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1 Introduction

RAN2 agreed at their last meeting [1] on the following items concerning LTE-WLAN aggregation UP (and captured them in [2]):
1. Defining a DC-like UP interface (GTP-U) between the eNB and the WT;

2. Flow control for LTE-WLAN aggregation runs between the eNB and the WT;

3. For “3C-mode” LTE-WLAN aggregation, the PDCP reordering behavior is adopted from Rel-12.

In this document we discuss the RAN3 aspects of the above agreements, considering also the work that led to the current Dual Connectivity (DC) architecture.
2 Discussion
As already discussed, LTE-WLAN architecture is based on the Rel-12 LTE DC architecture, with the eNB acting as the MeNB and the WT acting as the SeNB. Let us first recall some basic facts of DC flow control.
2.1 PDCP Buffers and Flow Control
Flow control in DC is required to “balance” the data sent directly to the UE from MeNB with the data forwarded through the SeNB. The goal for the MeNB is to maintain the SeNB transmission buffer filled to an optimal state, controlling how much data is in flight via the SeNB. The PDCP transmitter operation needs to ensure that, overall, less than half the Sequence Number (SN) space is in flight toward the UE.

In DC the SeNB knows radio conditions, queue fill states and QoS parameters for all its served UEs, so it can signal to the MeNB how much data it can handle for optimal operation. A window-based flow control protocol [4] was specified for such a mechanism in Rel-12 DC. The MeNB adjusts the transmission window based on its internal queue state and on feedback about SeNB queue state, taking into account SeNB bit rate and backhaul delay. The SeNB signals the following information to the MeNB [4]:

a) Highest PDCP PDU sequence number successfully delivered in sequence to the UE among those received from the MeNB;

b) Desired buffer size for the concerned E-RAB;

c) Minimum desired buffer size for the UE (all E-RABs) at the SeNB;

d) List of UP packets declared “lost” by the SeNB and not yet reported to the MeNB.

According to [3], a similar architecture as for Rel-12 DC should be adopted. There is, however, a notable difference with respect to Rel-12 DC. WT may or may not terminate the WLAN radio interface; therefore, we cannot “automatically” assume that it is aware of radio conditions for the UEs connected to the WLAN. What we can and should assume, however, is that the WT implementation allows the WT to have such knowledge.

Observation 1: In order to be able to reuse the same UP mechanisms as for DC, we need to assume that the WT is aware of radio conditions, queue fill states and QoS parameters for all UEs served by APs connected to it.
It is worth noting, however, that this is the same assumption that we are implicitly making when discussing Xw CP protocol; hence, it seems legitimate for consistency to do the same for Xw UP. It is therefore appropriate and feasible to reuse the same flow control mechanism for LTE-WLAN aggregation as for Rel-12 DC.
Proposal 1: Reuse the same flow control mechanism for LTE-WLAN aggregation as for Rel-12 DC.

The following subsection will analyze specific aspects of an Xw UP protocol by verifying the applicability of the X2 UP protocol in more detail.
2.2 General Aspects
Some general aspects for Xw UP protocol, taken directly from [4] (Sec. 4.1), are highlighted below. Notice that, due to the specific architecture, all E-RABs involved in LTE-WLAN aggregation are split bearers.
	General Aspect in X2 UP
	Corresponding General Aspect for Xw UP

	This version of the present document defines the X2 UP protocol in the context of dual connectivity only, more specifically, only for X2 user data bearers setup for E-RABs configured with the split bearer option.
	The Xw UP protocol is defined for LTE-WLAN aggregation, for an Xw user data bearer corresponding to an E-RAB;

	Each X2 UP protocol instance is associated to one E-RAB only.
	Each Xw UP protocol instance is associated to a single E-RAB;

	If configured, X2 UP protocol instances exist at the eNBs between which the X2 user data bearers are setup, specifically for dual connectivity between the MeNB and the SeNB.
	Xw UP instances exist at an eNB and a WT between which Xw user data bearers are set up for LTE-WLAN aggregation;

	In this version of the present document, X2 UP protocol data is conveyed by GTP-U protocol means, more specifically, by means of the "RAN Container" GTP-U extension header as defined in TS 29.281.
	Xw UP protocol data is conveyed by GTP-U (reusing the “RAN container” GTP-U extension header, as per current specifications).


Proposal 2: Discuss and confirm that the general aspects for X2 UP according to [4] are adoptable for the Xw UP. 
2.3 Xw UP Protocol Layer Services

Similarly to TS 36.425 [4] (Sec. 5.2), the following functions should be provided by the Xw UP protocol:

	X2 UP protocol layer services
	Corresponding Xw UP protocol layer services

	Provision of X2 UP specific sequence number information for user data transferred from the MeNB to the SeNB for a specific E-RAB configured with the split bearer option;
	Providing Xw UP-specific SN information for user data transferred from the eNB to the WT for a specific E-RAB;

	Information of successful in sequence delivery of PDCP PDUs to the UE from SeNB for user data associated with a specific E-RAB configured with the split bearer option;
	Informing of successful in-sequence delivery of PDCP PDUs to the UE from the WT for a specific E-RAB
;

	Information of PDCP PDUs that were not delivered to the UE;
	Informing about PDCP PDUs not delivered to the UE;

	Information of the currently desired buffer size at the SeNB for transmitting to the UE user data associated with a specific E-RAB configured with the split bearer option;
	Signaling the currently desired buffer size at the WT for a specific E-RAB;

	Information of the currently minimum desired buffer size at the SeNB for transmitting to the UE user data associated with all E-RABs configured with the split bearer option.
	Signaling the currently desired minimum buffer size at the WT for a UE for all E-RABs.


Proposal 3: Discuss and agree the Xw UP protocol layer services according to [4].

2.4 Xw UP Elementary Procedures

Similarly to [4], the Xw UP should contain the following procedures:

1. Transfer of DL user data – to provide Xw-U specific SN information at the transfer of user data carrying a DL PDCP PDU from the eNB to the WT via the Xw-U interface;

2. DL data delivery status – to provide feedback from the WT to the eNB, allowing the eNB to control DL data flow via the WT for the specific E-RAB.

Proposal 4: Discuss and agree the basic elementary procedures for Xw UP, according to [4].

2.5 Further Considerations
From the above discussion, it seems clear that the Xw UP will be substantially the same as the X2 UP. In fact, since in LTE-WLAN aggregation there are only split bearers, the UP functionality for LTE-WLAN aggregation will be a subset of the UP functionality for DC. It might be appropriate, in further stages of specification, to discuss whether the most appropriate way forward is to define a new specification or simply to adjust the existing specification document [4] to accommodate the new use case.

Proposal 5: Discuss whether to define a new specification for Xw UP protocol or to adjust the existing specification document [4] to accommodate the new use case.
3 Conclusions and Proposals
In this document we analyze the requirements and RAN2 agreements for Xw UP and flow control. Our proposals are summarized below.
Proposal 1: Reuse the same flow control mechanism for LTE-WLAN aggregation as for Rel-12 DC.

Proposal 2: Discuss and confirm that the general aspects for X2 UP according to [4] are adoptable for the Xw UP. 

Proposal 3: Discuss and agree the Xw UP protocol layer services according to [4].

Proposal 4: Discuss and agree the basic elementary procedures for Xw UP, according to [4].

Proposal 5: Discuss whether to define a new specification for Xw UP protocol or to adjust the existing specification document [4] to accommodate the new use case.
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� In LTE the RLC protocol fulfills this functionality, but in WLAN this might be implementation-specific. It seems reasonable to assume that the WLAN is able to support this functionality.





