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Proposed Text for IEEE P802.16m/D1: Network Coding Codebook Design for E-MBS
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Chun-Yen Wang, Frank Ren
ITRI
1.
Introduction 

In the SDD document, E-MBS may apply network coding for retransmission. In this contribution, we propose the codebook design for E-MBS network coding for efficient network coding transmission to improve E-MBS reliability.

Some practical network coding protocols are based on random linear network coding [1]. The coding coefficients are randomly generated and included in packet header of the encoded packets. The transmitted coding coefficients in every data packet increase the system transmission overhead. In this contribution, we propose pseudo random network coding design that uses pre-defined codebook to avoid transmitting network coding coefficient in the packet header. With the pre-defined codebook, the data packet header only need to include the codebook index to indicate the coding coefficients to be used for network coding based encoding. 

2.
Codebook design for E-MBS network coding transmission
2.1 Overview of Network Coding Codebook

The data packets are grouped into batches. In each batch, the number of original packets (i.e. uncoded data packets) is N. We denote the number of coding coefficients in as T in the codebook. The codebook is an N x T matrix, where N is the number of original packets, and T is the codebook length.

2.1.1 Codebook design

The codebook C is an N x T matrix, which N is the number of original packets, and T is the number of coding coefficient sets. One row of coefficients of a codebook matrix represents one set of coding coefficient. For example, the 2nd set of coding coefficient is the 1 by N matrix [C2,1 C2,2 C2,3  … C2,N ]. The encoded packet is the linear combination of the (P1C2,1 +P2C2,2 +P3C2,3 +… +PNC2,N). The coding coefficient index in the header of the encoded packet is set to 2, since the 2nd set of coding coefficient in the codebook is used. 
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Assume the original packets are P1, P2, P3, … , Pn. One row of codebook represents one set of coding coefficients. For each coding coefficient element Ci,j ∈ {0, 1}. In each Ci,j , i represents the code set index, j represents the ID of the original packets. If Ci,j is 1, it means the coded packet i contains Pj. The ABS decides the number of original packet N in a batch. The ABS will encode the i-th packet with network coding using the i-th row of the codebook C. The coding coefficient index i and the number of the original packets N may be transmitted along with the encoded packet. The codebook generating function is as follows:

For i ≦ N
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For i > N
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For example, the proposed pseudo random network coding (PRNC) codebook with N = 8 is shown below. 
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The corresponding network coding operation of this N=8 codebook example is shown below. For example, if a coded packet whose index is 3, it means the packet is the XOR of packet 1, 2, 3.
	index
	
	Encoded packets

	1
	
	P1

	2
	
	P1 ⊕ P2 

	3
	
	P1 ⊕ P2 ⊕ P3

	4
	
	P1 ⊕ P2 ⊕ P3 ⊕ P4

	5
	
	P1 ⊕ P2 ⊕ P3 ⊕ P4 ⊕ P5 

	6
	
	P1 ⊕ P2 ⊕ P3 ⊕ P4 ⊕ P5 ⊕ P6 

	7
	
	P1 ⊕ P2 ⊕ P3 ⊕ P4 ⊕ P5 ⊕ P6 ⊕ P7 

	8
	
	P1 ⊕ P2 ⊕ P3 ⊕ P4 ⊕ P5 ⊕ P6 ⊕ P7 ⊕ P8

	9
	
	P1 ⊕ P3 ⊕ P5 ⊕ P7 

	10
	
	P1 ⊕ P4 ⊕ P7 

	11
	
	P2 ⊕ P5 ⊕ P8

	12
	
	P1 ⊕ P5 

	13
	
	P2 ⊕ P6

	14
	
	P3 ⊕ P7

	15
	
	P1 ⊕ P6

	16
	
	P2 ⊕ P7


2.2 Header format for network coding packets

The basic idea is that the index of the coding coefficient and the number of the original packets (i.e. N) should be included in the packet header of the encoded packet. One possible packet header design is shown in [2].

2.3 Performance evaluation

We compare the proposed pseudo random network coding (PRNC) codebook with network coding scheme in document IEEE C802.16m-09/0072r1 (which we called Motorola scheme here) [3]. We also compare our scheme with random network coding which transmits original packets in 1-N packet and transmits random network coding packets in redundant part.

First, we compare the performance of three schemes when the number of MS is different. The simulation scenario setting is: 


The number of original packets is 10.


The packet error probability is 0.08.


The number of transmission packets is 12.


The number of MS is 2, 3, 5, 8, 10, 12, 15, 20.

