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1 Introduction
In the LTE-Advanced technical proposal contributions in Kansas city meeting ([1]-[11]), quite a few companies supported to have relays in LTE-Advanced either for improving throughput or extending coverage. In particular, Ericsson categorized relays into three different types according to the layers the relay operation affects [11]. The classification of the relays made in [11] is summarized in Table 1. 
Table 1 Classification of Relays
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Simple repeater. Amplify & forward Decode & forward Self-backhauling.
No standard issue. = Adv. repeater / IP relaying.

- For both throughput and coverage improvement - For coverage extension

- Low overhead - No need for PHY/MAC spec change

- Require PHY/MAC spec support - Higher signaling overhead due to X1/52 interface




Among different types of relays shown in Table 1, our view is to focus on L2 and L3 relay to fully exploit the benefits of relaying and to meet the aggressive targets in LTE-Advanced. In addition, to define the operation of relays in LTE-Advanced, we need to make decisions on different alternatives related to various aspects of relaying schemes. Below, we summarized our view on different alternatives:

1. We prefer two hops to more-than-two hops. Even though more-than-two hops can potentially give a better coverage extension, the signalling overhead required for enable more-than-two hops may not be tolerable.

2. We have a preference on distributed scheduling over centralized scheduling. Giving relay flexibility to schedule bandwidths for transmissions through itself, different quality of services can be fulfilled.
3. We are fine with both transparent and non-transparent relaying mode. We think that there are cases where it is beneficial for UEs to know the existence of relay devices for further improving the throughput performance, while there are some other instances in which it is more desirable for the UE not to know the existence of relay devices for reducing signalling overhead.

4. In L2 relaying schemes, a relay device can be either half-duplex or full-duplex. Half-duplex relays are more obvious choice, but we would like to consider the possibility of utilizing full-duplex relays as well. 

5. We would like to support multiple antenna at relays so that relays can help eNodeB’s and UE’s in various antenna configurations.

From Chapter 2 and on, we introduce a candidate technology for LTE-Advanced relaying, which can be categorized into L2 relaying scheme: subcarrier-division-duplex (SDD) relaying and an application of network coding in SDD relaying.
2 TDD Relaying vs. SDD Relaying
Subcarrier division duplex (SDD) relaying is useful for decreasing transmission time and for improving the reliability of received signals at the relay when both UL and DL traffics are scheduled at the same time for a UE. 
To illustrate the operation of SDD relaying, we refer to Figure 1. In a traditional decode-forward two-hop communications in a TDD system, we need 4 time slots to finish a packet exchange between a UE and an eNodeB. In an OFDM-based system, with an efficient utilization of subcarriers, we may reduce the transmission time required for finishing the packet exchange into 2 time slots as Figure 1(b) suggests. There, in SDD relaying, in the first time slot of transmission of each UL and DL messages, the eNodeB and the UE use different subcarriers to transmit their own messages to the relay. In the second time slot, relay forwards each of those messages using different subcarriers to the UE and the eNodeB. The subcarrier assignments (or bandwidth allocation) in the second time slot can be flexibly adjusted to satisfy different QoS goals. 
In addition to the benefit of reducing transmission time, SDD relaying has another benefit of improving the per-subcarrier SNRs of the signals received at the relay. To see this, we compare the average per-subcarrier power at time slot 
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 of TDD relaying and SDD relaying shown in Figure 1. We denote that total transmission powers (over all the subcarriers) at the eNodeB and at the UE by 
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, respectively and the total number of subcarriers by 
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. In time slot 
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 of the TDD relaying, the eNode transmits signals to the relay, whereas the UE remains silent; thus we are effectively assigning power 
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 per subcarrier for the eNodeB’s transmission. In time slot 
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 of the SDD relaying, on the other hand, the eNode and the UE transmit signals to the relay using sets of subcarriers denoted by 
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, respectively, where 
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 are mutually exclusive.  We further denote the number of subcarriers in 
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 . Then, we may assign 
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 per subcarrier for the eNodeB’s transmission, while 
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 per subcarrier for the UE’s transmission in SDD relaying. Comparing the per-subcarrier power assigned for the eNodeB’s transmission in the TDD and the SDD relaying, we find that we can assign more per-subcarrier power in the SDD relaying than the TDD relaying, since 
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. This implies that the per-subcarrier SNR at the relay for the eNodeB-relay link is higher in SDD relaying than in the TDD relaying. We note that the same argument goes for the UE-relay link as well.
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              (a) Relaying in TDD system











