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Introduction 
During RAN2#83bis meeting, it was agreed that 1A and 3C will be continued for further investigation. Flow control is important for 3C to achieve the performance gain, as shown in Fig 1. Without flow control, the flexible traffic adaption to the resource availability/long term radio conditions in different cells, e.g, macro cells and small cells, may not be achieved, thus significantly mitigating the throughput enhancements. 


Figure 1: Alternative 3C
In this contribution, we will discuss the advantages and disadvantages of several options of push-back flow control for alternatives 3C.
Discussion
Flow control is applicable when the offloading small-cell eNB (SeNB) become congested, i.e. cannot fulfil the offloading bandwidth requirement e.g. due to radio link degradation causing the downlink buffer to grow. Note that a SeNB can be the offloading cell of different MeNBs and these MeNBs may not communicate each other. In addition, a SeNB can also be an independent eNB that serves non-offloading UE which is not known by the controlling MeNB. This may cause the small cell becomes overloaded with many UEs.   
When this happens, a mechanism is needed to allow the SeNB to inform the MeNB about the data congestion so that proper actions could be taken by the MeNB. For example, the MeNB may offload the data to a different small cell if it is available or the MeNB will offload only delay tolerant traffic to the congested small cell and to transmit by itself the delay sensitive traffic or to offload this delay sensitive traffic to a non-congested small cell.  
Alternatives 3C may require flow control between the MeNB and offloading SeNB, allowing the SeNB to stop or reduce the offload flow from the MeNB. The entity that distributes the data flow (e.g. distributor) to MeNB and SeNB should receive flow control indication from the SeNB that receives the offload data, if the buffer is overloaded. Then the distributor will control the amount of offloading for that particular SeNB. The distributor may also solicit the SeNB to send the buffer status.
The flow control indication may also be used to inform when the congestion eases and the buffer is no longer overloaded. The distributor may use this information to increase the offloading to the small cell.   
The indication may be based on per E-RAB UE flow control, per E-RAB group based flow control, per UE based flow control or per small cell based flow control

Per E-RAB UE flow control
SeNB sends a flow control indication to the macro-eNB when a buffer associated with a UE’s E-RAB is above a pre-configured upper threshold or below a pre-configured lower threshold, to decrease or to increase the offloading from the MeNB, respectively. In this per E-RAB per UE case, the SeNB sends the flow control indication based on the buffer condition of a particular E-RAB of a particular UE, so the MeNB can slow down the offloading of the congested E-RAB of that UE. The MeNB may configure the flow control indication for only a subset of the E-RABs of a UE offloaded to the SeNB. 


Figure 2: Per E-RAB UE flow control
Figure 2 shows the flow control controls the amount of data in one E-RAB between the MeNB and SeNB. This option allows one E-RAB to be distributed to MeNB and SeNB. It is flexible offloading scheme to fully utilize the available resources in MeNB and SeNB but the UE may need a large buffer to accommodate out of order frame belongs to the same E-RAB delivered through MeNB and SeNB.    

Per E-RAB group UE flow control
The E-RABs could be grouped based on e.g. similar QoS profiles.  For example, all GBR E-RABs of a UE may be grouped as one group while all non-GBR E-RABs of a UE are grouped into another group. Similarly, SeNB sends a flow control indication to the macro-eNB when a buffer associated with a UE’s E-RAB group is above a pre-configured upper threshold or below a pre-configured lower threshold, to decrease or to increase the offloading from the MeNB, respectively. The grouping is done within one UE. In this per E-RAB group per UE case, the SeNB sends the flow control indication based on the buffer condition of a particular E-RAB group of a particular UE, so the MeNB can slow down the offloading of the congested E-RAB group of that UE. The MeNB may configure the flow control indication for only a subset of the E-RAB groups of a UE offloaded to the SeNB.


Figure 3: Per E-RAB group UE flow control
Figure 3 illustrates that DRB1, DRB2 and DRB3 belong to the same group in a UE. The flow control indication is sent not based on the individual DRB but based on the buffer condition of the E-RAB group. This option allows an E-RAB group to be distributed to MeNB and SeNB. It allows the SeNB to maintain the buffer status per E-RAB group and to report based on that buffer status per group, which reduces the amount of the flow control signalling. 

