
IEEE C802.16m-09/2111

	Project
	IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16>

	Title
	Network Coding Based Retransmission Scheme in E-MBS for IEEE 802.16m AWD

	Date Submitted
	2009-08-30

	Source(s)
	Guosen Yue, Xiaodong Wang, 

Sampath Rangarajan, 
Mohammad A. (Amir) Khojastepour
NEC Laboratories America, Inc.


	E-mail:

yueg@nec-labs.com 



	Re:
	IEEE 802.16m-09/0037, Call for contribution on Project 802.16m Amendment Working Document (AWD) content (2009-08-30) P802.16m/D1: E-MBS

	Abstract
	This contribution proposes a network coding based retransmission scheme for EMBS.

	Purpose
	To be discussed and approved by TGm.

	Notice
	This document does not represent the agreed views of the IEEE 802.16 Working Group or any of its subgroups. It represents only the views of the participants listed in the “Source(s)” field above. It is offered as a basis for discussion. It is not binding on the contributor(s), who reserve(s) the right to add, amend or withdraw material contained herein.

	Release
	The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication. The contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16.

	Patent Policy
	The contributor is familiar with the IEEE-SA Patent Policy and Procedures:

<http://standards.ieee.org/guides/bylaws/sect6-7.html#6> and <http://standards.ieee.org/guides/opman/sect6.html#6.3>.

Further information is located at <http://standards.ieee.org/board/pat/pat-material.html> and <http://standards.ieee.org/board/pat>.


Network Coding Based Retransmission Scheme in E-MBS for IEEE 802.16m AWD 
G. Yue, X. Wang, S. Rangarajan, M. A. Khojastepour
NEC-Labs America
1. Introduction
In IEEE 802.16m SDD[1], for E-MBS operation with retransmission, an ABS may use a network-coding based retransmission scheme that does not require a feedback channel. In [2], the basic network-coding scheme and its two variations are introduced to obtain the redundant packets for retransmissions in E-MBS without MS feedback. However, the proposed schemes in [2] although simple do not provide a superior packet recovery performance.
In this document, we propose the network coding based retransmission scheme for E-MBS either without a feedback channel or with very limited feedback from MS’s. 
2. Proposed Coding Scheme for Retransmissions in E-MBS without Feedback
An ABS first transmits L packets, P1,…, PL. After the L packets are transmitted, Q packet-slots are allocated for retransmission. The packets for retransmission R1,…,RQ are binary packet encoded from the original packet sequence P1,…, PL based on the following procedures.

Network encoding scheme:

The retransmission packets are obtained in multiple stages. First L packet sequence, P1,…, PL is ordered. In the z-th stage, z=0,1,…, the ordered sequence P1,…, PL are cyclic-shifted by zT times to the right and obtain the sequence order P1(z),…, PL(z).  M retransmission packets are generated by binary XORing the packets among the packets in the ordered packet sequence after cyclic-shift P1(z),…, PL(z). The coding is based on the following rules.

1. Group the packets P1(z),…, PL(z) to the packet sets 0,…,2M-1 in order based on the given size of j, lj=|j |, j=0,…, 2M-1.

2. Then retransmission packets RzM+1, …, R(z+1)M are generated as follows.
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where [image: image3.emf] denotes binary summation and jbin (m) denotes the m-th bit of binary representation of j. In other words, RzM+m is obtained by binary XORing of the data packet Pi if Pi ( j and the m-th bit of binary representation of j.

The size of j and parameters T, M can be determined by one of the following options.

Option 1: The size of j and the values of T and M for different L are given in Table 1. For other L, all-zero packets are padded to reach the next larger L in the table. The retransmission packets are then obtained based on the network encoding as described above. 
	L
	T
	M
	lj=|j |, j=0,…2M-1

	100
	37
	5
	{33 6 6 3 6 3 3 1 5 3 3 1 3 1 1 1 5 3 3 2 3 1 1 0 3 1 1 0 2 0 0 1}

	75
	37
	5
	{5 6 6 3 6 3 3 1 6 3 3 1 3 1 1 1 5 3 3 2 3 2 1 0 3 1 2 0 2 0 0 1 }

	50
	37
	4
	{0 6 6 4 6 4 3 2 6 3 3 2 4 2 2 1};

	25
	37
	4
	{ 0 5 4 4 5 4 4 2}


Option 2: The size of j and the values of T and M for different L are given in by the following steps

   If L> 50, set M=5, T=37, and 

1) First let lj =Z, where 
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, j=0,…, 2M-1.
2) For the rest L-2MZ packets, add lj by 1 based on the ascending order of the Hamming weight of the binary expansion of j until 
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   Else set M=4, T=37, and

1) First let l0 =0 and lj =Z, where 
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2) For the rest L-(2M-1)Z packets, add lj by 1 for j=1,…, 2M-1 based on the ascending order of the Hamming weight of the binary expansion of j until 
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It is seen with proposed method, ABS needs to send the value of L the AMS with a 7-bit overhead.

