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1. Introduction

Relaying is considered for LTE-Advanced as a tool to improve e.g. the coverage of high data rates, group mobility, temporary network deployment, the cell-edge throughput and/or to provide coverage in new areas [1]. Relay nodes can be classified based on their protocol architecture for the user plane and control plane [2, 3]. Network coding [4] can be used on relay for the purpose of saving forwarding resource [5] or improving the receiving performance [6].
Taking the multiple-UE (MU) uplink relay as example, this proposal designs five kinds of network coded (NCed) DF relays and their receiving schemes at eNB on this NCed information. The receiving performances are given with simulation. 
2. NC MU UL relay
In the uplink, relay usually needs to forward information for multiple UEs. In Fig.1 (a), in order to forward 1 subframe for each UE, normal relay needs 2 TTIs. This scenario is used when the relay is deployed for the purpose to improve the throughput at the cell edge; that is eNB can receive the signal directly from UEs. Since there’s direct link, if the information of these 2 UEs is network coded in relay and then forwarded, the network coded forwarded information may be decodable after soft combining with the information from the direct link. By this way, only 1 TTI is enough to forward these two subframes, as shown in Fig.1 (b). 
Since the minimum transmission unit is subframe, network coding is processed within subframe in this proposal. Three kinds of DF NC relays are designed in this proposal, which are GF(2) network coding (XOR), Multiple-UE joint modulation, and analog network coding. The modulation types are defined to be QPSK, 16QAM, and 64QAM in eUTRA. This proposal takes QPSK as example.

In the 1st subframe, UE1 sends CB1, which are turbo encoded from TB1. One symbol 
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In the 2nd subframe, UE2 sends CB2, which are turbo encoded from TB2. One symbol 
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(a) normal relay for multiple UEs
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(b) network coded relay for multiple UEs
Fig.1 Multiple-UE uplink relay
2.1. L2 DF NC relay

2.1.1 XOR DF relay

After receiving CBs from UE1 and UE2, relay demodulates and channel decodes the received CB1 and CB2. If both CBs are channel decoded correctly according to the CRC checking, these two channel-decoded TBs are network encoded by XORing their data bits bit by bit. 
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. This network coded TB is channel recoded, modulated, and forwarded. 

If TB1 from UE1 and TB2 from UE2 are with different length, the shorter TB is padded to be the same length with the longer one. 
2.1.2 Multiple-UE joint modulated (MUJM) DF relay
After receiving CBs from UE1 and UE2, relay demodulates and channel decodes the received CB1 from UE1 and CB2 from UE2. If these two CBs can be channel decoded correctly, their corresponding TBs are channel recoded and then joint modulated and forwarded. If one of the packets isn’t channel decoded correctly, the relay acts as the traditional AF (Amplify and Forward) relay.

The following takes 2QPSK->16QAM as example. The 16QAM constellation in 36.211[7] is shown in Fig.2. Since the two former bits represent quadrant, while the latter two bits represent the proper position in the quadrant, if the bits from 2 UEs are connected in series, for example, the bits from UE1 are modulated as the former two bits, UE1 will have much better performance than UE2.
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Figure2. Constellation for 16QAM in 36.211
For the above reason, the joint modulator should have some proper mapping way in addition just connecting in series. In order to make the bits from two UEs have the equivalent performance, the constellation should be rearranged. Let the bits from UE1 distribute along axis x, while the bits from UE2 distribute along axis y, as shown in Fig.3. On that stage, UE1 and UE2 will have the same performance.
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Figure.3 customized constellation for 16QAM
In order to joint modulated the bits from 2UEs into the customized constellation while keeping consistent with the LTE’s constellation, the code bits from the 2 UEs are firstly mapped into the bits in the fifth column of 0, and then modulated according to LTE’s constellation.

Table I joint modulation mapping table
	Bits from UE1
	Bits from UE2
	Series connection
Of bits from UEs
	Customized

Constellation
	Corresponding bits

In the LTE constellation
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2.1.3 Analog network coded (ANC) DF relay
For ANC relay, after receiving CBs from UE1 and UE2, relay demodulates and channel decodes the received CBs. If these two CBs are channel decoded correctly, their corresponding TBs are channel recoded, added with weights, and then forwarded. If one of the CBs isn’t channel decoded correctly, the relay acts as the traditional AF relay.

If the relay keeps the fixed transmit power, first of all, the coefficients should be normalized. The second, k1 and k2 should be equal on the module to keep fair on the two UEs. Else the strong UE will have better performance. The coefficients can be defined on these constraints. 
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 are defined here for indication.
On the example coefficients 
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, the mapping table is given as Table II. The ANC constellation is shown in Fig.4. The constellation for QPSK is consistent with 36.211 [2]. This table is just for indication, the ANC coefficients and the mapping table is not limited as this.
Table II ANC mapping table
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Figure.4 ANC Constellation

2.2. L1 NC AF relay

2.2.1 MUJM AF relay

After receiving CBs from UE1 and UE2, relay does not demodulate the received symbols, but maps two QPSK symbols from 2 UEs into one 16QAM symbol according to ML principle referred to Table I.
2.2.2 ANC AF relay

After receiving CBs from UE1 and UE2, relay does not demodulate the received symbols, but make summation on them directly with the weights 
[image: image118.wmf]2

1

1

=

k

 and 
[image: image119.wmf]4

2

2

1

p

j

e

k

=

. 
3. Chase combining on the network coded information
At eNB, the network coded information can be soft combined with the single TB information directly from UEs by Maximum a Posteriori (MAP) principle. In this proposal, the chase combining scheme is designed and simulated firstly in Rayleigh channel. 
In the 1st subframe, eNB receives the symbol 
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The log symbol likelihood ratios (LLRs) of 
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Then the log bit likelihood ratio (LLRb) of bit j in 
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For a QPSK symbol, j, k =1~2. The series of LLRbs is input to the channel decoder. If this TB1 in soft code bits can be decoded correctly, judged by CRC checking, data bits of TB1 are saved. If TB1 can not be decoded correctly, the log bit likelihood ratio series are saved for further combining.
In the 2nd subframe, eNB makes the same process on TB2.

