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1 Introduction

This contribution discusses a hybrid relay combined with L0 (repeater) and L2 (decode-and-forward, DF) relay modes. The hybrid relay uses DF mode or repeats the signal directly under control. For relay is desired to improve capacity and coverage in LTE-Advanced, the hybrid relay provides more flexible and efficient relay mode, according to different scenarios, CQI or latency limitation.
2  Discussion

2.1  Classification of Relays

In [1], relays are categorized into 4 types as follow:

L0 relay:    RF repeater

L1 relay:    Amplify and forward in baseband.

L2 relay:    Decode and forward

L3 relay:    Self-backhauling

L0 relay
L0 relay, or called repeater, is handling and forwarding RF signal directly. Considering about related hardware performance, RF filter operation delay can be controlled within several ns or at most 1us. The signal relayed by Relay Station (RS) may be introduced some group delay, which is less than 2 us comparing with the original signal. Therefore, the relay signal delay can be involved in CP according to LTE frame structure. That is to say it is not necessary to assign some other resource for the relay signal, and the relay signal will be recognized as a multipath of original signal by receiver. So L0 relay forward signal within a very limited delay and there is no other resource need. 

L1 relay
Since L1 relay would do FFT/IFFT operation in order to implement frequency-selective on subcarrier level[2], while the operation delay is some 100 us, it brings several OFDM symbols delay and some other radio resource must be assigned for forwarding signal. Although L1 relay can provide some frequency diversity benefits, another resource for relay signal is in need. Without high layer assistant, L1 relay can not implement link adaptation and its improvement in system capacity is limited. 

L2 relay
The same as L1 relay, due to the DF operation delay, L2 relay introduces some delay which is beyond the length of CP, and needs some other assigned radio resources for forwarding. The operation delay of L2 relay is about 3ms, including physical layer operation which cost the most of the time, and some MAC layer operation. So, L2 relay introduces a little more delay than L1 relay, and more benefits:

· resource scheduling ability

· link adaptation on RS-UE link

L2 relay decode and re-encode the received signal and forward it, consequently, there is no noise/interference factors transmitted to next node, link adaptation may be performed individually for each hop which gives a more efficient way for resource utilization, and the improvement of SINR. In one word, L2 relay leads to more enhancement of capacity and extension of coverage. 
2.2  Application scenario for Hybrid relay mode

In [5], a hybrid relay with L1 and L2 mode is provided. The hybrid relay works on L1 mode in order to reduce HARQ process latency and avoid the congestion which may occur on L2 mode.

But according to the discussion above, L2 and L1 relay mode both have to get another resource for relay signal, for saving resource, L1 relay have no advantage comparing with L2 relay, moreover the latency decrease provided by L1 relay is less than L0 relay either. Hereby, the hybrid relay with L1 and L2 is not very efficient to improve capacity and latency than normal L2 relay. So the hybrid relay provided in this contribution can provide more flexible and efficient relay mode in order to get more improvement in capacity and latency.
According to some discussion about scenario for relay application[3,4], it is inevitable that the demand of some special scenario can not be satisfied completely by neither L0 nor L2 relay. Considered about the variational factor which may be related to signal relay mode, such as CQI, data type of UE serving, situation of RS buffer, equity of resource allocation, any kinds of simplicial relays, as L0 or L2, can not perform well on resource utilization and latency limitation at the same time. Thereby, here we introduce the hybrid relay mode combined with L0 and L2 relay, it provides for:

· capacity improving scenario

· relay mode of signal could decide on eNB or RS  
The relay mode what is about the way signal forwarding can be determined by eNB or RS, it is not only tied with what scenario RS located, but also associated with some other factors discussed above. For example, for some signal of strict latency limited and good CQI condition, the relay mode determination of this signal may be L0 mode forwarding, on the other hand, for some high QoS but latency tolerated signal, L2 mode forwarding may be more suitable.
Hereinafter some application of hybrid relay is discussed:

RS located a distance from eNB for serving the UEs which are in vicinity of cell edge. In this condition, RS forward the UL signal received from UE to eNB in L0 mode, it could probably achieve the QoS requirements because of a good channel situation of UE-RS link. On the other hand, for DL signal from eNB, considered about the distance between eNB and RS, the signal received by RS may not have a high SINR, and then RS would decode and forward the signal in order to achieve the SINR target of UE. Therefore, the RS uses hybrid relay mode to provide service for cell-edge UE by repeat UL signal to eNB and DF DL signal to UE. 

In almost every scenario RS allocated, UE may have some type of service in a strict latency limitation, as VoIP. For this type of signal, if RS decode and re-encode the signal, and then forward it on assigned resource, the operation delay may exceed the limitation. In that case, L2 relay can not forward the signal in time, while L0 mode should be chose to implement this kind of service. Considered about hardware design, signals which determined to forwarding in L0 mode may be scheduled onto some dedicated resource. It facilitates hybrid RS hardware implement, and meanwhile decreases some indicator cost from eNB to RS.   

Examples provided above is to explain the usage of hybrid relay, which are just some of many possible scenarios fit for hybrid relay. 

For farther development, hybrid relay is not only suitable for achieve target of SINR or latency limitation of relay signal, but also can use link adaptation to make a more improvement in capacity and resource utilization.

3 Conclusions 

This contribution discussed a hybrid relay combined with L0 and L2 relay modes, it provides a flexible operation to forward the desired signal based on several factors, as CQI, data type of UE serving, situation of relay node buffer, equity of resource allocation. By choosing a suitable relay mode which may decide by eNB or RS, it can ensure the achievement of requirements of relay signal and make some improvements in capacity and resource utilization.
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