The MS can perform either iterative decoding by after receiving all the packets during the retransmission slots or simple single parity check (SPC) decoding to recover one lost packet after receiving every one retransmitted packet.

3. Proposed Coding Scheme for Retransmissions in E-MBS with Very Limited Feedback

An ABS first transmits L packets, P1,…, PL. After the L packets are transmitted, a feedback of number of lost packet W is sent by every AMS in the service to ABS. The average packet loss rate is computed by
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where K denotes the total number of AMS’s with the feedback. Given p and M, we obtain size of 0, i.e., l0 as follows. 
First we obtain x* by
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where a,b are parameters given in Table 2.

Then, we obtain
n*=min{round(x*), L} 

and 
l0=L-n*.

We set 


T=37,

M=5 if L>50, or M=4 if L<=50.

We then decide lj j=1,…,2M-1, by
1) First let lj =Z, where 
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2) For the rest n*-(2M-1)Z packets, add lj by 1 based on the ascending order of the Hamming weight of the binary expansion of j until 
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	M
	a
	b

	4
	-1.0039
	0.9348

	5
	-0.9704
	1.2243


Table 2 Parameters for deciding l0.
The network coding scheme is the same as described in Section 2.
4. Numerical Results

We now present some simulation results. We assume the number of users in the service is K=10. We evaluate total number of recovered packets as a function of number of retransmission and compare it with the performance of the basic scheme described in [2] and its two variations, namely, the truncated version and random selection. 

We first the case of network coding scheme in E-MBS without a feedback channel. We consider the option 1. Fig. 1 and 2 illustrate the performance of L=100 for the packet loss rate 0.05 and 0.02, respectively. Fig. 3 and 4 illustrate the performance of L=75 for the packet loss rate 0.05 and 0.02, respectively. Fig. 5 and 6 illustrate the performance of L=50 for the packet loss rate 0.05 and 0.02, respectively.  Fig. 7 and 8 illustrate the performance of L=37 for the packet loss rate 0.05 and 0.02, respectively. We can see that for all the cases, the proposed scheme performance better than the schemes presented in [2]. With option 2, the performance is slightly inferior for the four cases of L in Table 1. However, option 2 provides a scheme for general L without any zero-padding.

For the case with a very limit feedback, we illustrate the performance of L=100 as a function of the packet loss rate in Fig. 9. The number of retransmissions Q=15 and 25 are considered. We can see that with Q=25, the proposed coding scheme almost recovers all the lost packets.
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Fig. 1 Packet recovery performance of retransmissions using proposed coding scheme for E-MBS with number of MS’s K=10. M=5, T=37, L=100, pack loss rate 0.05.
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Fig. 2 Packet recovery performance of retransmissions using proposed coding scheme for E-MBS with number of MS’s K=10. M=5, T=37, L=100, pack loss rate 0.02.
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Fig. 3 Packet recovery performance of retransmissions using proposed coding scheme for E-MBS with number of MS’s K=10. M=5, T=37, L=75, pack loss rate 0.05.
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Fig. 4 Packet recovery performance of retransmissions using proposed coding scheme for E-MBS with number of MS’s K=10. M=5, T=37, L=75, pack loss rate 0.02.

[image: image16.emf]0 5 10 15 20 25

0

5

10

15

20

25

30

Number of retransmissions

number of recovered packets

 

 

without network coding

basic [2]

truncated [2]

random [2]

proposed code, M=5, T=37


Fig.5 Packet recovery performance of retransmissions using proposed coding scheme for E-MBS with number of MS’s K=10. M=4, T=37, L=50, pack loss rate 0.05.
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Fig.6 Packet recovery performance of retransmissions using proposed coding scheme for E-MBS with number of MS’s K=10. M=4, T=37, L=50, pack loss rate 0.02.
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Fig.7 Packet recovery performance of retransmissions using proposed coding scheme for E-MBS with number of MS’s K=10. M=4, T=37, L=25, pack loss rate 0.05.
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Fig.8 Packet recovery performance of retransmissions using proposed coding scheme for E-MBS with number of MS’s K=10. M=4, T=37, L=25, pack loss rate 0.02.
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Fig.9 Packet recovery performance of retransmissions using proposed coding scheme with limited feedback for E-MBS, K=10. M=5, T=37, L=100.
4. Proposed Text
We would like to propose the following text to IEEE 802.16m AWD.

