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1. Introduction

This proposal give three basic application scenarios of network coding in LTE-A to improve transmission efficiency or receive performance, they are DL unicast with Relay, UL unicast with Relay and Multicast retransmission. We suggest RAN1 to discuss them and understand the benefit of them. 
2. Discussion
2.1. What’s network coding

The notion of network coding has attracted significant interest since the publication of [1]. In certain scenarios, by encoding information from different sources, it shows transmission link saving in the wireline network. In the resent 3 years, network coding was extended to various wireless applications. In fact, the broadcast nature of wireless links is a most natural setting for network coding [2]. 
Network coding is presented through the butterfly topology of Fig.1. The source S wants to multicast two bits b1 and b2 to both the nodes D1 and D2. For the normal case in Fig.1(a), two channels (or two slots) are needed in the shared link (R3->R4). In Fig.1(b), the simplest network coding, XORing, is adopted. b1 and b2 are XORed at R3, and the XORed bit b1⊕b2 is transmitted in just one channel (or one slot). At D1, b1 and b1⊕b2 are received. By the operation of (b1⊕b2) ⊕b1, b2 can be derived. b1 can be obtained similarly at D2. By this way, half of transmission resource is saved in the shared link.
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Fig.1 Typical butterfly topology of network coding

Although the significant performance network coding can obtain, it cannot be applied anywhere to save transmission resource. Thus the application scenarios of network coding are limited to butterfly/extended-butterfly topologies, two-way relay and mesh network information delivery. 

Actually the kernel of the butterfly topology is like Fig.2 (a). It is equivalent to the two-way channel in Fig.2 (b), which is one of the basic channels in multi-user information. In this proposal, deducing from this two-way model, analyzing the requirements on the network coding, we find some possible application scenarios in LTE-A.
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Fig.2 two-way channel

2.2. Network coded relay in DL
As shown in Fig.3, when the points in dash rectangle converge into one point, the two-way channel becomes the basic relay channel. Since the new spectrum bands for IMT contain higher frequency band and LTE-Advanced is aiming at higher data rate, relay has been proposed to enlarge the coverage, to improve the capacity and to improve the cell edge performance [3][4]. 
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(a) topology of DL relay channel
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(b) conventional DL relay
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(c) analog network coded DL relay-scheme 1
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(d) analog network coded DL relay-scheme 2


Fig.3 Network coded relay in downlink

In this downlink relay, instead of forwarding data directly as the conventional DL relay does (Fig.3 (b)), we encode packets with the former received packets and then forwarded it (Fig.3 (c)). The encoding way is not the simplest XORing bit-by-bit, but modulating two corresponding bits from the adjacent packets into higher modulation type. For example, modulating two BPSK bits into one QPSK symbol. By this way, information of one packet, for example information of slot 1 in Fig.3, experiences three kinds of channel. With joint detection in receiver, the analog network coded relay of two symbols can obtain the similar performance of 3*3 MIMO, under the condition that eNB, UE and relay is only equipped with single antenna. That is, this network coded DL relay can achieve the performance of multiple antennas when there’s limitation on equipping more antennas. 
Other scheme in DL network coding with Relay is shown in Fig.3 (d), at any transmission time occasion, Relay forwards the network coding of 2 previous slots’ data. Each slot’s data is network coded once. Network coding is to save the radio resource. The more detail processes and the simulation results can be found in another proposal of ours named “Joint analog network coding and Relay” [5].

