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1
Introduction
Network coding is attractive in saving the precious wireless spectral resource by encoding the different information from different sources. Reference [1] addresses three basic application scenarios of network coding in LTE-A to improve transmission efficiency or receive performance. The possible application scenarios are clarified as DL unicast with Relay, UL unicast with Relay and Multicast retransmission. Reference [2] discusses the transmission/reception scheme and the transmitter/receiver design of the analog network coding.
This contribution further introduces a network coding scenario based on relay coordinate communication in LTE-advanced system to improve the network performance in terms of spectral utilization efficiency. By taking advantage of the overheard data information at the relay station, the proposed approach exploits a new network coding scenario in the uplink transmission for the UE that is served by the MR-BS. Combined with the feature of the distributed scheduling, it allows the relay stations to spontaneously determine whether to participate in the cooperation to help to forward data or its redundancy check (CRC) bits. 
2
Proposed scheme 
2.1
Background
Our previous proposal [7] addresses the coordinate communication scenario of the relay based on overhearing. That is, during the wireless uplink transmission, a UE that is served by the MR-BS, chooses an appropriate transmission power level for its data transmission to achieve the desired SINR, based on the distance to its serving point MR-BS. Consequently, as shown in Fig. 1, the data transmission from a UE to its serving point may be overheard by the nearby relay nodes, though the UE is out of the coverage area of the relay nodes. It is well known that the relay link may offer more reliable transmission than the link from the MS-B to the MR-BS. Thus, it is suggested that the relay nodes may spontaneously choose whether to participate in the cooperation to help to forward the data in the uplink transmission procedure based on their overheard data from the nearby UE. In particular, when the relay nodes overhear the data transmission correctly, they do the processing of decode, re-generate and forward to help the UE to transmit the overheard data bits or CRC bits in the form of HARQ type I, II or III via their reliable relay link and available link resources. Hence, a complementary access is accomplished to improve the system performance. By taking advantage of the reliable transmission in the relay link, this approach may effectively improve the spectral utilization efficiency and meanwhile enhance the reliability of the access link through the cooperative way. 

[image: image1.emf]Overhearing-based 

cooperative transmission

Data transmission

Overhearing

Complementary transmission


Fig. 1 The scenario of cooperative communication based on relay overhearing
When the access link resource of a UE served by MR-BS and that of the relay are entirely orthogonal, the relay may correctly overhear the data information of MR-B. Instead, when the access link resource of a UE served by MR-BS and that of the relay are not entirely orthogonal, by adjusting the frame structure [6], the relay may still correctly overhear the data information of MR-B to avoid the interference and facilitate the coordinate communication. 
2.2 Network coding scenario
Two application scenarios are addressed here, which are respectively on transparent relay and non-transparent relay. 
2.2.1 On transparent relay

Regarding the transparent relay, we suggest that transparent relay could do network coding for different data from different UE. 
As show in Fig. 2, in this uplink relay, instead of forwarding data directly, it can do the encoding for the data A and B from different sources, and then forwarded it. The encoding way may be in the form of the simplest XORing bit-by-bit, or by modulating two corresponding bits from the adjacent packets into higher modulation type by referring to [1]. In this way, the network coding is applied. 
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Figure 2 A diagraph of network coding scenario with the transparent relay
2.2.2 On non-transparent relay

Regarding the non-transparent relay under the distributed scheduling, we introduce a scheme where non-transparent relay under distributed scheduling could do network coding to the overheard data from MS-B and the retransmitted data of MS-R since both data has arrived at the MR-BS and has back-up there. 
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 Fig. 3 A diagraph of network coded coordinate communication with the non-transparent relay
As shown in Fig. 3, in this scenario of cooperative communication, the relay is under the distributed scheduling of the MR-BS. Alternatively, the MR-BS has no right to control the UE that is served by the relay and these UE are under the control of the relay. The UE that is under the control of the MR-BS could be coordinately served by the relay that is under the control of the MR-BS. 
With respect to the simple cooperative communication as shown in Fig. 1, when the relay overhears the data that is transmitted by the UE towards MR-BS, it may do the decoding and re-generating（HARQ I or II, III）. Subsequently, the relay may send different HARQ blocks to MR-BS and the transmitted different blocks are incorporated to be decoded at MR-BS.
Instead, in the network coded cooperative transmission with the non-transparent relay as shown in Fig. 3, MS-B and relays nodes transmit signals to the MR-BS. The data part of relay may be a network coded data that is composed of the data B from MS-B and the retransmitted data A of MS-R. This is consistent with the conclusion in [1]. That is, two or more than two packets need to be retransmitted for different corrupted initial packets of different UEs are network encoded and then retransmitted together. At the receiver side, by cancelling the known accurate received packet, the retransmission packet is detected in the required UEs.
2.3 Access Mechanism Support
By referring to our previous proposal in [6], a frame structure may be adopted to avoid the uplink interference and facilitate the network coded coordinate communication of the relay.
3
Conclusion

A network coding application scenario is presented to facilitate the cooperative communication, where the data from the UE served by a MR-BS can be network coded with the retransmitted data of the relay to enhance the data reliability and improve the spectral utilization efficiency. That is, the relay, that may correctly overhear the data transmission out of its coverage area, is allowed to do the network coding to facilitate the cooperative communication. 
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