================================= Start of Proposed Text=============================
15.x.x.x.1 Network Coding Based Retransmission 
15.x.x.x.1.1 Coding Based Retransmission without Feedback
An ABS first transmits L packets, P1,…, PL. After the L packets are transmitted, Q packet-slots are allocated for retransmission. The packets for retransmission R1,…,RQ are binary packet encoded from the original packet sequence P1,…, PL based on the following procedures.
Network encoding scheme:

The retransmission packets are obtained in multiple stages. First L packet sequence, P1,…, PL is ordered. In the z-th stage, z=0,1,…, the ordered sequence P1,…, PL are cyclic-shifted by zT times to the right and obtain the sequence order P1(z),…, PL(z).  M retransmission packets are generated by binary XORing the packets among the packets in the ordered packet sequence after cyclic-shift P1(z),…, PL(z). The coding is based on the following rules.
1. Group the packets P1(z),…, PL(z) to the packet sets 0,…,2M-1 in order based on the given size of j, lj=|j |, j=0,…, 2M-1.

2. Then retransmission packets RzM+1, …, R(z+1)M are generated as follows.
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where [image: image23.emf] denotes binary summation and jbin (m) denotes the m-th bit of binary representation of j. In other words, RzM+m is obtained by binary XORing of the data packet Pi if Pi ( j and the m-th bit of binary representation of j.

The size of j and parameters T, M are determined as follows

Option 1: The size of j and the values of T and M for different L are given in Table 1. For other L, all-zero packets are padded to reach the next larger L in the table. The retransmission packets are then obtained based on the network encoding as described above. 

	L
	T
	M
	lj=|j |, j=0,…2M-1

	100
	37
	5
	{33 6 6 3 6 3 3 1 5 3 3 1 3 1 1 1 5 3 3 2 3 1 1 0 3 1 1 0 2 0 0 1}

	75
	37
	5
	{5 6 6 3 6 3 3 1 6 3 3 1 3 1 1 1 5 3 3 2 3 2 1 0 3 1 2 0 2 0 0 1 }

	50
	37
	4
	{0 6 6 4 6 4 3 2 6 3 3 2 4 2 2 1};

	25
	37
	4
	{ 0 5 4 4 5 4 4 2}


Option 2: The size of j and the values of T and M for different L are given in by the following steps

   If L>= 50, set M=5, T=37, and 

1) First let lj =Z, where 
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, j=0,…, 2M-1.
2) For the rest L-2MZ packets, add lj by 1 based on the ascending order of the Hamming weight of the binary expansion of j until 
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   Else set M=4, T=37, and

1) First let l0 =0 and lj =Z, where 
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2) For the rest L-(2M-1)Z packets, add lj by 1 for j=1,…, 2M-1 based on the ascending order of the Hamming weight of the binary expansion of j until 
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15.x.x.x.1.2 Coding Based Retransmission with Very Limited Feedback
An ABS first transmits L packets, P1,…, PL. After the L packets are transmitted, a feedback of number of lost packet W is sent by every AMS in the service to ABS. The average packet loss rate is computed by
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where K denotes the total number of AMS’s with the feedback. Given p and M, we obtain size of 0, i.e., l0 as follows. 

First we obtain x* by
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where a,b are parameters given in Table 2.

Then, we obtain

n*=min{round(x*), L} 

and 
l0=L-n*.

We set 


T=37,


M=5 if L>50, or M=4 if L<=50.

We then decide lj j=1,…,2M-1, by

1) First let lj =Z, where 
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2) For the rest n*-(2M-1)Z packets, add lj by 1 based on the ascending order of the Hamming weight of the binary expansion of j until 
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	M
	a
	b

	4
	-1.0039
	0.9348

	5
	-0.9704
	1.2243


Table 2 Parameters for deciding l0.
We then apply the same network encoding scheme described in 15.x.x.x.1.1

================================= End of Proposed Text=============================
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