2.3. Network coded relay in UL
As shown in Fig.4 (a), when the right two nodes converge into one node, the two-way channel becomes uplink relay channel [6].
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(a) topology of UL relay channel
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(b) conventional MU UL relay
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(c) analog network coded MU UL relay


Fig.4 Network coded relay in uplink

In the uplink, relay usually needs to forward information for multiple UEs (MU). In the example of Fig.4 (b), in order to forward information of 2 UEs, conventional relay needs 2 slots. Totally 4 slots are needed for each forward period. If the information of these 2 UEs is network coded in relay and then forwarded, 3 slots are enough for each forward period [6, 7, 8], as shown in Fig.4 (c).
Simulations prove, by applying analog network coding on the relay and joint detection in receiver, this network coded UL relay can achieve similar performance of the conventional relay scheme while 1/4 of transmission slots have been saved.
2.4. Retransmission in multicast
Depicted as Fig.5 (a), when the upper two nodes converge into one node and so do the lower two, the two-way channel becomes two-way-relay channel, in which two nodes intercommunicate through the relay node. Two-way-relay channel is a typical application for network coding [9]. Through network coding, relay can forward information for these two nodes in just one transmission, see it in Fig.5(c).
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Fig. 5 two-way-relay channel

However, two-way-relay channel is not so applicable in LTE-A, since the asymmetric info and the asymmetric channel state of UL and DL. Nevertheless, we found multicast is an equivalent model to two-way-relay channel. This relationship is shown in Fig.6.
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(a) two-way-relay                                           (b) multicast retransmission

Fig.6 the relationship of two-way-relay and multicast retransmission

For multicast retransmission in Fig.6 (b), b1 is lost at D2 in the 1st transmission slot, while b2 is lost at D1 in the 2nd slot. Despite the initial state is not the same, after two slots of transmission, the information distribution becomes the same for these two applications, thus both of them can distribute requested signals by only one transmission in the third slot.

For one multicast group, two or more than two packets need to be retransmitted for different corrupted initial packets of different UEs can be network encoded and then retransmitted together. The encode way can be random scheme, which makes the least change on the existing procedure and interface; or other determined network coding schemes, which are better for retransmission resource saving at the cost of more change to the existing interface.

For the random network coded retransmission method, since there’s no need to ensure all the packets to be decodable, there is no need for extra uplink feedback except the existing NACK signaling, and the existing retransmission scheme still works with little impact.
According to our simulation, in multicast group size of more than 10 UEs, based on the amount of network coded packets retransmitted, up to 48% retransmission can be saved with random network coded retransmission at the cost of receiver PER increasing from 0.8% to 2.7%; If the same PER requirement remains, about 22% of retransmission could be saved.  The more detail processes and the simulation results can be found in another proposal of ours named “Optional retransmission schemes for LTE-A MBMS” [10].
3. Conclusions

In this document, deduced from the basic two-way channel, we introduce some possible applications of network coding in LTE-A, including relay in DL/UL and retransmission in multicast mode. According to our simulation results, by applying network coding in proper scenarios, nearly 1/4 transmission resource can be saved comparing with the conventional schemes; else the similar performance of multiple antennas can be gained with single antenna.
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（We suggest two optional relay application scenarios in 36.xxx.）

9.x Network coding in Relay

9.x.1 Network coded DL relay

One downlink relay with network coding is optional. Packets are encoded with the former received packets, and then the encoded packets are forwarded. By adopting joint detection in the receiver, this analog network coded DL relay of two symbols can obtain the similar performance of 3*3 MIMO, under the condition that UE, eNB and relay are only equipped with single antenna. This optional scheme can be adopted when there’s limitation on equipping more antennas.
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Figure 9.x Network coded relay in downlink
9.x.2 Network coded UL relay

One uplink relay with network coding is optional. When relay needs forward information for multiple UEs, the information of these UEs is network coded and then forwarded in just 1 slot. By adopting joint detection in the receiver, this analog network coded UL relay can achieve similar performance of the conventional relay scheme while 1/4 slots have been saved.
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Figure 9.x Network coded relay in uplink
10.x
Single-cell transmission

-Optional MBMS retransmission schemes:

· When one or more than one UEs request one packet, retransmit this packet.
· When α or more than α UEs request one packet, retransmit this packet.

· 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 canceling the known accurate received packet, the retransmission packet is detected in the required UEs.
---------------------------------------------- End of Text Proposal --------------------------------------------
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