3.1. for XOR relay
In the 3rd subframe, eNB receives the symbol 
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Taking the first bit 
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Since 
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Table III possible value of transmitted bits
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In which, 
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The chase combing scheme is indicated in Fig.2.
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Fig.5 Chase combing with the NCed information

From Fig.4, it can be seen, in order to make chase combining with the network coded information, only one extra preprocess is needed, that is the soft combining in Equation (10). When the max-log-MAP algorithm (the approximate algorithm) is adopted, this preprocess is with very low complexity.
3.2. for MUJM DF/AF relay
In the 3rd slot, eNB receives the joint modulated symbol 
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In order to soft combine the information on TB1, taking the first bit 
[image: image164.wmf]1

b

 in TB1 as example, according to the definition of LLRb
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After receiving the single packets and the joint modulated packet, referred to all the possibilities shown in 0, the series of LLRb can be calculated as follows:
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k=1, 2, 3, 4. k=1, 2 is the LLR of TB1, while k=3,4 is the LLR of TB2. For example, for the first bit 
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, the sum of joint possibilities in the last eight lines is the numerator, while the sum of joint possibilities in the first eight lines is the denominator.

This derived LLRb series is input into Turbo decoder to channel decode TB1. The information of TB2 can be soft combined by the received single packets and joint modulated packet by the similar way. The soft combining scheme is indicated in Fig.6.
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Figure.6 soft combing with the NCed information
From Fig.6, it can be seen, in order to make chase combining with the network coded information, only one extra preprocess is needed, that is the soft combining block in shadow. When the max-log-MAP algorithm (the approximate algorithm) is adopted, this preprocess is with very low complexity.
3.3. for ANC DF/AF relay
The receiver function block of ANC is the same with that of MUJM. The soft combining on the ANC information can be executed also by Equation(12), but according to the constellation in Fig.4 and the mapping table in Table II.
4. Simulation Results

The five described network coding schemes are tested primarily by the simulation in Rayleigh channel. Rayleigh fading is assumed with unit variance, disturbed by AWGN. UE1 and UE2 are assumed with the same channel state. RS-eNB link has the same channel state with UE-eNB links, while UE-RS link is 5dB better than UE-eNB link. UMTS 1/3 Turbo code with length of 3456 bits is adopted as the channel coding. The modulation type is QPSK. In Fig.7, the NC relays with the presented soft combining algorithms are compared with the traditional AF/DF relay and that without relay. 
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Figure.7 The receiving performance of NC relays

By all these kinds of NC relay, 50% of forwarding resource can be saved. The performance of DF MUJM/ANC is better than traditional AF, only worse than traditional DF by 0.8~0.9dB. On the saved TTIs, relay can be silent, by which 50% of transmitting power can be saved. Furthermore, since the major computational complexity on relay locates in turbo decoder and turbo encoder, compared with the normal DF scheme, XOR schemes saves almost 25% of computational complexity on relay by saving one turbo encoder in each cycle. AF NC schemes are with very low complexity. 
In order to evaluate NC schemes, the receiving performance improvement per forwarding is taken as metric. At 10-2 PER, for normal DF, 2.7dB receiving performance improvement can be obtained by forwarding two subframes for 2 UEs. Thus for normal DF, the unit forwarding improvement is 1.35dB/FW. For XOR, it is 1.25dB/FW. Make this evaluation as table IV.

Table IV. unit forwarding improvement for different relays
	DF relay
	dB/FW
	AF relay
	dB/FW

	Normal DF
	1.35
	Normal AF
	0.85

	XOR
	1.25
	MUJM AF
	0.35

	MUJM/ANC DF
	1.9
	ANC AF
	1.4


According to this metric, we can see, in L2, MUJM/ANC DF relay is more efficient than normal DF relay and XOR relay. They can be adopted as L2 NC relay schemes. If slight PER decrease is acceptable, XOR scheme can be adopted to save computational complexity at relay. In L1, ANC AF is more efficient than normal AF relay, and should be adopted as L1 NC relay scheme.
5. Conclusion
For multiple-UE uplink relay, network coding can be adopted to save 50% of forwarding resource and 50% of transmitting energy at the relay. Furthermore, XOR relay can save almost 25% of computational complexity compared with traditional DF relay. MUJM/ANC DF relay is more efficient than normal DF relay. ANC AF is more efficient than normal AF relay. AF NC schemes are with very low complexity. At eNB, the network coded information and the soft information of single TBs can be soft combined by MAP principle. Thus for the resource saving and receiving performance improving capability [6] of NC relay, we suggest NC relay as one optional relay in LTE-A. MUJM/ANC/XOR DF relay can be optional MU UL L2 relays, while ANC AF can be optional MU UL L1 relay.
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（We suggest NC relay as one optional relay in 36.814.）

9.x.x Network coded relay

On the UL, when relay needs to forward information for multiple UEs, network coding mode can be turned on, for the purpose of resource saving. The information of multiple UEs is network coded and then forwarded. 
On the DL/UL, when the equipment is limited to be equipped only one antenna, time domain network coding mode can be turned on to approach the transmission performance of multiple antennas. (This performance can be referred to the presented proposal in reference [6].)
---------------------------------------------- End of Text Proposal --------------------------------------------
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