In each trial, we transmit 1000 batches. In each batch, if all MS can decode the packets, the transmission of this batch is successful. The simulation result is showed in fig. 1.
Fig. 2 is the performance when error probability is 0.03
In these two figures, we can see that Pseudo Random Network Coding scheme outperforms the Motorola scheme and random network coding scheme. PRNC is more than Motorola scheme about 50 successful transmissions.
Second, we set the number of transmission packets is 16, and the number of original packets is still 10, the simulation result is showed in fig.3 and fig.4. Error probability of fig. 3 is 0.08. We can see that PRNC has more than 900 successful transmissions, since the transmission packets increases. On the other hand, we observed that Motorola scheme is worse than random network coding when transmission packets is 16. When error probability is 0.03 (fig.4), we can see that PRNC has almost all transmission success.
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Fig. 1 the number of successful transmissions v.s. different number of MS (p 0.08, tx no. 12)
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Fig. 2   Performance (p=0.03, transmission packets 12)
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Fig. 3   Performance (p=0.08 transmission packets 16)
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Fig. 4  Performance (p=0.03 transmission packets is 16)
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Fig. 5 the number of successful transmissions v.s. different number of transmission packets
Third, we compare the performance of three schemes when the number of transmission packets is different. The simulation scenario setting is: 


The number of original packets is 10.


The packet error probability is 0.08.


The number of MS is 8.


The number of transmission packets is 12, 14, 16, 18, 20.

In each trial, we transmit 1000 batches. In each batch, if all MS can decode the packets, the transmission of this batch is success. 

The simulation result is showed in fig. 2. We can see that Pseudo Random Network Coding scheme outperforms the Motorola scheme and random network coding scheme. When the number of transmission packets is 16, the successful transmission approaches to 1000. Meanwhile, successful transmissions of Motorola scheme is low than half.
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X E-MBS Data transmission

X.1 Network Coding based Data Retransmission

X.1.1 E-MBS with Network Coding Data Retransmission

X.1.1.2 Network Coding based Transmission without Feedback

The ABS will decide the number of original packets in one batch (batch size), and decide the number of transmission packets (coded packets). The number of transmission packets will be more than number of original packets, in order to recover the probably packet loss. The ABS may decide the number of transmission packets according to average packet loss rate, channel quality, etc.

The coding coefficient of transmission packets is assigned in the codebook. The codebook is generated by the generation function in X.1.1.2.1 according to the number of original packets and the number of transmission packets (coded packets).

X.1.1.2.1 Codebook design

The codebook C is an N x T matrix, which N is the number of original packets, and T is the codebook length.
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Assume the original packets are P1, P2, P3, … , Pn. One row of codebook represents one set of coding coefficients. If Ci,j is 1, it means the coded packet i contains Pj.

Ci,j : i represents the code index, j represents the id of the original packets

Ci,j [image: image12.png]


{0, 1} 

The codebook generating function is as follows:

For i ≦ N
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For example, N = 8

	index
	
	Encoded packets

	1
	
	P1

	2
	
	P1 ⊕ P2 

	3
	
	P1 ⊕ P2 ⊕ P3

	4
	
	P1 ⊕ P2 ⊕ P3 ⊕ P4

	5
	
	P1 ⊕ P2 ⊕ P3 ⊕ P4 ⊕ P5 

	6
	
	P1 ⊕ P2 ⊕ P3 ⊕ P4 ⊕ P5 ⊕ P6 

	7
	
	P1 ⊕ P2 ⊕ P3 ⊕ P4 ⊕ P5 ⊕ P6 ⊕ P7 

	8
	
	P1 ⊕ P2 ⊕ P3 ⊕ P4 ⊕ P5 ⊕ P6 ⊕ P7 ⊕ P8

	9
	
	P1 ⊕ P3 ⊕ P5 ⊕ P7 

	10
	
	P1 ⊕ P4 ⊕ P7 

	11
	
	P2 ⊕ P5 ⊕ P8

	12
	
	P1 ⊕ P5 

	13
	
	P2 ⊕ P6

	14
	
	P3 ⊕ P7

	15
	
	P1 ⊕ P6

	16
	
	P2 ⊕ P7


Table z. codebook

Codebook
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The ABS decides the number of original packet N in a batch. The ABS will encode the x-th packet with network coding using the x-th row of the codebook C. The coding coefficient index x and the number of the original packets N may be transmitted along with the encoded packet. For example, if a coded packet whose index is 3, it means the packet is the XOR of packet 1, 2, 3.
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Appendix (I): Pseudo codes to generate coding coefficient matrix
==

index=1

for k = 1 to N

    C(index,i)=1 if i<=k

    C(index,i)=0 otherwise

    index=index+1

end for    

period=2

do loop (index<2N+1)

    for offset = 0 to (period-2)

        C(index,i)=0 if (i mod period == offset)

        C(index,i)=1 otherwise

        index=index+1        

    end for

    period=period+1

end loop

==
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