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2. Overhead Reduction for Downlink Bursts: A Compressed MAC Header
2.1. Introduction
We describe an overhead reduction technique for downlink data bursts through MAC Header compression. The technique features a 2% to 10% overhead reduction of every MAC PDU for typical types of applications at most time, and is fully compatible with the current existing architecture described in the working document [3]. The details of the proposed scheme, including its potential gains and hardware implementation complexity, are illustrated as follows.
2.2. Working Principle
Our proposed scheme comprises:

(i) A 1-bit indicator (C_HDR), selected out of the 4-bit
 padding nibbles present in each DS-MAP_IE when it is used to specify a data burst, denoting the activation of the proposed scheme or not. 

(ii) The removal of CIDs in the generic header of all MAC PDUs within the data burst specified by the same DS-MAP_IE when the following conditions are satisfied:

-
INCLUDE_CID = 1 for that DS-MAP_IE.

-
There is only one MAC PDU per user
 present in the same data burst specified by a single DS-MAP_IE.

We note that the CID originally present in the generic MAC header will be used in the DS-MAP_IE when our scheme is applied. When there exists a user having multiple MAC PDUs in a single data burst, C_HDR=0 and the original scheme is used instead.

2.2.1. Message Format of DS-MAP_IE

The DS-MAP_IE defines the time-frequency position and the size of a burst. Table 1 shows the modified DS-MAP_IE [Table 32, 3]. A 1-bit C_HDR is added and the padding nibble size is modified accordingly. We note that a modification is needed in the original working document even without our proposed scheme.

The padding nibbles should be of variable length (3 or 4 bits) when DIUC != 15, depending on the value of INCLUDE_CID. Consider the example of DIUC != 15 and INCLUDE_CID = 0. The number of padding nibbles required is only 3 bits instead of the fixed 4 bits as specified in the working document. 

With our scheme, the number of padding nibbles is fixed 3 bits when DIUC != 15 and 4 bits otherwise. We note that there is no additional overhead compared to the original DS-MAP_IE structure. The only modification is to exploit 1 bit of the original padding nibbles in a more meaningful way. 

Table 1 DS-MAP_IE
	
Syntax
	Size
	Notes

	DS-MAP_IE() {
	
	

	DIUC
	4 bits
	

	If (DIUC == 15){
	
	

	
Extended DIUC dependent IE
	variable
	

	}
	
	

	else{
	
	

	
if (INCLUDE_CID == 1){
	
	

	
C_HDR
	1 bit
	1 – Remove CID from the generic MAC Header.

	
N_CID
	7 bits
	

	

for (n==0; n<N_CID;n++){
	
	

	


CID
	16 bits
	

	

}
	
	

	

}
	
	

	
Channel Offset
	7 bits
	

	
Number of Channels
	7 bits
	

	
Slot Offset
	8 bits
	

	
Number of Slots
	8 bits
	

	
Boosting
	3 bits
	000:  normal (not boosted)

001: +6dB

010: -6dB

011: +9dB

100: +3dB

101: -3dB

110: -9dB

111: -12dB

	
}
	
	

	If ! (byte boundary)
	
	

	     Padding Nibble
	3 or 4 bits
	3 – DIUC ~= 15; 4 – DIUC == 15

	}
	
	


2.3. Performance Analysis
2.3.1. Overhead Savings

The overhead reduction achieved by the proposed scheme is at no cost, without introducing any extra overheads in all time, i.e. it is free in principle. We note that the 4-bit1 padding nibbles in the current working document are ALWAYS present in each DS-MAP_IE when DIUC != 15 (see Table 32 of [3]) in order to satisfy the byte boundary. Therefore, the 4-bit1 padding nibbles can be used in a more meaningful way and 1 bit out of the 4 bits1 is exploited in our proposal.

We here provide the resulting gain using our proposal for various types of services. Some of them were actually given in our previous results and were gathered here again for your convenience.
According to [Section 5.3, 4], 1.5Mbps is only a minimum peak throughput rate in the forward link for a subscriber. To our understanding, the maximum number of active users and the traffic types should not be limited by the peak throughput rate. The main service of WRAN is high-speed Internet connection in rural areas and each user usually does not send data with this 1.5Mbps peak rate continuously. We believe that the average throughput of each user should be much less than this rate. Hence, the design should be based on more meaningful statistics of the packets distribution in the network.
As mentioned by Carlos, the frame duration of 802.22 is subject to modification later and shorter frames of durations 5ms and 10ms may be supported. In consideration of the subject-to-change parameters and the comparable operating bandwidth and similar type of applications plus frame structure between the 802.16 and 802.22, the results shown below are based on the typical packet size of different traffic types extracted from an 802.16 system [1]. 

Instead of providing the overall gain for a specific type of mixed voice/data traffic, we here provide the gain for each type of traffic in which we believe to be more insightful and flexible.
Bursty Traffic

1. 
Bursty Traffic (e.g. Internet telnet service/Email service)


- Geometrically Distributed with mean 90 bytes, which are lower-bounded by 25 bytes and upper-bounded by 256 bytes.

2. 
Sporadic Data Traffic (e.g. Upstream web traffic)


- Fixed 90 bytes.

