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1 Introduction
In last meetings, the DL flow control mechanism over Un interface for Type-I relay is discussed in [1][2], but no final conclusion is drawn. Prior to making the decision, the benefit and complexity incurred by each mechanism should be fully analysed. In this contribution, we investigate the possible flow control alternatives and analyse their benefits, signalling requirements and complexity. The analyses are shown for the architecture alternative 2, which is the relay architecture agreed for Rel-10. 
2 Discussion
With the introduction of RN, the Uu and Un interface 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 link is congested, the RN will start dropping packets that it can not handle. TCP applications will react to the packet dropping by reducing the send rate. 

If flow control mechanism is employed, the data can be buffered at the eNB and in case of a Uu link congestion, the eNB can drop packets. As the packets are dropped at the eNB, this could save the Un radio resources which would have been used to transmit the packets and dropped at the RN. The packet drop at eNB will trigger the TCP rate reduction. However, the saving of Un radio resources comes with the additional signalling requirement and hence the increased complexity. The required signalling and complexity depend on the exact flow control mechanism used, therefore, the complexity and signalling requirement should be assessed considering details of the flow control mechanism. 

A number of different options can be envisaged for downlink flow control over Un interface. There are “per RN flow control”, “per RN RB flow control” and “per UE flow control”. The signalling requirement and complexity of  each option are analysed below.
2. 1 Per RN flow control
In this option, when the RN is aware that the Uu link is congested and the data packets are to be dropped, the RN sends the flow control message to the eNB. Upon reception of the flow control message, the eNB reduces the amount of data transmitted to the RN. The DeNB will use the ARP of the bearer in the congestion scenario to control the amount of data transmitted over the Un interface. The data from low ARP may be dropped or even the entire transmission may be stopped for low ARP bearers over Un interface.
However, only few or several UEs may have been congested on Uu interface. And those congested UEs may not have data bearers mapped on to the Un bearer which has the lowest ARP. The dropped packet at the DeNB may belong to the UEs with good Uu link hence affecting the UEs with good Uu link. If no flow control is employed on Un interface, the data can be dropped at the RN considering the congested Uu link, hence only the UEs with bad Uu link is effected. Therefore, “per RN flow control” may incur relatively bad overall throughput and low efficiency of the radio resources usage.  Therefore, the overall gain seen from “per RN flow control” may not be significant. 
2. 2 Per RN RB flow control

In this option, the RN indicates the eNB of the RN RB which is congested. Afterwards the eNB could reduce or even stop transmitting DL traffics corresponding with the RN RB. RN bearer aggregates a group of UE bearers from different UEs. The some of the UEs who has bearer mapped onto the same RN bearer may not be experiencing congestion on the Uu interface. Therefore, “per RN RB flow control” also has similar disadvantages as “per RN flow control”. Therefore, the gain seen from “per RN RB flow control” may not be significant when the overall throughput of the system is considered.

2. 3 Per UE flow control
In this option, the RN sends explicit message to DeNB indicating which UE(s) served by RN is congested. Based on UE indication, the eNB could control the data transmission to these congested UEs. Compared with per RN flow control, this mechanism offers better throughput since the eNB controls the data transmission to the congested UE. rather than to all the UEs served by the RN. 
However, “Per UE flow control” requires that the DeNB manages per UE data buffers at the DeNB. In addition, the RN requires to signal flow control per UE. If a large number of UEs is served by the RN, the overhead incurred from per UE flow control may be significant. Moreover, as the UE identity is not visible to the MAC layer at the RN, MAC layer signalling (MAC control element) may not be suitable for “per UE flow control” instead a RRC signalling may be required. Thus, “per UE flow control” increases the complexity of per UE buffer management at the DeNB and also may increase the signalling overhead. Therefore, the gain seen from “per UE flow control” may not be significant when considering the overall system performance. 

3 Conclusion and proposal
In this contribution, we discuss the flow control mechanism for relay on the DL-Un interface. Three different options are analysed for flow control: “Per RN flow control”, “Per RN RB flow control” and “Per UE flow control”. The system performance of the use of flow control depends on the flow control option employed. Therefore, the gain in terms of the system throughput and complexity considering the required signalling are investigated for all three possible flow control options.  
Proposal: RAN2 is requested to take into account the investigation in this contribution in deciding on whether downlink flow control is needed on Un interface.
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