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Proposed Text for IEEE P802.16m/D1: Network Coding based E-MBS Retransmission
Ching-Chun Chou, Hung-Yu Wei, Cheng-Chih Chao
National Taiwan University
Chun-Yen Wang, Frank Ren
ITRI
1 Introduction
Network coding retransmission for E-MBS shall be specified so that the retransmission may improve the E-MBS quality. Retransmission with and without feedback mechanism requires corresponding signaling messages and packet headers for operation.
This contribution proposes network coding retransmission with and without feedback for E-MBS. Packet header format and related signals are presented along with the retransmission mechanism.

2 E-MBS with Network Coding Data Retransmission
E-MBS adopts the option of network coding for data retransmission. [1]
E-MBS may serve both active mode users or idle mode users. It is highly possible that the signaling for E-MBS subscribers may consume different amount of radio resources. As a result, network coding based retransmission shall be categorized into two classes. For the scenario with high signaling cost, network coding based retransmission without feedback should be applied. 

For the case with low or acceptable signaling cost, feedback provides more information to the ABS and facilitates the retransmission. With the feedback information, we can limit the number of redundant packets or decrease the number of transmission.
2.1 Network Coding based Retransmission without Feedback

For network coding retransmission without feedback, the degree of redundancy should be decided prior to E-MBS transmission. We suggest the codebook facilitated retransmission. Refer to C80216m-09_1684 for the detail designs on network coding codebook [2].
Without loss of generality, suppose that N packets are scheduled for E-MBS transmission and R redundancies are specified. The codebook is leveraged for the coding coefficient generation. The original N packets and R redundant packets for the E-MBS are encoded using the coefficient specified in the codebook, resulting in a total of N+R packets.
For example, 8 packets for transmission and 4 redundant packets are specified. The encoding should be
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Figure 1: the contents of the network coded packets. Original data packet and the coding coefficients are also illustrated.
The network coded packets Packet1 contains the original packet P1. Packet2 carries the XOR of the original packet P1 and P2. Corresponding coded packets and their coefficients are shown in the Figure 1.
If the codebook is specified, the ABS and AMS may query the specific codebook for the corresponding coding coefficient. The first 8 packets from Packet1 to Packet8 are the original packets, and Packet9 to Packet12 are redundant packets. These redundant packets should serve the function of data recovery. If one or more of the first 8 original packets are corrupt, the Packet9 to Packet12 may fix the errors. Simulation results are provided in C80216m-09/1684 as references. It should be noticed that codebook may record linear coding coefficients.
2.2 Network Coding based Retransmission with Feedback

For network coding retransmission with feedback, we propose the feedback threshold for the number of packet transmission within the current batch. For each batch, AMS shall records the number of erroneous packets. If the number of corrupt packets reaches the feedback threshold, AMS should send feedback signal through the given common feedback channel. Common feedback channel is allocated before the E-MBS transmission. It serves to reduce the cost of feedback and fast signaling among AMSs. 
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Figure 2: the number of error reaches the feedback threshold. Therefore, AMS send the uplink feedback signal to the ABS. ABS should trigger retransmission accordingly.
Figure 2 gives an illustrative example for the feedback signal operation. Packets are distributed from P1, P2, etc. Each AMS should keep a counter for the number of error packet. Once the counter reaches the feedback threshold, AMS should report to the ABS using feedback signal. ABS, on receiving the feedback signal, should stop the current packet transmission and schedules the network coded retransmission packet.
2.2.1 Feedback Signal
Specific CDMA codes should be reserved for feedback. These CDMA codes are sent through the common feedback channel and they indicate the number of error packets reaching the threshold. ABS should schedule the retransmission in the next frame or subframe.
2.3 Network Coding Packet Header Format

For the codebook and feedback implementation, the packet header format for E-MBS should be modified accordingly. We propose the following packet header format:
Table 1: Proposed E-MBS packet header format

	Syntax
	Size
	Notes

	Uncoded
	1
	This is a flag indicating whether the packet is encoded or not.
Uncoded=0: this packet is a network coding encoded packet. Coefficients are defined as the codebook specification.
Uncode=1: this packet is not encoded.

	Index
	TBD
	If this packet is network coding encoded (Uncoded=0), it indicates the coding coefficient in the given codebook for current packet.
If this is the original packet (Uncoded≠0), Index should be the packet sequence.

	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 number. Only packet within the same batch may be decoded using linear operation.

	PKT_N
	TBD
	It represents the number of original packet.

If Uncoded = 0, under previous example, it is 8.
If Uncoded≠0, this field should be omitted

	PKT_T(Optional)
	TBD
	It represents the number of coded packet being sent. If there exist uncoded packets, it is the sum of coded and uncoded packet.
If Uncoded = 0, in the previous example with coded packet only, it is 12=8+4
If Uncoded≠0, this field should be omitted

	Feedback Information

(Optional)
	TBD
	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.