Per UE based flow control
In this per UE based flow control, the flow control may be done at a per UE basis. The flow control indication is sent to the MeNB when one or multiple E-RABs transmission buffer in the small cell associated to a UE is above a pre-configured upper threshold or is below a pre-configured lower threshold. 
If the buffer size can be flexibly allocated among different QoS, so the flow control can be based on the total buffer for all DRBs regardless of the E-RAB group, this scheme may further reduce the amount of the flow control signaling over the backhaul.  

Per SeNB flow control
A SeNB may provide an indication to the MeNB when a congestion condition occurs or is about to occur in the SeNB. The congestion may be in the form of transmit buffer above a certain threshold or excessive packet drops in the small cell. A flow control indication can also be sent when congestion is relieved such as the buffer drop below a certain threshold or the number of packet drops is below a certain threshold. When a MeNB receives the indication, it may decide not to offload to the small cell, to reduce or to increase overall offloading for all UEs. If there is an on-going offload in the SeNB, the MeNB may decide to cancel the offload and direct the UE to another small cell if available or take the UE back to the macro-cell.
A collective transmit buffer condition for all UEs is one way to measure the buffer condition. If this collective transmit buffer can be flexibly partitioned among the UEs in the SeNB, it may further reduce the amount of the flow control indication over the backhaul, but this scheme does not have the granularity of each UE. In case of congestion, it may sacrifice UEs that don’t have overflow individual buffer, which should be retained in the SeNB for offloading purpose but either switched to other SeNB or the offloading is decreased.   

[bookmark: _Hlk284783292]Conclusion 
 Table 1 below summarizes different options discussed above
Table 1: The advantages and disadvantages of different flow control options
	Flow control options
	Advantages
	Disadvantages

	1. Per E-RAB UE Flow Control
	Each E-RAB can be controlled
	May generate a lot of flow control signaling;  

	2. Per E-RAB group UE Flow Control
	Less flow control signaling since it is generated for a group of E-RAB that has the same characteristic, e.g. the same QoS
Buffers are grouped based on similar characteristic requires less number of buffers to monitor
	May loose the control granularity of  individual E-RAB

	3. Per UE Flow Control
	Further less flow control signaling 
	May require a flexible UE buffer management to adjust the size of different E-RAB buffer, so that flow control signaling can be based on a UE overall buffer 
May loose the control granularity to control the flow of individual E-RAB

	4. Per SeNB Flow Control
	least flow control signalling among all options
	May require flexible buffer management for all UEs , that may prevent differentiation of different class of UE subscription 



From the caparison, we slightly prefer the Per E-RAB group UE Flow Control or per UE flow control, which may generate less flow control signalling while still maintaining the flow control benefits. 
Reference
[bookmark: _GoBack][1] RAN2-83bis Chairman Notes
[2] R2-132225 “TP for U-Plane Alternatives,” Nokia Siemens Network (Rapporteur) 
image2.emf
Flow

Control

Buffer

Monitor

Buffer

Buffer

DRB

MeNB

SeNB


Microsoft_Office_PowerPoint_Slide1.sldx
Flow

Control



Buffer

Monitor

Buffer

Buffer



DRB



MeNB

SeNB







Mene sena






image3.emf
Buffer

Monitor

Buffer

Buffer

DRB1

MeNB

SeNB

DRB2

DRB3

Flow

Control


Microsoft_Office_PowerPoint_Slide2.sldx










Buffer

Monitor

Buffer

Buffer



DRB1



MeNB

SeNB

DRB2

DRB3

Flow

Control









Mene sena






image1.emf
MeNB

PDCP

RLC

MAC

SeNB

PDCP

RLC

MAC

S1

Xn

RLC

MAC


oleObject1.bin
MeNB


PDCP


RLC


MAC


SeNB


PDCP


RLC


MAC


S1


Xn


RLC


MAC



