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1
Introduction

In the heterogeneous network, relay serves as an important option due to its flexible deployment. In current TR 36.814 [1], the basic evaluation methodology for relay is agreed. It is also mentioned that relay nodes are often deployed by planning and the placement method is TBD. The contribution [2] [3] [4] [5] [7] study that relays are placed, at positions where their backhauling link is good enough considering the shadowing impact. Furthermore, the system level simulation results [3][4][8][9][10] show that backhaul link becomes the bottleneck in many cases and the situation aggravates with the number of relay nodes increasing. 
The backhaul link capacity was the limiting factor for the throughput performance improvement and further improving the backhaul link capacity would result in even higher capacity gains. However, the current solution focuses on mitigating this problem by employing the incremental sub-frame number or employing the special subframe when the frequency resource is insufficient to combat this problem. For example, the contribution [9] uses four backhauling subframes which is the maximum backhauling subframe number of TDD frame configure 2, under the arbitrary modulation and coding rate in backhaul link. It draw the conclusion that only using special subframe is far from acceptable for backhauling transmission and whether other issues exist by using special subframe is FFS. 

On the other hand, the contribution [6] proposes the range expansion technique that increases the number of UEs served by the relay to provide an overall benefit to the network. This kind of enhanced cell-selection can result in an increased coverage area for the relay node so that the benefit of Type I relay may be maximized. Meanwhile, it shows that in some cases it may not be a good idea to connect to a relay node even if it is the strongest cell especially if the relay node has a weak backhaul connection. 

Under this background, we would like to suggest an effective way towards the traffic balance for capacity improvement. It adjusts the ratio of UE access to the relay or eNB respectively to mitigate the bottleneck problem and achieve the traffic balance. 
2 Proposed scheme
The proposed scheme tunes transmission power of the relay to indicate whether the relay is in overloading situation or of light load so that the UE may acquire an effective signal strength with loading information to determine its initial access. 
We first analyze the bottleneck effect, i.e., throughput-limited case suffered by access link and backhaul link individually. Throughput that can be carried by backhaul link is limited by either the UE number of access link, i.e. access link limited, or the capacity of backhaul link, i.e. backhaul link limited.    

Case 1 : Backhaul link limited Case

If sum of throughput that can be delivered by relay is greater than the throughput that can be carried by backhaul, the overall throughput is limited by backhaul link. In this case, it means that the backhaul link will suffer from bottleneck effect. Alternatively, the relay is over loaded.
Case 2 : Access link limited case 

If sum of throughput that can be delivered by relay is less than the backhaul throughput, the overall throughput is limited by access link. In this case, the relay is of light load and more UE are encouraged to join the relay and served by the relay. 
When the backhaul link suffers from bottleneck effect, the relay should reduce the transmission range, i.e., decrease the transmission power of the relay to combat this problem as shown in Fig. 1. Instead, when access link suffers from bottleneck effect, it is suggested to expanse the transmission range, i.e., increase the transmission power of the relay to compensate or mitigate this effect as shown in Fig. 2
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Fig. 1. Reduce the coverage area when the relay is overloaded
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Fig. 2. Expanse the coverage area when the relay is of light load
In this aspect, the relay transmission power and the ensuing coverage area need to be revisited. The specification has defined some relay transmission power value. Possible solution is to add some more alternatives so that they may appear as the option for the convenience of transmission range expansion or reduction. We propose that the transmission power of a relay may be a dynamically varying value instead of a fixed value. The detailed selection of these value are FFS.
Alternatively, the access rule needs to be comprehensively considered. It should not only consider the signal strength purely, but also take into account the loading situation of the relay. The relay may tune its transmission power to indicate the overloading or light-loading situation so that the actual signal strength at UE reflects the loading status of Type I relay. In this way, the traffic may be effectively balanced and henceforth the capacity may be improved. 
Fig. 3 and 4 illustrate the UE access procedure of downlink/uplink when the relay is over loaded. Fig. 5 and 6 illustrate the UE access procedure of downlink/uplink when the relay is of light load.
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Fig. 3 The procedure of UE access when the relay is overloaded at downlink
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Fig. 4 The procedure of UE access when the relay is overloaded at uplink
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Fig. 5 The procedure of UE access when the relay is light loaded at downlink
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Fig. 6 The procedure of UE access when the relay is light loaded at uplink

3
Conclusion 

    This contribution discussed about possible solution of traffic balance for type-I relay enhanced heterogeneous network. It utilizes whether the capacity of wireless links (direct/backhaul/access) is matched to decide whether the UE needs to change its access point or not during the initial access. More specifically, we propose that the relay may tune its transmission power to indicate the overload or light load situation so that the actual signal strength at UE reflects the loading situation of Type I relay. In this way, the traffic may be effectively balanced and the capacity may be improved. 
Proposal: The transmission power of the relay may be fine tuned to indicate the overloading or light-loading situation so that the actual signal strength at UE reflects the loading situation of Type I relay. 
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