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1. Introduction
In RAN#71 meeting, a new work item on enhanced LWA (eLWA) is agreed [1]. In Rel-14, one objective of the eLWA WI is UL support, i.e., Uplink data transmission on WLAN, including uplink bearer switch and bearer split. During the RAN2 meetings, some related contributions on UL data transmission were treated and some agreements were made:

· RAN2 will first discuss and agree on how uplink data will be transmitted for an LWA bearer on LTE and WLAN before discussing options for uplink direction.

· UE can be configured so that traffic on the UL split bearer can only be submitted for transmission on both, WLAN only or LTE only.

· For eLWA UL, a threshold is configured by eNB and the UE will send UL traffic on both LTE and WLAN links only if the data available for transmission in PDCP exceeds the threshold. (intention is that the threshold is considered in UE before any traffic is sent to WLAN )

· For eLWA UL, when the data available for transmission in PDCP is below or equal to the threshold, the UE will send UL traffic over LTE link only or WLAN link only as configured by the eNB.

· When UL bearer split is enabled, UE decides which PDUs to transmit on WLAN link (FFS how this might work in detail within limits of the mechanism for splitting traffic between LTE and WLAN).

· Sending a PDCP PDUs to WLAN is based on “some” eNB control without impacting existing WLAN MAC. (This eliminate full per packet eNB scheduling of WLAN and eliminates full UE implementation).

· Determination of which PDUs are send over WLAN is not determined by MAC, RLC, LWAAP.

Based on these agreements, we will further study on the open issues and provide our proposals about uplink data transmission in eLWA in this contribution.
2. Discussion
2.1. Background 
Regarding uplink data transmission in eLWA, the following issues need to be handled:

1) Whether the UL bearer splitting will be enabled or disabled
2) Which RAT, WLAN or LTE will be used in case the UL bearer splitting is disabled?

3) How the UL data will be transmitted in case UL bearer splitting is enabled, i.e. the UE has possibility to transmit uplink data via both LTE and WLAN
For issue 1), RAN2 has agreed that a threshold is configured by eNB and the UE will send UL traffic on both LTE and WLAN links only if the data available for transmission in PDCP exceeds the threshold. The threshold ul-LWA-DataSplitThreshold-r14 is defined in the RRC running CR for eLWA [2]. 
For issue 2), ul-LWA-DRB-ViaWLAN which configured by E-UTRAN will be used to indicate whether the UE shall send PDCP PDUs via the associated LWAAP entity as captured in [2].
In the PDCP running CR [3], it is captured that:
For LWA bearers, when submitting PDCP PDUs to lower layers, the transmitting PDCP entity shall:
- if ul-LWA-DataSplitThreshold is configured and the data available for transmission is larger than or equal to ul-LWA-DataSplitThreshold:

- submit the PDCP PDUs to either the associated AM RLC entity upon request from lower layers or the associated LWAAP entity;

- else:
- if ul-LWA-DRB-ViaWLAN is set to TRUE by upper layers:

- submit the PDCP PDUs to the associated LWAAP entity;

- else:

- submit the PDCP PDUs to the associated AM RLC entity upon request from lower layers.
For issue 3), it is agreed that sending a PDCP PDU to WLAN is based on “some” eNB control without impacting existing WLAN MAC and UE decides which PDUs to transmit on WLAN link, which is not determined by MAC, RLC, LWAAP, when UL bearer split is enabled. This eliminate full per packet eNB scheduling of WLAN and eliminates full UE implementation. At this moment, there is no conclusion on how this might work in detail within limits of the mechanism for splitting traffic between LTE and WLAN.
2.2. The details of the traffic splitting mechanism for eLWA
From WLAN point of view, the UE knows the radio condition which can change dynamically, and the amount of traffic needs to be transmitted. Additionally, the WLAN transmission is not scheduled via UL grant but access to WLAN resources is traditionally collision-based, without scheduling. 

However, it also can be observed that: 

· In order for data splitting, both load situation and radio condition need to be considered. For WLAN, BSS load and WAN metrics are subject to WLAN AP and UE’s capability. It means a UE may fail to acquire the load information from an AP. While in LTE, the UE may have no knowledge of the load information of network. For the radio condition, eNB can know it in WLAN by measurement report. If it is enough for eNB to control DL data splitting, the similar control can be achieved in uplink.
· For WLAN, the resource is time multiplexed between uplink and downlink. For DL data transmission, the eNB controls the WLAN transmission of the UEs which support R13 LWA. In case the UE sends UL data over WLAN when UL splitting is enabled, there is less resource that can be used for DL data transmission. It means the eNB control over DL data transmission in WLAN cannot be totally achieved if there is no knowledge of possible UL traffic volume over WLAN at eNB. 

· In some versions, data transmission cannot be guaranteed in WLAN which may incur the long gap of PDCP SN. The time taken by PDCP reordering increases with the longer gap of PDCN SN. 
For these reasons, eNB control is required for uplink data transmission over in case UL splitting is enabled.

Observation: For eLWA, eNB control is required for uplink data transmission over in case UL splitting is enabled.
Regarding the issue on how it works in details of the mechanism for splitting traffic between LTE and WLAN, there are some options [4] [5]:
· Option 1: Ratio based mechanism

In this option, the ratio of the traffic between WLAN and LTE will be configured by the eNB. The UE transmits the UL data based on the ratio. Specifically, if the ratio is equal to 0, all uplink data will be transmitted using LTE.

· Option 2: a token-bucket mechanism at PDCP layer
In this option, the eNB allocates “tokens” for WLAN transmissions and they are removed in proportion to the data sent over WLAN.
2.3. Comparison

In order to make the final decision, we provide the detailed comparisons between these potential mechanisms:

	
	Baseline (no addition mechanism)
	Option 1 (The ratio based mechanism)
	Option 2 (a token-bucket mechanism at PDCP layer)

	Splitting flexible
	Dynamic
	Depends on the frequency of ratio signalled. 
	Limited by “tokens” allocation.

	Load balancing
	No guarantee
	Depends on the frequency of ratio signalled.  
	

	RRC signalling 
	No additional signaling
	Depends on the load variations. In normal case, the ratio can be signalled with threshold together
	Depends on the load variations.

	Specification effort
	No 
	UE behaviour on PDCP PDUs splitting based on the ratio;
“ratio” signalling in RRC spec.
	UE behaviour on PDCP PDUs splitting based on the token

	Impact on PDCP implementation
	PDCP PDUs splitting
	No 
	Tokens allocation and removal.

	Impact on DL splitting
	there could be almost no resource that can be used for DL data transmission in WLAN in the extreme case
	Coordination can be implemented
	Coordination can be implemented.


From the table, it can be observed that both new parameters and new behaviour in PDCP are required in order to implement the token-bucket mechanism. It means option 2 has similar control over data traffic with more complex implantation than option 1. Therefore, we prefer option 1.
3. Summary of proposals
In this contribution, the issue about data transmission control over WLAN is discussed and the following proposal is made:
Proposal: The ratio based mechanism for traffic splitting between LTE and WLAN is introduced.
Considering ratio can be signalled with the agreed threshold together, the more accurate splitting can be achieved with small efforts.
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