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1.
Introduction
At RAN2#66bis meeting, the need for flow control mechanism in Relay Node was discussed [1], and most companies expressed their view that a mechanism is needed (at least) in DL-Un interface. However, no further discussions have been made, e.g. on target, location, and granularity.

This paper discusses various alternatives for flow control mechanism in DL-Un interface. For the discussion, per QoS mapping between Uu RB and Un RB is assumed [2].
2.
Target of flow control
First of all, it should be decided what the target of the flow control is. The four possible targets are Uu RB, UE, Un RB, and RN. Depending on the target of flow control, required information in feedback signalling could be decided.

2.1 Per Uu RB flow control

The finest level of flow control is per Uu RB flow control. That is, the traffic is controlled per each RB of UE. This type of flow control is needed especially when the DL buffer of UE side in RN is managed per Uu RB. For the RN to inform DeNB that a specific Uu RB is congested, the RN should provide a UE ID and a RB ID in the feedback message.
A simple example is given in Fig.1. The UE side of RN has DL buffers for each RB, and one of them (RB1 of UE1) suffers from congestion. In this case, the RN informs to DeNB through feedback message that RB1 of UE1 is congested. Then, the DeNB would reduce the traffic of RB1 of UE1 in the UnRB1.
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[Fig.1] Example of per Uu RB flow control
2.2 Per UE flow control

If the RN manages DL buffer of UE side per UE, then the congestion could occur for a specific UE. The RN then informs DeNB that the UE is congested, and the DeNB would reduce the traffic of all RBs that belong to the UE. In the feedback message, only the UE ID is included.
An example is shown in Fig.2, where the UE1 is congested, and the DeNB reduces traffic of RB1 and RB2 of UE1 in the UnRB1 and UnRB2.
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[Fig.2] Example of per UE flow control

2.3 Per Un RB flow control

For a per QoS bearer mapping, it is possible that the RN manages DL buffers per QoS of RBs. Since a QoS level is mapped to a single UnRB, flow control per QoS is same as flow control per UnRB. The feedback message may need to contain the ID of UnRB that suffers from congestion if the affected UnRB is not directly identified by the feedback message. When the DeNB receives a feedback message, the DeNB would reduce the traffic of RBs that are multiplexed in the UnRB. 
In the example of Fig.3, the UnRB1 suffers from congestion. In this case, the RB1 of UE1 and the RB1 of UE2 are affected.
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[Fig.3] Example of per UnRB flow control
2.4 Per RN flow control

If the DL buffer of RN is dynamically shared by all RBs, all RBs under the RN feel congestion in the overload situation. In this case, the DeNB should reduce traffic of all UnRBs transmitted to the RN. Since the congestion is indicated as a whole RN, only identification of RN is needed (either implicitly or explicitly) in the feedback message. Fig.4 shows the example of per RN flow control.
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[Fig.4] Example of per RN flow control
2.5 Proposal for target of flow control
If any one of Uu RB under RN is congested, the RN also feels congestion, and the RN has to alleviate this situation by one of above four flow control methods. Though all four methods can be a remedy, we think it’s not preferable to give pains to other RBs than the criminal RB. For example, if the RB1 of UE1 is congested, it would be better to reduce the traffic of that RB rather than other RBs from the DeNB. Among four methods, the addressed issue is only supported by per Uu RB flow control method. Thus, we propose;
Proposal1) Flow control in DL-Un interface is performed per Uu RB

3.
Location of flow control
Theoretically, all five protocol layers in Un interface can perform flow control. The protocol layer of flow control is responsible for sending feedback information to DeNB.
· RRC by RRC signalling
· PDCP by PDCP Control PDU

· RLC by RLC Control PDU

· MAC by MAC Control Element
· PHY by Physical Control Channel

Which layer is the best place depends on the target of flow control. 
For the per RN flow control, MAC or PHY would be the best place because the MAC and PHY are common for all UnRBs. Between MAC and PHY, MAC would be better because MAC CE could be easily defined.
For the per UnRB flow control, PDCP or RLC would be the best because PDCP and RLC are established per UnRB. Between PDCP and RLC, PDCP would be slightly better because PDCP Control PDU could be transmitted even with RLC UM. However, the benefit is not significant as the traffic through RLC UM is usually not much.
For the per UE flow control, it is difficult for Un Layer2 to identify and control all flows in UnRBs that belong to a specific UE. Thus, the best place would be RRC. The RRC of RN sends feedback information (i.e. which UE is congested) by RRC message, and the RRC of DeNB controls the traffic that belongs to the specific UE by giving order to the related functional entities.
For the per UuRB flow control, RRC is the best for similar reason as the per UE flow control. However, since only one flow is affected, PDCP could be a second candidate for UuRB flow control. As a UuRB is associated with a UnRB, the PDCP in RN of affected UnRB could send feedback information, and the PDCP in DeNB could control the affected UuRB.
Depending on the target of flow control, we propose four alternatives;
Proposal2-1) MAC performs per RN flow control
Proposal2-2) PDCP performs per UnRB flow control
Proposal2-3) RRC performs per UE flow control
Proposal2-4) RRC or PDCP performs per UuRB flow control
4.
Granularity of flow control
Two types of granularity could be considered in flow control;
· On/Off flow control (Digital-wise)

· Gradual flow control (Analog-wise)

In On/Off flow control, when a RN feels congestion, it sends an indication to DeNB to suspend the data transmission. After the congestion is alleviated, the RN sends another indication to DeNB to resume the data transmission. As the indication could be transported by a single bit, this method is simple and has less overhead.

In gradual flow control, it is possible that the RN controls the amount of DeNB’s transmitting traffic. For this purpose, more than one bit should be used for indication. The RN sends an indication containing the amount of data that can be transmitted from DeNB, and the DeNB reduces or increases the amount of data according to the indication. The more bits are allocated, the finer granularity it can support.
Between the two types of granularity, we prefer On/Off flow control because we think it’s enough for Relay operation. Unless gradual flow control shows much gain, we want to have a simple mechanism.
Proposal3) On/Off flow control is used for DL-Un interface
5.
Conclusions
This paper discusses detailed aspects of flow control in DL-Un interface. We propose following for stage 2 discussion.
Proposal1) Flow control in DL-Un interface is performed per Uu RB

Proposal2-1) MAC performs per RN flow control
Proposal2-2) PDCP performs per UnRB flow control
Proposal2-3) RRC performs per UE flow control
Proposal2-4) RRC or PDCP performs per UuRB flow control
Proposal3) On/Off flow control is used for DL-Un interface
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