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1. Introduction

In a LTE-Advanced system, deploying relay nodes (RNs) is a very promising collaborative communications solution. Apart from the main goal of coverage extension, enabling relaying in a cellular network can also help in the provisioning of high data rate coverage in high shadowing environment (e.g. indoors) and hotspots, reducing the deployment costs of cellular network, prolonging the battery lifetime for user equipments (UEs) and generally saving power by reducing the overall transmission of cellular networks and enhancing cell capacity and effective throughout. 

Two types of RNs have been defined in LTE-Advanced standards, Type-I (or non-transparency to eNB) and Type-II (or transparency to eNB). Specifically, a Type-I RN can support a remote UE to access the eNB, and its main objective is to extend signal and service coverage. Type-I RNs mainly perform IP packet forwarding in layer 3. On the other hand, a Type-II RN can help a local UE, which is located within the coverage of an eNB and has a direct communication link with the eNB, and its main objective is to increase the overall system capacity.

Many relay schemes have been proposed, the well-known amplify and forward (AF) and decode and forward (DF) protocols are the most prominent among them. And relaying can be realized at the different layers of the protocol stack. A simple AF relaying can be realized at the Layer1 of the protocol stack. Layer 2 RNs, which include the protocol stack up to the MAC/RLC layers. Layer 3 RNs could almost be considered as wireless eNBs and support all the protocol layers of normal eNBs, except that they will not require an expensive backhaul as in a normal eNB (i.e. the backhaul between the RN and the eNB will be based on the LTE air interface instead of microwave or wired interface). The DF protocols can be implemented at Layer 2 or Layer 3, and allow for a more flexible and transmission than AF at the expense of a slightly increased complexity.

To improve the throughput even further, MU-MIMO is utilized for the LTE-Advanced system and the multiuser diversity gain ban be obtained by the randomness of fading since there are a large number of UEs in cellular system. It is widely accepted that the system performance enhanced by MU-MIMO would be limited only to stationary users. For that reason, a relay-assisted MU-MIMO downlink system is presented by placing a MIMO relay on a vehicle that users are transported. Thus, two asymmetric links are created. Note that RNs should receive data from eNB before forwarding data to its serving UEs since RNs are not connected to the wired networks. Thus, the downlink data transmission is divided into two hops having different channel states: eNB-RN and RN-UE link. In this proposal, we present an approach with hybrid MIMO mode using a DF policy for the asymmetric relaying channels, and link balancing scheme is investigated for the transmission system. It is able to support high speed wireless access, i.e. the group mobility, and is more suitable to LTE-Advanced standard.

2. System Model
The relay-assisted MIMO downlink for mobile users is shown in Fig. 1. Without loss of generality, both eNB and RN are equipped with
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 receive antennas, whereas each UE has
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 transmit antennas. The RN is installed at a mobile vehicle, such as the train, the plane and so on, thus the high speed group mobility can be achieved, and U active user can be accessed the RN.
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Fig. 1 Relay transmission model
2.1.  Asymmetric Channel

For the proposed transmission system, the eNB-RN and RN-UE links have radically different characteristics. The channel response of the eNB-RN link(Un) significantly varies over time while that of the RN-UE link(Uu) is almost stationary. In addition, because of their proximity, the channel gain of the RN-UE link is very high, compared to the eNB-RN link. 

Considering the eNB-RN channel suffer serious fast fading and shadowing, robust transmission mode is more suitable for the eNB-RN link to reduce the feedback overhead, such as TDM/FDM transmission or robust MIMO mode ie. Open Closed SU-MIMO. In case of Open Closed SU-MIMO mode, we can employ open loop (OL) spatial division multiplexing (SDM) to improve the system throughput, or allow transmit diversity (TD) to enhance transmission robustness. SU-MIMO has the restriction that only one UE can be scheduled over the same time-frequency resource across all spatial streams. For the relatively static channel, MU-MIMO or close loop (CL) SU-MIMO can be adopted for the RN-UE link, and it offers greater flexibility that different UEs can be scheduled on different spatial streams over the same time-frequency resource.