3. 
Bursty and Bulky Traffic (e.g. Web browsing, FTP)


- Fixed 480 bytes.

Smooth Traffic

4. 
VoIP (Voice Data + 2-byte cRTP)


- VoIP1 (4.75kbps AMR): 
Fixed 21 bytes.


- VoIP2 (6.7kbps AMR): 
Fixed 26 bytes.


- VoIP3 (12.2kbps AMR): 
Fixed 40 bytes.

5. 
Variable-rate data traffic (e.g. compressed video)


- Geometrically Distributed with Mean 180 bytes, which are lower-bounded by 50 bytes and upper- bounded by 512 bytes.

6. 
MTU of Ethernet LAN


- Fixed 1500 bytes.

Since 802.11b supports a comparable bandwidth and a frame duration from several microseconds up to tens of milliseconds, we would also like to draw the attention to the statistics on the packet distribution [2] in a typical corporate network based on 802.11b. It is shown that over 60% of time the packet size is of only 44 bytes or even smaller. 
From Fig. 1(a) and 2(a), it can be seen that the statistical behaviour of the occurrence of packets with different lengths for the telnet/email service and compressed videos resemble those typical ones that can be acquired in a practical scenario. Fig. 1(b) and 2(b) further show their distribution of packet lengths.
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Fig. 1a: Packet length statistics of Internet telnet service/Email service (LB=25 bytes, UB=256 bytes).

[image: image2.emf]0 50 100 150 200 250 300

0

2

4

6

8

10

12

14

Percentage of Occurrence (%)

Packet Size (bytes)


Fig. 1b: Packet length distribution of Internet telnet service/Email service (LB=25 bytes, UB=256 bytes).
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Fig. 2a: Packet length statistics of compressed video (LB=50 bytes, UB=512 bytes).
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Fig. 2b: Packet length distribution of compressed video (LB=50 bytes, UB=512 bytes).
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Fig. 3: Percentage of overhead reduction in MAC PDUs with our CID-removal technique.

From Fig. 3, it can be observed that for most types of traffic, the gain achieved by our proposal is ranged from about 2% to near 10%. Only when the bulky traffic, such as FTP service, is applied the gain is relatively small. However, we note that this type of service is bursty and should not consume most of the system bandwidth on average. These actually show that our proposal can achieve a considerable amount of gain for most types of services at most time.

More importantly, our proposal does not impose any modification of the existing structures in other parts of the working document that are based on CID. The gain is achieved by removing redundancies instead of introducing new structures. 

2.3.2. Hardware Implementation Complexity 

We have consulted our experts in hardware implementation and the conclusion is that the scheme is at virtually no complexity increase.

With or without our scheme, the receiver ASIC has to look at the DS-MAP_IE (of variable length already) before it can handle the burst. With our scheme, after the ASIC processed the DS-MAP_IE, it will know whether there are CIDs or not in the MAC PDUs. The complexity in the process of detecting the extra 1-bit indicator is immaterial and our scheme will have apparently no impact on the remaining work of decoding the MAC PDUs, especially given the fact that all the MAC PDU headers in the burst are of the same size.
2.4. Conclusion
In summary, an overhead reduction technique was invented for the downlink data bursts. The typical packet distribution of an 802.16 system was taken as reference for the performance evaluation. The gain (up to 10%) achieved by our proposed scheme is at no extra cost of overhead nor any impact on the rest of the existing architecture in the working document. The scheme can also be implemented at virtually no extra hardware cost.
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Notice: This document has been prepared to assist IEEE 802.22. It is offered as a basis for discussion and is not binding on the contributing individual(s) or organization(s).  The material in this document is subject to change in form and content after further study. The contributor(s) 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 802.22.





Document Policy and Procedures: The contributor is familiar with the IEEE 802 Document Policy and Procedures 


<�HYPERLINK "http://standards.ieee.org/guides/bylaws/sb-bylaws.pdf"��http://standards.ieee.org/guides/bylaws/sb-bylaws.pdf�>, including the statement "IEEE standards may include the known use of document(s), including document applications, provided the IEEE receives assurance from the document holder or applicant with respect to documents essential for compliance with both mandatory and optional portions of the standard."  Early disclosure to the Working Group of document information that might be relevant to the standard is essential to reduce the possibility for delays in the development process and increase the likelihood that the draft publication will be approved for publication.  Please notify the Chair <�HYPERLINK "mailto:carl.stevenson@ieee.org"��Carl R. Stevenson�> as early as possible, in written or electronic form, if documented technology (or technology under document application) might be incorporated into a draft standard being developed within the IEEE 802.22 Working Group. If you have questions, contact the IEEE Document Committee Administrator at <�HYPERLINK "mailto:patcom@ieee.org" \n _blank��patcom@ieee.org�>.





























































































































































































































































































































































































































































































































































































































































































































































































































� A modification is needed for the 4-bit padding nibbles in the original working document. Please refer to Section 2.2.1.


� 0.8Mbps, 1.6Mbp and, 3.2Mbps are achieved for the presence of a single MAC PDU of size 2k bytes in a single frame of sizes 20ms, 10ms and 5ms, respectively
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