Figure 3: Sample Illustration for Network Coding Retransmission without Feedback.
In this case, ABS is going to send packet P1 to P10 to all the subordinate AMS 1 to m. Network coding retransmission without feedback is applied. The number of packet for transmission is 8, and 10 coded packets are sent. Therefore, PKT_N=8 and PKT_T=10. Original packets P1 to P8 are encoded using the coding coefficient generated from the codebook in Figure 1. As we can see, coding coefficients are specified as the variable Index in the packet header.


Figure 4: Sample Illustration for Network Coding Retransmission with Feedback (Feedback_Threshold=2)
This figure demonstrates the operation details for retransmission with feedback. First, uncoded packets are sent for MBS. If there are error packets, and the number of error packets reaches the Feedback_Threshold, network coding retransmission should be triggered. In this case, the batch size varies with the feedback status. 
For the Feedback_Threshold=2, it means that within the current transmission, there should be at most 1(=Feedback_Threshold-1=2-1) error packet inside current batch. Therefore, AMS 2 sends feedback at Packet8 because of the 2 error packet at Packet2 and Packet8.
After the feedback, ABS knows the current PKT_N=8. Thus the following packet headers are updated. 1 retransmission packet is sent for data recovery. AMS 1~3 can fix their error packet using Packet9, which is the coded packet from P1 to P8. 

Next multicast transmission should start at Packet8, which is P8. The error packet counter for each AMS should be reset.
Proposed Text to P802.16m Amendment Working Document
Add the following text into the amendment draft:

---------------------------------------------------Start of the proposed text------------------------------------------------------
X.1 Network Coding based E-MBS Retransmission
E-MBS may supports network coding retransmission with/without feedback. 

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.
X.1.2 Network Coding based E-MBS retransmission with Feedback

AMS may signal the ABS if the number of error packet reaches the feedback threshold specified in the E-MBS packet header. The feedback signal from AMS should be sent through common feedback channel.
Y Packet Header Format for E-MBS Retransmission

The packet header format for E-MBS transmission 

	Syntax
	Size
	Notes

	Uncoded
	1
	This is a flag indicating whether the packet is encoded or not.

Uncoded=0: this packet is a network coding encoded packet. Coefficients are defined as the codebook specification.

Uncode=1: this packet is not encoded.

	Index
	TBD
	If this packet is network coding encoded (Uncoded=0), it indicates the coding coefficient in the given codebook for current packet.
If this is the original packet (Uncoded≠0), Index should be the packet sequence.

	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 number. Only packet within the same batch may be decoded using linear operation.

	PKT_N
	TBD
	It represents the number of original packet.

If Uncoded = 0, under previous example, it is 8.
If Uncoded≠0, this field should be omitted for those uncoded packet. For coded packet, this field should be the number of original packet.

	PKT_T(Optional)
	TBD
	It represents the number of coded packet being sent. If there exist uncoded packets, it is the sum of coded and uncoded packet.
If Uncoded = 0, in the previous example with coded packet only, it is 12=8+4
If Uncoded≠0, this field should be omitted

	Feedback Information

(Optional)
	TBD
	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.


The packet header format may be used for E-MBS data transmission if the original packets are also encoded with the coding coefficient from the codebook.
---------------------------------------------------End of the proposed text-------------------------------------------------------
References

[1] IEEE 802.16m-09_0034.pdf, SDD text section 13.3.3

[2] C80216m-09_1684.doc, “Proposed Text for IEEE P802.16m/D1: Network Coding Codebook Design for E-MBS,” Hung-Yu Wei, Cheng-Chih Chao, Ching-Chun Chou
Uncoded    = 1


Index      = 1


Batch_Seq  = 1


PKT_N     = 8


PKT_T     = 10





ABS





AMS 1





Packet 1=P1





AMS m





Packet 3=P1⊕P2⊕P3





Packet 9=P1⊕P3⊕P5⊕P7





Packet 10=P1⊕P4⊕P7





Uncoded    = 1


Index      = 3


Batch_Seq  = 1


PKT_N     = 8


PKT_T     = 10





Uncoded    = 1


Index      = 9


Batch_Seq  = 1


PKT_N     = 8


PKT_T     = 10





Uncoded    = 1


Index      = 10


Batch_Seq  = 1


PKT_N     = 8


PKT_T     = 10





P1





P1





P8





P8





P1





P1





Uncoded    = 1


Index      = 4


Batch_Seq  = 1


Feedback_Threshold=2





Uncoded    = 0


Index      = 8


Batch_Seq  = 1


PKT_N     = 8


Begin_of_Retransmission





AMS 2








Packet 9=P1⊕……⊕P8





X: Error packet





Packet 3=P4





AMS 1





X





ABS





AMS 3





X





X





X





Packet 1=P1





Uncoded    = 1


Index      = 1


Batch_Seq  = 1


Feedback_Threshold=2





Feedback









  


_1312806234.unknown

