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1. Introduction

In wireless communication network, the base station has the fixed site and maximum transport power. So the coverage is invariable. Due to the characteristics of wireless propagation and inter cell interference, higher peak rate of data transmission could be achieved when UE is near the site, but when UE is far from eNB, e.g. at the cell edge, only low rate of data transmission could be achieved. So some techniques should be applied to improve the transmission performance and to increase the spectrum efficiency in cell edge.

In this proposal, a network deployment with wireless relay joint analog network coding, i.e. network coding of physical signals carrying information from multiple sources is proposed; the transmission/reception scheme and the transmitter/receiver design are discussed.
2. Discussion

The Relay network deployment is not new. Here in order to describe the proposed integrated scheme, we just give an example of existing known Relay network deployment with half-duplex by time separation. But the Joint analog network coding and Relay scheme are not limited in such deployment. Any other cases, for example, one relay with full-duplex by frequency separation, dual relays in time alternate but with full transmission can also apply the Joint analog network coding and Relay scheme.

Figure 1 illustrates the deployment of network with wireless relay. As an example, Relay may have the baseband processing function and can forward the data come from eNB. Relay transports the data on the same frequency resource used by eNB, and with half-duplex by time separation.
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Figure 1 Deployment of network with wireless relay
The relays operate on alternate time slices to transmit the flows of the analog network coded information, i.e. the physical analog signals carrying information of current slot, which is network coded with that of previous slots on analog signal basis, as Figure 2 shows.

In terminal receiver, it can apply the Successive Interference Cancellation, and detection together with the prior information from base station. If there is more than one receiver antenna, it can apply Collaborative MIMO among base station and relays, where the prior information is taken as one branch.
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Figure 2 Structure of Relay with analog network coding

2.1 Two schemes of analog network coding in Relay
The presence of relay node does not impact the operation of eNB, e.g. AMC, MAC scheduling and L1 HARQ. eNB does not care whether relay node exists or not, since that there is no uplink from relay to eNB and the control signaling is directly transported between eNB and UE. The relay only receives the service data and forwards them to UE.

There are two roles that Relay station may play:

1) Relay occupies the same length of time resource of eNB, network coding is to improve the transmission performance;

2) Relay occupies the half length of time resource of eNB, and network coding is to save the radio resource.

2.1.1 Scheme 1

Relay occupies the same time length of resource of eNB. At any transmission time occasion, Relay forwards the network coding of 2 previous slots’ data. Each slot’s data is network coded twice. Network coding is aimed to improve the transmission performance. Figure 3 shows this scheme.
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Figure 3 Scheme 1 Each slot’s data is network code twice

Where, k1 and k2 is the power factor of two coding symbols. They may be the complex coefficient. S0=0, or S0 is a predefined signal slot. Even the two symbols linear combined by complex coefficient k1 and k2. The transport power of the combined symbol is constant.
Due to the multi transmission between eNB and relay, UE should apply the joint detection technique, using more than one previous slots’ prior information (soft decision information) to detect, for example, Successive Interference Cancellation, and detection together with the prior information from eNB.
If dual relays in time alternating but with full transmission, the signals from eNB and Relay are spatial multiplexing in the same time-frequency resource. When UE has 2 receiver antennas, the Collaborative MIMO De-spatial MUX among base station and relays, and detection together with the prior information from eNB could be applied.

From theoretical analysis on the form of Channel Matrix united by eNB and Relay, It is found that the united detection in receiver configured with single antenna can provide at least the similar performance as traditional 2*2 MIMO. Additionally, with 2 antennas the analog network coding in relay could obtain the similar performance of 3*3 MIMO. Furthermore, due to the larger SNR received from relay, the actually gain would be lager.

2.1.2 Scheme 2

Relay occupies the half length of time resource of eNB. 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. Figure 4 shows this scheme.
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Figure 4 Scheme 2 Each slot’s data is network code once
2.2 UE receiver and detection method

When UE applies MIMO De-spatial MUX among eNB and Relay, UE receiver buffers the soft information of one block, and adopts the soft combining after receiving the data from relay. Figure 5 shows the physical processing structure of UE receiver.
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Figure 5  L1 structure of MIMO De-spatial MUX

Another, the receiver can apply Successive Interference Cancellation, and detection together with the prior information from eNB. Figure 6 shows the physical processing structure.
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Figure 6 L1 structure of SIC

In the rear of this document, we describe the reception scheme and the receiver design which are all based on the scheme 1. For scheme 2 it is similar.
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Figure 7 2(1 Macro diversity

Figure 7 shows the channel response vectors in the 2(1 Macro diversity scheme.

