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1. Introduction 
This contribution discusses the flow control function over X2 for Dual connectivity. Certainly, this applies only for the U-Plane architecture 3C which is the split bearer option as described in baseline stage 2 CR [R2-140906].
2. Discussion
In UMTS flow control over Iur was coming from DSCH where the resource in DRNC will be requested and shared over several its neighboring RNCs. This flow control was also introduced for HS-DSCH. The flow control is for minimizing or avoiding buffer overflowing that may cause SDU data dropping during the data flow communication. In UMTS, the downlink and uplink flow control have been introduced. The following subchapters discuss the flow control over X2 for dual connectivity.

2.1 Downlink Flow Control function for DC over X2 
The flow control function over X2 for DC will be for the SeNB to claim e.g. its resource limitation or allowance and control of the user data flow over X2 for DC.  
Considering that the SeNB will need its own resource when it serves as serving eNB for its UE, and in addition share resource to MeNB, the downlink flow control function over X2 for DC will have benefit for minimizing or avoiding buffer overflowing that may cause SDU data dropping. In fact, the gain has been studied in study item phase and concluded that the flow control is used from SeNB towards MeNB (refer TR36.842 subclause 8.1.1.11).
Note that the admission control in SeNB in the resource requesting is still needed.

Proposal 1: it is proposed to consider the introducing of downlink flow control function over X2 for dual connectivity.

2.2 Uplink Flow Control function for DC over X2 
In UMTS Flow Control over Iur has been introduced for downlink and uplink.  The uplink flow control was introduced for E-DCH. The motivation is similar to downlink flow control which is to minimizing or avoiding buffer overflowing in the backhaul around SRNC. Note that a SRNC may neighbor to multiple DRNC therefore the uplink flow control in UMTS was considered beneficial.
For the dual connectivity architecture 3C, it has been assumed that the backhaul in EUTRAN has enough capacity. It has been also assumed that the benefit of dual connectivity is lost when backhaul load is high, therefore it has a doubt if the uplink flow control over X2 for DC is needed.
Proposal 2: There is no need of uplink flow control over X2 for dual connectivity.
2.3 Flow Control requirements and realiazation 
The gain (of user throughput improvement) of user plane architecture 3C, has been shown in the TR36.842 based on the simulation during the study phase (refer to Table 8.1.1.11-1 of TR36.842). Its simulation assumption as in the Annex F of TR36.842 show that the Flow Control periodicity as 5ms. This will need to be considered when design the flow control over X2.
The flow control function has some way of realizations. 

Alt. 1: Congestion Indication :  SeNB will indicate to MeNB when it experiences a certain level of user plane congestion over e.g. radio. MeNB may consider reducing the sending of downlink SDU towards the SeNB.

Alt. 2: Capacity Resource Allocation: MeNB requests to SeNB the allocation of resource for the downlink SDU sending. SeNB responds with capacity that is allowed for sending. During the communication phase, the SeNB can also reduce or increase the amount of resources. The unit of the resource in this dual connectivity over X2 can be e.g. PDCP PDU. This “Capacity Resource” needs to be well defined so that it works for multivendor environment.
Alt. 3: Up/Down/Maintain command : SeNB will indicate to MeNB when the SeNB decide that the MeNB can increase or should reduce the downlink SDU towards the SeNB, by “Up” and “Down” command. If the SeNB will want the MeNB to keep the sending rate, then “Maintain” can be issued.

Alt. 4: Implicit Flow Control : If it will be agreed to introduce the successful delivery acknowledge from RLC in SeNB to PDCP in MeNB, this successful delivery could be used as flow control. Since all packets, which have been sent to SeNB, but have not been positive acknowledged will be buffered in SeNB either in the transmission or re-transmission buffer, the successful delivery indication implicitly indicate the packets are still or not in the RLC buffer, based on this, MeNB PDCP determine whether and how many more packets could be sent to SeNB, i.e. more packets could be sent to SeNB if more successful delivery acknowledge from SeNB are received.  
Considering the assumption that the architecture for dual connectivity over X2 is rather distributed, the capacity resource allocation style i.e. the Alt. 2 can be considered too much complicated and cannot satisfy the 5ms periodicity.  Congestion Indication (Alt. 1),  the Up/ Down/ Maintain command (Alt. 3) and the implicit flow control (Alt. 4) can satisfy the 5ms periodicity. We here propose to rule out the Alt. 2 first, and take either theAlt.1, Alt. 3 or Alt. 4 as a way for deeper study for the flow control procedure. 
Proposal 3: it is proposed to rule out the Alt. 2 and take either Alt. 1 or Alt. 3 or Alt.4 as a way for deeper study to realize flow control function over X2.

3. Summary and proposal.
The flow control function over X2 for dual connectivity has been discussed. 
Proposal 1: it is proposed to consider the introducing of downlink flow control function over X2 for dual connectivity.

Proposal 2: There is no need of uplink flow control over X2 for dual connectivity.
Proposal 3: it is proposed to rule out the Alt. 2 and take either Alt. 1 or Alt. 3 or Alt.4 as a way for deeper study to realize flow control function over X2.

The Annex shows the proposed text for 36.300.
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Figure 20.2.2.x-1:  Flow Control procedure

The  Flow Control procedure is initiated by an SeNB to indicate to MeNB the downlink buffer status. If the downlink buffer status is rather congested, the MeNB should reduce the sending downlink PDCP PDU to the SeNB. Otherwise the MeNB may send further downlink PDCP PDU to the SeNB. This procedure can be realized by [FFS].
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