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1 Introduction
SDD specifies the E-MBS operation with network coding based retransmission. In Section 13.3.3 of SDD, it states “An ABS may use a network-coding based retransmission scheme that does not require a feedback channel.” 
This document conforms with SDD specification and describes the proposed AWD text on network coding based E-MBS retransmission without feedback. This harmonized document includes text from contributions C80216m-09_1682, C80216m-09_1684, and C80216m-09_2111. 
2 Simulation Results
We propose the harmonized scheme in this document. We compare different schemes here, including NTU (PRNC in C80216m-09_1682), NEC (C80216m-09_2111), Motorola (IEEE C802.16m-09/0072r1), without network coding, and the harmonized scheme (the proposed scheme in this document).

The simulation settings are as follows:

· One ABS broadcast to 10 AMSs. 
· In each trial, the ABS transmits L original packets. L = 25, 50, and 100. 

· We set different number of retransmission packets, from 1 to 25.

· The packet loss rate is 0.05

We use two metric for simulation:

· Received packets: the total number of packets decoded by 10 AMSs.
· All perfect ratio: a trial is successful if all AMSs decode all L packets. The all perfect ratio is the ratio of successful trials over total number of trials.
Fig. 1 shows the result of L= 25. We can see that harmonized scheme performs better than Motorola scheme and without network coding scheme (no NC). And fig. 2 shows the result that in all perfect ratio, harmonized scheme is also the best, and the ratio is much higher than Motorola and no NC.
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Fig. 3 and fig. 4 are results of L = 50. Fig. 5 and fig. 6 are results of L = 100. The harmonized scheme also performs well.
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We also simulate under different number of AMSs. And the harmonized scheme also performs well. [image: image7.emf]5101520
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Proposed Text to P802.16m Amendment Working Document
Add the following text into the amendment draft:

---------------------------------------------------Start of the proposed text------------------------------------------------------
15. 8 Support for Enhanced Multicast Broadcast Service
15. 8.2.3.X.1 Network Coding based E-MBS Retransmission
15. 8.2.3.X.1.1 Network Coding based E-MBS Retransmission without Feedback
For E-MBS retransmission without feedback, the number of original packets and redundancies should be specified prior to the E-MBS retransmission. The pre-defined codebook is used to determine the coding coefficient for network coding transmission. 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. In the E-MBS network coding subheader, Mode should be set to 01, PKT_N should be set to L, and PKT_T should be set to (L+Q). 
15. 8.2.3.X.2 Codebook for Network Coding Based E-MBS Retransmission

The codebook C is an L x T matrix, where L is the number of original packets, and T is the codebook size.
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Ci,j : i represents the code index, j represents the index of the original packets

Ci,j ({0, 1} 

Denote the original packets are P1, P2, P3, … , PL. One row of codebook C represents one set of coding coefficients. If Ci,j is 1, it means the coded packet i contains Pj. 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,L ]. The encoded packet is the XOR-based linear combination of the (P1C2,1 +P2C2,2 +P3C2,3 +… +PLC2,L). The coding coefficient index in the packet header of the encoded packet is set to 2, since the 2nd set of coding coefficient in the codebook is used.
An ABS first transmits L packets, P1,…, PL. Therefore, for row 1 to row L, Ci,j = 1 if i = j.

For row L+1 to L+M, the codebook generating function is as follows. If L > 50, set M=5, else set M=4.
1. Group the packets P1,…, PL to the packet sets 0,…,2M-1 in order based on the given size of n, ln=|n|, n=0,…, 2M-1.

2. Then retransmission packets R1, …, RM are generated as follows.
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where [image: image13.emf] denotes binary summation and nbin (m) denotes the m-th bit of binary representation of n. In other words, Rm is obtained by binary XORing of the data packet Pj if Pj ( n and the m-th bit of binary representation of n. Therefore the codebook coefficients Cij for i=L+1,…,L+M are given by
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The code definition {ln},can be obtained from {l'n} as follows
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where ln’=|n’| , 
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, and {n’} are the packet sets including the retransmission packets, defined as
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To obtain the code {ln’},
1) If L=25, 50, 75, or 100, {ln’} and M are obtained from Table x.

	L
	T
	M
	{ ln’ : ln’=|n’ |, n=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 3 3 2 3 2 2 1 3 2 2 1 2 1 1 1}


Table x: Code graph definition for generating first M retransmission packets.
2) For other L,

Find the minimum L* in {25,50,75,100} that is greater than L and the corresponding codebook set defined in Table x. 

Then based on the following process, we remove the bit one by one from the set until 
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:
· Find maximum ln’ in the updated set and set ln’ = ln’ -1. If there are several ln’ with the same maximum value, we set ln’= ln’ -1 based on the descending order of the Hamming weight of the binary expansion of n. Repeat this until 
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For row i > L+M in the codebook,

The parameter a and k are positive integers
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For example,

a = 2, k = 0, CL+M+1,j = 1 if j mod 2 = 0
a = 3, k = 0, CL+M+2,j = 1 if j mod 3 =0

a = 3, k = 1, CL+M+3,j = 1 if j mod 3 =1

a = 4, k = 0, CL+M+4,j = 1 if j mod 4 =0
15. 8.2.3.X.3 Packet Header Format for Network Coding E-MBS Retransmission

	Syntax
	Size
	Notes

	Mode
	2-bit
	Mode = 00 : uncoded
Mode = 01 : network coding without feedback

Mode = 10 : network coding with limited feedback
Mode = 11 : network coding with common feedback

	PKT_T_Flag
	1-bit
	This bit indicates that PKT_T is included in the header.

PKT_T_Flag=0: PKT_T is NOT included.

PKT_T_Flag=1: PKT_T is included.

	Feedback_Info_Flag
	1-bit
	This bit indicates the presence of Feedback Information. 

Feedback_Info_Flag=0: No Feedback Information is contained.

Feedback_Info_Flag=1: There will be Feedback Information included in the header.


	Index
	8-bit
	This index indicates the row of coding coefficient in codebook C, if network coding is applied. If the packet is uncoded, this is the index of the original packet. 

	Batch_Sequence
	TBD
	Packets are encoded and decoded in the unit of batch. The batch sequence should be sent along with the header. It specifies the batch ID. Only packet within the same batch may be decoded using linear operation.

	PKT_N
	TBD
	The number of original packet.



	PKT_T(Optional)
	TBD
	The number of total transmitted packets in this batch. PKT_T is skipped if Feedback_Info_Flag


	Feedback Information

(Optional)
	TBD
	Feedback Information filed is skipped if Feedback_Info_Flag=0
Specify the operation taken for the feedback signal from AMS. 3 kinds of messages may be carried here.

Feedback_Threshold:
Threshold for the number of error packet to trigger AMS feedback

Termination_of_current_batch: 

Indicate the end of transmission for current batch. Next downlink radio resource block will be scheduled for packets from next batch.

Begin_of_Retransmission:

The retransmission for current batch will be scheduled for next radio resource block in E-MBS DL transmission.


Table Y: Network coding extended header format
---------------------------------------------------End of the proposed text-------------------------------------------------------
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