(b) SDD relaying in TDD system

Figure 1 TDD relaying vs. SDD relaying
3 Application of Network Coding in SDD Relaying
We may further reduce the expenditure of the frequency resource in the SDD relaying by applying the network coding [12]. For the operation of the SDD relaying combined with network coding, we refer to Figure 2. In the first time slot (or time slot 
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) of the operation, the eNodeB and the UE transmit their own messages to the relay using different set of subcarriers, just as in the SDD relaying introduced in Figure 1. The second time slot (or time slot 
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), on the other hand, we utilize a different strategy for forwarding packets to their respective destinations. In particular, before the transmission of signals at the relay, we take XOR of the signals received from the UE and the eNodeB and transmit the XOR-ed signal to both the UE and the eNodeB. Since each of the UE and the eNodeB knows its own transmitted message, once it receives the XOR-ed signal, it can recover its intended message by applying another XOR to the received message with its own message. 
Therefore, applying the network coding, the relay utilizes only one set of subcarriers for the bidirectional transmission to the UE and the eNodeB; i.e., the number of subcarriers utilized for the second time slot is reduced compared to the case of the SDD relaying in Figure 1. The saved subcarriers may be utilized for serving another UE, for example.
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Figure 2 SDD relaying combined with network coding.
4 Conclusion
We summarize some discussions on the proposed technologies as follows:
1. SDD relaying provides us benefits in reducing the data latency of combined UL and DL traffics and in improving the reliability of the source-relay and destination-relay links. The benefits of SDD relaying can be exploited both in the TDD and the FDD systems.
2. Applying the concept of the network coding in SDD relaying, we may further reduce the frequency resource spent for the bidirectional transmission.
References

[1] R1-081722,
“Future 3GPP Radio Technologies for LTE-Advanced,”
Samsung

[2] R1-081773,
“Technical points for LTE-Advanced
,” ZTE

[3] R1-081775,
“Technique proposals for LTE-Advanced,” 
CATT

[4] R1-081791,
“Technical proposals and considerations for LTE advanced,”
Panasonic

[5] R1-081809,
“On the Consideration of Technical Candidates for LTE-advanced,”
LG Electronics

[6] R1-081828,
“Enhancement on Technologies for LTE advanced Requirements,”
Nortel

[7] R1-081838,
“Physical layer technologies for LTE-Advanced,”
 Huawei

[8] R1-081842,
“LTE-A Proposals for evolution
Nokia Siemens Networks,” Nokia

[9] R1-081914,
“LTE Advanced Technical Proposal Identification and Grouping,”
Motorola

[10] R1-081948,
“Proposals for LTE-Advanced Technologies,”
NTT DoCoMo

[11] R1-082024,
“Discussion on some technology components proposed for LTE-Advanced,”
Ericsson

[12] S.-Y. R. Li, R.-W. Yeung and N. Cai. "Linear Network Coding." IEEE Transactions on Information Theory , Vol. 49, No. 2, pp. 371-381, February 2003.









_1275644113.unknown

_1275644521.unknown

_1275644586.unknown

_1275644646.unknown

_1275644867.unknown

_1275646809.unknown

_1275644678.unknown

_1275644610.unknown

_1275644579.unknown

_1275644198.unknown

_1275644471.unknown

_1275644214.unknown

_1275644389.unknown

_1275644127.unknown

_1275643829.unknown

