case
	Deployment
	Protocol stack
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This case is quite similar to section 3.2, “Non-collocated / connected with MeNB” scenario. PDCP in MeNB is split and the PDU is forwarded to SeNB as Rel-12 DC, and it is delivered to IEEE MAC only. It appears that both Case 2 and “Non-collocated / connected with MeNB” scenario in section 3.2 are less desirable than Case 1 or 3 since it requires an Xw interface.
Proposal 8:
RAN2 should discuss whether collocated with SeNB / PDCP in MeNB is split to WLAN case should be supported.
Case.3: PDCP in MeNB is split to SCG LTE SCell and WLAN 
Table 6: Collocated with SeNB / PDCP in MeNB is split to SCG LTE SCell and WLAN case
	Deployment
	Protocol stack
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If RAN2 consider WLAN as one of the serving cells with the SeNB, the PDCP PDU split to WLAN should be up to the SeNB’s scheduler. A part of PDCP PDU delivered from MeNB is routed to SCG-RLC as split bearer in Rel-12 DC, and the other PDCP PDUs are routed to IEEE MAC. 

In this scenario, it is unclear whether the MeNB or the SeNB should decide on the PDCP PDU to be delivered to the IEEE MAC. If MeNB decides it, UE can be configured in RRC message semi-statically; however, routing changes will also require RRC Reconfiguration.

On the other hand, if SeNB decide the routing, there may be some benefits. The existence of the WLAN is transparent to MCG, SeNB can dynamically route the delivered PDUs for SCell under good radio condition including WLAN by its own scheduler.
Proposal 9:
RAN2 should discuss whether collocated with SeNB / PDCP in MeNB is split to SCG LTE SCell and WLAN case should be supported.
Proposal 10:
If proposal 8 is agreed, SeNB should decide which PDCP PDUs are delivered to WLAN and which PDCP PDUs are delivered the RLC.
4. Conclusion 
This contribution discusses how RAN2 should specify protocols considering possible deployment scenarios. In section 2, preliminary assumptions of bearer option 2C and 3C are introduced. In section 3, overall architecture of LTE-WLAN aggregation is introduced and considerable three deployment scenarios are discussed with protocol stacks.
We have the following proposals.
Proposal 1:
RAN2 should agree that 2C is not a special case of 3C.
Proposal 2:
2C bearer option should support UM type data transfer at least for the collocated case.
Proposal 3:
RAN2 should discuss whether simultaneous configuration of 2C bearer and 3C bearer is allowable.
Proposal 4:
RAN2 should agree with the scenario whereby WLAN is collocated with eNB.

Proposal 5:
RAN2 should discuss whether to adopt the non-collocated scenario whereby the WLAN is connected to the MeNB through RRH.

Proposal 6:
RAN2 should discuss whether DC and LTE-WLAN aggregation can be configured simultaneously.

Proposal 7:
If simultaneous configuration is agreed, SCG bearer split to WLAN case should also be agreed.
Proposal 8:
RAN2 should discuss whether collocated with SeNB / PDCP in MeNB is split to WLAN case should be supported.

Proposal 9:
RAN2 should discuss whether collocated with SeNB / PDCP in MeNB is split to SCG LTE SCell and WLAN case should be supported.
Proposal 10:
If proposal 8 is agreed, SeNB should decide which PDCP PDUs are delivered to WLAN and which PDCP PDUs are delivered to the RLC.
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