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1 
Introduction
For user architecture 3C, based on the RAN2 agreement, it seems possible to achieve gains in terms of per-user throughput by means of inter-node radio resource aggregation, to achieve such effect the flow control mechanism over X2 is essential for 3C. Till now it is still open which flow control mechanism needs to be specified. In this contribution, the possible benefit and drawback for the different flow control mechanisms are analyzed in the following sections.
2
Discussion 
A primary function of the flow control is to prevent too much PDCP PDUs from buffering in SeNB because it will lead to larger transmission delay, in extreme case the packet loss would occur. On the other hand, apparently too little PDCP PDUs will affect per user throughput over Uu. Therefore, a good flow control mechanism needs to solve the two above issues. Accordingly how to buffer data in SeNB is a key factor for selecting a good flow control mechanism.

The amount of data buffered in SeNB depends on the total amount of capacity granted by the SeNB, there are two mechanisms to report the granted capacity.
Alt1: SeNB sends granted capacity to the MeNB directly
For this flow control mechanism, the SeNB could calculate the granted capacity based on implementation solution, e.g. multiplying a past average per-user throughput by a fixed buffer time, as there isn’t any MeNB buffer information, the granted capacity could be provided at a UE level of the granularity. The first adjustment factor is fixed buffer time which is associated to the delay of non-ideal backhaul, that is, smaller the delay of non-ideal backhaul is, shorter the buffer time should be set, so that the amount of data granted can be timely adjusted according to the change of channel condition. Another adjustment factor is the average throughput over air interface which can reflect the average level of channel condition and cell load.
Because the MeNB knows the QoS information of bearers, it could send the data to the SeNB based on the granted capacity information and DRB priority level. As to the signaling over X2 interface, the granted capacity information would be signalled to the MeNB in periodic or event-triggered way.
Observation 1: For the flow control mechanism Alt1, the amount of data could be granted in a UE level of the granularity.
Alt2: SeNB sends granted capacity to the MeNB based on the buffer status information from MeNB

For this flow control mechanism, the MeNB would signal the buffer status information to the SeNB, then the SeNB provides the granted capacity accordingly, which is similar with the legacy flow control mechanism of UMTS [1]. The reporting may be periodic or event-triggered, and the granted capacity information could be bytes. Like UMTS, the buffer information will be reported by MeNB at a DRB level of the granularity, accordingly the SeNB may grant the DRB the maximum amount of data based on the priority of the associated logical channel. 
Observation 2：For the flow control mechanism Alt2, the amount of data may be granted in a DRB level of the granularity. 
Alt 3: SeNB sends the Congestion Indication or “UP/Down” Indication to the MeNB

There is also another simpler way to control the downlink data flow, as described in the contribution [2], the SeNB just informs the MeNB about the congestion status by the Congestion Indication or “UP/Down” Indication to increase/decrease the transmission rate over X2. However the shortage of this mechanism is it may be difficult to accurately control the downlink transmission rate of each UE without further enhancement, e.g. carrying more information. 
A comparison table on these solutions is given below:
Table 1: Comparisons on the solutions to flow control
	
	UE throughput impact
	Capability of priority handling
	Signaling load over X2

	Alt 1
	(
	(
	(

	Alt 2
	(
	(
	(

	Alt 3
	(
	(
	(


UE throughput impact:
For the Alt3, as the SeNB just informs the MeNB to increase/decrease the transmission rate rather than providing the accurate value, taking the delay of non-ideal backhaul into account, it is difficult to adapt to the change of transmission rate over Uu. For Alt1 and Alt2, the SeNB will provide granted capacity to the MeNB. Therefore, the per-user throughput for Alt3 is the lowest compared with other two mechanisms. 
Capability of priority handling:

For Alt 1, with the E-RAB QoS information, the MeNB could process the granted capacity in the order of the DRB priority level. For the Alt2, with the information of the MeNB buffer size for each DRB, the SeNB can also process the granted capacity for each DRB in the order of the priority level. 
Signaling load over X2:

For the Alt2, more signaling load will be introduced over X2 interface compared with other two mechanisms, because the MeNB needs to send the buffer size information to the SeNB. 
Proposal: It is proposed to specify Alt 1 as the flow control mechanism for UP architecture 3C.
3
Conclusion
In this contribution, we analyze the benefit and drawback for the different flow control mechanisms, and some observations and proposals have been provided as follows:
Observation 1: For the flow control mechanism Alt1, the amount of data could be granted in a UE level of the granularity.
Observation 2：For the flow control mechanism Alt2, the amount of data may be granted in a DRB level of the granularity. 

Proposal: It is proposed to specify Alt 1 as the flow control mechanism for UP architecture 3C.
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