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1
Introduction
At RAN2-66bis meeting, the flow control mechanism for Type-I relay is discussed in [1], where it is proposed that flow control is needed on the DL-Un interface, but no detailed solution is proposed. 
In this contribution, we propose three options regarding with the flow control on the DL-Un interface for Type-I relay. And our preferences are also presented.
2
Discussion
With the introduction of RN, the Uu and Un interfaces keep relatively independent, that is to say, the eNB might not know the Uu interface condition. Though the eNB is aware of the RN situation based on the RN capability and the RLC status report, it does not know the UE side buffer status of the RN. Therefore, if the eNB keeps successfully transmitting DL data to the RN while the Uu interface is congested, the RN will start dropping packets that it can not handle. If it happens, the eNB would retransmit the dropped packets and again the RN drops them. Thus, the RN load is increasing, radio resources are wasted, and TCP slow start will occur. Therefore, a flow control mechanism is needed on the DL-Un interface.
2. 1 Basic procedure

In order to solve the problem addressed above, it is vital to design one mechanism for the RN to notify the eNB to implement flow control. Just as Fig. 1 shows, when the RN is aware that the Un interface is congested and the data packets are to be dropped, the RN sends the flow control message to the eNB. Afterwards, the eNB could reduce or even stop transmitting the DL traffics of the best-effort radio bearers to the RN based on this message, and use the freed resources to serve other UEs or RNs. 
In the following sections, several possible flow control messages transferred on the Un interface are discussed.
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Fig. 1 Flow control on the Un interface

2. 2 Possible options
2. 1. 1 Option 1

In this option, a new RRC signalling message, e.g., RN capability transfer, is defined. Depending on the level of buffer status, the RN capability transfer message is sent to the DeNB, within which the RN-dynamic-capability identifies the total layer 2 buffer size available in the RN. Based on this message, the eNB may reduce the volume of data sent to the RN. However, it would introduce large overhead and long latency by using RRC signalling.
2. 2. 2 Option 2
In this option, the MAC control solution is employed due to its finer granularity, speed and low overhead. When the RN is aware that the packets are to be discarded, it sends back a MAC control element to the eNB to indicate the suggested traffic reduction level. One example of this MAC control element format is depicted in Fig. 2, where the data rate reduction factor indicates the reduction of DL traffic e.g., by 10%, 50% etc. Then the eNB could react by reducing the DL data rate based on the QoS requirements of the type of radio bearers. 

This option could effectively prevent the RN from the overload situation and has many advantages. Specifically, on the one hand, the MAC control solution has good granularity, small overhead since it is incurred only when flow control is triggered. Further, this option does not require the eNB to identify the data traffic of those UEs served by the RN, which could simplify the relay architecture design. 

However, it may incur relatively bad throughput and low efficiency of radio resources usage. The reason behind is that the eNB would abruptly reduce all the DL traffic rate of the UEs served by the RN, while actually only one UE or some UEs cause the congestion.
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Fig. 2 An example of Flow control MAC control element
2. 2. 3 Option 3
Similarly as mentioned above, the MAC control solution is employed here too. The difference is that the flow control MAC control element indicates the data rate reduction of the UE which is congested, instead of indicating the data rate reduction level of the RN. In this way, the eNB could effectively modulate the DL traffic of the particular UE (UEs) which is (are) congested, and keep the smooth traffic flow but at a reduced rate, rather than abruptly reduce all the traffics of the RN. This option requires that the eNB identify the data traffic for those UEs served by the RN.
One such format of flow control MAC control element is given in Fig 3, where Flow Control Element is composed of UE-ID and data rate reduction factor. The UE-ID identifies which UE served by the RN is congested, and data rate reduction factor indicates the reduction of DL traffic rate of the UE. When the RN is aware that resources are so low that packets are to be dropped, the RN makes estimation on which UE is in congested condition, and which level of rate reduction of this UE based on the buffer status, RLC status report and UE capability etc. Afterwards, the RN sends the flow control MAC control element in the format as in Fig 3 to the eNB. After the eNB receives the MAC control element, it could reduce the DL rate of the best-effort radio bearers corresponding to this UE, and use the freed resources to serve other UEs or RNs. 
Furthermore, in [2], DL flow control is suggested to be standardised in LTE Release-9 and it is still under discussion. If flow control is used on the Uu interface, when the RN receives the flow control message from the UE, it would reduce the data rate corresponding to the UE. However, the eNB is not aware of this situation and would keep transmitting packets which would possibly be dropped at the RN. Therefore, in order to improve the efficiency of radio resources, it requires not only the RN to reduce the data rate of the particular UE, but also the eNB to do so. In this case, the basic procedure of flow control is given in Fig 4. The UE sends a flow control MAC control element in a similar format as in Fig 2 to indicate the rate reduction level. Then the RN sends the MAC control element in the format shown in Fig 3 to the DeNB to indicate which UE is requesting rate reduction and the level of rate reduction. Then the eNB could modulate the DL traffic of the UE properly, and use the freed resources to serve other UEs. Note that it is up to the RN to decide when to send the MAC flow control to the eNB and whether the level of data rate reduction on the Un interface is same as the one on the Uu interface or not. 
Compared with option 2, option 3 offers the following benefits.

· Higher throughput, since the eNB only allocates less or no bandwidth to the UE that causes the congestion, rather than to all the UEs served by the RN. And the eNB could use the freed resources to serve other UEs.

· Finer granularity of flow control since the eNB could control the data rate reduction level of only those UEs in congestion state.
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Fig. 3 an example of Flow control MAC control element
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Fig. 4 Flow control procedure in case flow control exists on the Uu interface

3 Conclusions
In this contribution, we discussed the flow control mechanism for Type-I relay on the DL-Un interface, and gave three possible options. We propose the following:
Proposal 1: MAC control element is employed for flow control over Un interface.

Proposal 2: RN may indicate to the eNB the data rate reduction level of itself or of specific UEs that cause the congestion using the flow control MAC control element.
4 Proposals
[1]. R2-093687 “Flow Control in Relay Node”, LG Electronics Inc
[2]. R2-094061 “DL Flow Control in LTE”, Qualcomm Europe, Fujitsu, HTC, AT&T
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