Firstly, UE received the S1 signal from eNB in the first slot, let
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Secondly, UE received the S1 signal from Relay in the second slot; S0 in figure is constant 0, let
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Thirdly, UE received the S2 signal from eNB in the third slot, let
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At last, UE received the S1+S2 signal from eNB in the third slot, let
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Because the channel response matrix is a lower triangular matrix, the more simple decoding method is Successive Interference Cancellation (SIC), and MMSE (for example, another is LS or ML).
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Step3: 
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Step4: 
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The MRC is applied in step3. In this slot, only the hard decision of 
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 prior information is used for the next slot detection. Let 
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, which is used for the next slot detection.
3. Conclusion
Joint analog network coding and wireless relay is a new application in wireless communication. While in current wireless system, both AMC, MAC scheduling and L1 HARQ techniques all focus on the high peak rate of data transmission when UE is near the site, wireless relay jointly with analog network coding is a low-cost, low-complexity solution which could improve the service transmission performance when UE is at the cell edge, or save the transmission resource.

4. Simulation
The main link-level simulation parameters are listed in Table 1.

Table 1 Simulation assumptions

	Bandwidth
	5

	Number of used subcarriers
	300

	Subcarrier spacing
	15 kHz

	TTI
	1.0 ms

	Symbol duration
	Useful part
	66.67 µs

	
	CP length
	16.67 µs

	Modulation schemes
	16QAM

	Coding schemes
	R=1/3

	Channel coding / decoding
	Turbo code / Max-log-MAP decoding with 8 iterations

	Antenna configuration
	1/2 at transmitter, 1/2 at receiver

	Node B spatial correlation
	0

	UE speed
	30km/h

	OFDM symbol timing
	Ideal

	Referece signal rate
	1/6 (MIMO)

	Channel model
	SCM from WINNER project

	Channel estimation
	Ideal


Figure 8 shows the performance of link level with SFBC and network coding. In this case, the UE has 1 receive antenna, and uses the SIC method. It can be found that the transmission performance in Relay system is far better than 2*1 SFBC. The performance of 2 symbols network coding is similar to the 2*2 SFBC. Moreover in Figure 8, the analog network coding in relay of three symbols have the lower BLER.

Anyhow, when base station and UE only have an antenna, the analog network coding still could achieve the performance of MIMO transmission diversity. Furthermore, due to the larger SNR received from relay, the system level gain would be much more.
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Figure 8 Comparison of SFBC and network coding

Figure 9 shows the comparison of performance of receiver with 1 antenna and 2 antennas. In this case, Obviously, UE with 2 antennas obtains some gain from receive diversity which is about 1 dB.
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Figure 9 Comparison of UE 1 and 2 receive antennas

-------------------------------------------------------------------------------------------------------------------------------

Text Proposal for TR 36.XXX

9  Relaying functionality
…

9.x Joint analog network coding and Relay

In current wireless communication, both AMC, MAC scheduling and L1 HARQ techniques all focus on the high peak rate of data transmission when UE is near the site. Relay jointly with analog network coding is applied to improve the transmission performance at cell edge, or save the radio resource.

Relays operate by turns on alternated time slices to transmit the flows of the analog network coded information, i.e. the physical analog signals carrying information of current slot, which is network coded with that of previous slots on analog signal basis. The structure of Relay jointly with analog network coding is shown in Figure X.
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Figure X Structure of Relay with analog network coding

In terminal receiver, it can apply the Successive Interference Cancellation, and detection together with the prior information from base station. If there is more than one receiver antenna, it can apply Collaborative MIMO among base station and relays, where the prior information is taken as one branch. There are two roles that Relay station may play:

1) Relay occupies the same length of time resource of eNB, network coding is to improve the transmission performance;

2) Relay occupies the half length of time resource of eNB, and network coding is to save the radio resource.
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