2.2. Link Balancing
For the conventional dual-hop DF transmission system, every end-to-end transmission interval between source and destination is subdivided into two different time duration of equal length, i.e., 
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. During the first transmission duration, the eNB takes a number of data packets of fixed size from its input buffer, encodes and modulates the corresponding bits and then transmits them to the RN. Thereupon, the RN tries to demodulate and decode the received signals and puts the successfully recovered packets into a buffer. Packets which could not be successfully decoded, in contrast, simply are dropped, and their retransmission, will have to be taken care of by higher layers. During the second transmission duration, the RN then takes a certain number of packets out of its buffer, encodes and modulates them appropriately and finally transmits them to the UE. The time flow of the dual-hop transmission is depicted in Fig. 2.
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Fig. 2 Time flow of dual-hop transmission
The fixed transmission time of both hops has the disadvantage which doesn’t reflect the difference of dual hops, therefore, the achievable data rate is limited by the worse channel state between two hops, and the wireless resources of the hop with better channel state will be underutilized. To prevent this waste of wireless resources and compensate the asymmetry of two hops, firstly, the link balancing scheme which can make the dual hop transmission link match each other by adjusting the ratio of transmission time of two hops is investigated in [2] and can be described as follows. 
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are the time duration of eNB-RN, RN-UE link respectively, 
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is the transmission data rate of Un and Uu link respectively. It is clear that the link balance can be achieved when the throughput of eNB-RN link is equal to the RN-UE link as shown below.
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Let
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is the transmission duration of eNB-UE link, 
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denotes the ratio of the eNB-RN transmission time to the eNB-UE duration. When 
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that is common in relay-aided networks, the maximum data rate of an UE is limited by the minimum of two data rates on eNB-RN and RN-UE channels. However, if
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can be adjusted, it is possible to complement the difference between those data rates. If there is only one RN under the eNB, we can get
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Thus, 
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for the maximizing is determined as follows.
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A scheduling scheme that allocates the wireless resources based on proportional fairness and adjusts the transmission time of each hop is presented in [2], but if there are more than one RN under specific eNB, the time domain scheduling will be very complex. And in practice, under considering the fairness within different RNs, the backhaul time domain resource (subframe) is always limited. So we must to consider the other scheduling to achieve link balance.
2.3 Mode Switching

Moreover, OFDMA systems including IEEE 802.16j does not allow using different transmission time of two hops on each subchannel. Therefore, we expect to implement link balancing by switching the spatial transmission mode with chucks adaptation. The chunks refer to the physical resource blocks (PRBs) which is the basic scheduling unit in LTE and consists of a number of consecutive OFDM subcarriers. Chunks based adaptation and user multiplexing is most often referred to as frequency domain packet scheduling (FDPS) in LTE standard. It is shown that the FDPS can reduces the signal overhead and achieve up 40%~60% cell throughput gain over time domain only scheduling for 1x2 antenna and MRC receiver by exploiting the multiuser diversity both time-frequency-spatial domain. The allocation of PRBs to UEs is determined by the eNB scheduler together with the modulation and coding set.
For the proposed link balancing scheme, the transmission mode of RN-UE link is switched among different transmission mode, including TDM, FDPS and MIMO mode, but the most preferred scheme is MIMO mode switch. The flow chart of link balancing approach is shown in Fig.3. In different MIMO modes, the user throughput is estimated by using a SINR to supportable throughput mapping table based on the channel quality indication (CQI) reported for the individual PRBs for each user. Afterwards we decide the MIMO mode of RN-UE link whose throughput is most comparable to the throughput of eNB-RN link.
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Fig. 3 Flow char
By far, stationary RN are discussed in details, but RN with high mobility has been less touched. In this proposal, we have proposed link balancing scheme based on MIMO mode switching for the presented high speed wireless access system via two hop MIMO relays, and analyzed the capacity of different MIMO transmission scheme. From the above studies, we can conclude that the relayed MIMO system can support group mobility and the link balancing method is able to further enhance the system performance.
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