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1 Introduction
Relaying scheme is expected to support high capacity and coverage in LTE-Advanced [1]-[5]. In #54bis, some contributions have studied frame structure or time/frequency allocation for eNB-RN and RN-UE links. This contribution further discusses appropriate frame structure for relaying.
2 Possible frame structures
In previous contributions [1]-[3], two types of frame structure or time/frequency allocation for eNB-RN and RN-UE links have been implicitly or explicitly considered as follows :
· Time Division (TD) relaying : 
Different subframes are allocated for eNB-RN and RN-UE links in a frequency.

· Frequency Division (FD) relaying : 
Different frequencies are allocated for eNB-RN and RN-UE links.
We further discuss characteristics of the above frame structures. Our discussion is applicable to both uplink and downlink of all L1, L2, L3 relays in FDD systems. 

3 Discussion on frame structure 
3.1 Case of non simultaneous transmission and reception at RN
First, we discuss the case of a relay node (RN) which is not able to transmit and receive signals simultaneously. In this case, different radio resources should be allocated to eNB-RN and RN-UE links.
A. TD relaying
  In TD relay, a RN receives a signal from a UE (or eNB) in a subframe and transmits the signal using the same frequency or subband in the next subframe. Since a UE (or eNB) and a RN are usually located at different distances from the serving eNB, they create interference with different power at the neighbouring eNBs (or UEs). Consequently, a neighbouring eNB would receive time-variant interference in successive subframes as shown in Fig. 1. This time-variant interference will make it difficult to perform efficient frequency reuse between cells or inter-cell interference coordination, leading to capacity degradation. 
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(a) Uplink                                                                      (b) Downlink

Figure 1: Signal transmission in TD relaying.
B. FD relaying
  In FD relaying, a RN receives a signal from a UE (or eNB) in a subband (SB1) and transmits the signal using different subband (SB2) in the next subframe, as shown in Fig. 2. 
In case of a single RN in a cell, FD relaying may not be efficient because some RBs, i.e., blank RBs in Fig. 2, cannot be used for relaying. A possible solution to this problem is to allocate the blank RBs to a UE which communicates directly with eNB.
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Figure 2: Signal transmission in FD relaying with a single RN.

In contrast, if 2 or more RNs exist in a cell, two RNs (RN1, RN2) can transmit their received signals alternatively in successive subframes of the same subband, as shown in Fig. 3. In this case, all RBs are used for relaying efficiently. If cells have sectorised layout, a neighbouring eNB will receive more stable interference in successive subframes than in TD relaying, because UEs (or RNs) of similar distances from the serving eNB transmit their signals in successive subframes. Particularly, a neighbouring cell will not suffer from large co-channel interference in a subband of eNB-RN links in Fig. 3 (a) & (b). Therefore, our current view is that FD relay would be better than TD relaying under 2 or more RNs in a cell of sectorised layout, although the interference stability depends on UEs’ or RNs’ exact locations.
In FD relay, eNB needs to inform the RN of the frequency correspondence between Rx and Tx through control signalling or using a pre-determined rule.
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Figure 3: Signal transmission in FD relaying with 2 RNs.
C. Inter-cell interference coordination
Inter-cell interference coordination is an important aspect in a relaying scheme. Figure 4 shows an example of interference coordination in cellular systems with relaying. In Fig. 4, two adjacent cells use the same subband for eNB-RN links whilst using different subbands for RN-UE links. This structure seems to be a good radio resource allocation, considering that the RN-UE link tends to suffer from larger co-channel interference than the eNB-RN link. If small frequency reuse factor (FRF), preferably  FRF=1, can be applied to eNB-RN links, high system capacity is expected in cellular systems. Meanwhile, it is an issue for future study whether inter-cell frequency coordination of RN-UE links is practical or not.
To achieve small frequency reuse factor, it is important to maintain stable interference for eNB-RN links. From this point of view, FD relay would be more appropriate than TD relay. 
Theoretically, TD relaying with subframe reuse has equivalent performance to FD relaying with frequency reuse in time-synchronized cellular systems. However, in reality, it is difficult to control subframe reuse in time domain, because adjacent cells may not be time-synchronized and CQI reporting is on subband basis, not subframe basis. From this discussion, our current view is that FD relay would be beneficial in some situations.
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Figure 4: Inter-cell interference coordination in cellular systems with relaying.
3.2 Case of simultaneous Tx & Rx at RN

We discuss the case of RN capable of simultaneous Tx and Rx transmission. Since decoding delay is large in L2 and L3 relays, frame structure for L2 and L3 relays will not differ from Figs. 1-4. Therefore, we focus on L1 relay of short delay less than cyclic prefix duration.
· TD relaying : 

The same radio resource is allocated to eNB-RN and RN-UE links as shown in Fig. 5.
· FD relaying : 

Different subbands in a subframe is allocated to eNB-RN and RN-UE links as shown 
in Fig. 5. FD relay relaxes isolation problem between Tx and Rx.
Thus, TD relay would be advantageous in spending smaller radio resource if isolation problem is solved.  If isolation problem is severe, FD relay would be an appropriate solution. Although we discussed preliminary properties, more careful study is necessary to see practical implementations and frame design issues.  
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Figure 5: Relay transmission in case of simultaneous Tx & Rx at a RN.
4 Conclusion
From our discussion, we see that 
· FD relaying is beneficial for inter-cell interference coordination with 2 or more RNs not having simultaneous Tx & Rx transmission capability in a cell of a sectorised layout.
More discussion and analysis are necessary in future study for proper relaying frame design.
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