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A more efficient DL-MAP IE for MAPs 
Kanchei (Ken) Loa, Tsung-Yu Tsai, Yi-Hsueh Tsai, Yung-Ting Lee
Institute for Information Industry (III)
Introduction
In the current definition of the allocation of downlink data in WirelessMAN-OFDMA, each allocation (i.e. a burst) is indicated as a two-dimensional rectangle located in a table with time axis (OFDMA symbol) and frequency axis (sub-channel). For description of such a 2-D allocation, the current DL-MAP IE adopts totally four parameters, that is, a “OFDMA symbol offset” and a “OFDMA sub-channel offset” to locate the coordinate of the left-top point of the allocated rectangular, then, “number of OFDMA symbols” and “number of OFDMA sub-channels” to indicate its length and width respectively. This approach is quite intuitive, but seems not be efficient as well, since some parameters may not be necessary and bring additional MAP overhead. In this contribution, we prove that even without the knowledge of symbol offset and sub-channel offset, if we know the transmission sequence of each IE is conformed to some rules which are relative to the location of the bursts (e.g. appear along the time axis in a frequency first manner), it can also provide sufficient information to uniquely determine the location of all the bursts with only the knowledge of their length and width. Furthermore, based on the result of our proving, we propose a more efficient DL-MAP IE with only two parameters: “number of OFDMA symbols” and “number of sub-channels”. Theorically speaking, the new DL-MAP IE can save up to 30% overhead per IE. This improvement will become significant in several prevalent scenarios such as environment dominant by services with low data rate and small packet like VoIP where large amount of bursts may be aggregated in the same frame, or environment supporting multi-hop relay with non-transparent relay stations where not only DL-MAP but also R-MAP transmitted in a frame, where the impact of MAP overhead becomes more crucial.
Proposed MAP IE

Table 1 is our proposed new DL-MAP IE. Briefly speaking, our proposed new IE has two main differences with that of the conventional DL-MAP IE in current draft document. First, instead of using four parameters to describe a burst, our new IE removes two parameters and only uses “number of OFDMA symbols” and “number of sub-channels” to represent a burst, thus our new IE has much less overhead. Second, the sequence of IEs is relative to the location (the left-top coordinate) of each bursts in which appears along the symbol axis in a frequency-first manner. That is, if the symbol offset of a burst is smaller than that of another burst, the IE of this burst must be prior to that of another burst. For two bursts with the same symbol offset, the IE of the one with smaller sub-channel offset is the prior. With the information in the IEs, one can uniquely identify the location of each burst. The prove of the uniqueness and a demonstrative solution to decode the IEs are shown in Annex.
Table 1 DL-MAP IE
	Syntax 
	Size
	Notes 

	DL-MAP_IE() {
	
	

	DIUC
	4 bits
	

	if (DIUC == 14 {
	
	

	Extended-2 DIUC dependent IE
	variable
	

	} else if (DIUC == 15) {
	
	

	Extended DIUC dependent IE
	variable
	See subclauses following 8.4.5.3.1 

	} else {
	
	

	if (INC_CID == 1) {
	
	The DL-MAP starts with INC_CID =0. INC_CID is toggled between 0 and 1 by the CID-SWITCH_IE() (8.4.5.3.7)

	N_CID
	8 bits
	Number of CIDs assigned for this IE 

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

	If ( included in SUB-DL-UL-MAP) {
	
	 

	RCID_IE()
	variable
	For SUB-DL-UL-MAP, reduced CID format is used 

	} else { 
	
	 

	CID
	16 bits
	Represents the assignment of the IE to a broadcast, multicast, or unicast address.

	}
	
	

	}
	
	

	}
	
	

	OFDMA Symbol offset
	8 bits
	

	if (Permutation = 0b11 and (AMC type is 2x3 or 1x6)) {
	
	

	Subchannel offset
	8 bits
	

	Boosting
	3 bits
	000: normal (not boosted); 001: +6dB; 010: -6dB; 011: +9dB; 100: +3dB; 101: -3dB; 110: -9dB; 111: -12dB;

	No. OFDMA triple symbol
	5 bits
	Number of OFDMA symbols is given in multiples of 3 symbols

	No. Subchannels
	6 bits
	

	} else {
	
	

	Subchannel offset
	6 bits
	

	Boosting
	3 bits
	000: normal (not boosted); 001: +6dB; 010: -6dB; 011: +9dB; 100: +3dB; 101: -3dB; 110: -9dB; 111: -12dB;

	No. OFDMA Symbols
	7 bits
	

	No. Subchannels
	6 bits
	

	}
	
	

	Repetition Coding Indication
	2 bits
	0b00 – No repetition coding

0b01 – Repetition coding of 2 used

0b10 – Repetition coding of 4 used

0b11 – Repetition coding of 6 used

	} 
	
	

	} 
	
	


In order to facilitate the incorporation of this proposal into IEEE 802.16j standard, specific changes to the draft standard P802.16j/D4 are listed below.
Spec changes
8.4.5.3 DL-MAP IE format
[Insert the following paragraphs at end of 8.4.5.3 DL-MAP:]
Table xxx Compressed DL-MAP IE
	Syntax 
	Size
	Notes 

	Compressed_DL-MAP_IE() {
	-
	-

	DIUC
	4 bits
	

	if (DIUC == 14 {
	-
	-

	Extended-2 DIUC dependent IE
	variable
	

	} else if (DIUC == 15) {
	-
	-

	Extended DIUC dependent IE
	variable
	See subclauses following 8.4.5.3.1 

	} else {
	-
	

	if (INC_CID == 1) {
	-
	The DL-MAP starts with INC_CID =0. INC_CID is toggled between 0 and 1 by the CID-SWITCH_IE() (8.4.5.3.7)

	N_CID
	4 bits
	Number of CIDs assigned for this IE 

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

	RCID_IE()
	variable
	For R-MAP, RS_Access-MAP and RS_Relay-MAP, reduced CID format is used 

	}
	-
	-

	}
	-
	-

	Boosting
	3 bits
	000: normal (not boosted); 001: +6dB; 010: -6dB; 011: +9dB; 100: +3dB; 101: -3dB; 110: -9dB; 111: -12dB;

	if (Permutation = 0b11 and (AMC type is 2x3 or 1x6)) {
	-
	-

	No. OFDMA triple symbol
	5 bits
	Number of OFDMA symbols is given in multiples of 3 symbols

	} else {
	-
	-

	No. OFDMA Symbols
	7 bits
	

	}
	-
	-

	No. Subchannels
	6 bits
	

	Repetition Coding Indication
	2 bits
	0b00 – No repetition coding

0b01 – Repetition coding of 2 used

0b10 – Repetition coding of 4 used

0b11 – Repetition coding of 6 used

	} 
	-
	-

	} 
	-
	-


[Modify the following subclause 6.3.2.3.90 as following indicated:]
6.3.2.3.90 RS access MAP (RS_Access-MAP) message
Table 183ac—RS Access MAP message format
	Syntax 
	Size
	Notes 

	Indicator
	8 bits
	Bit 0: 0: Parameters of DL_Frame_Prefix remain same with the latest Configuration.
1: The parameters of DL_Frame_Prefix are updated.

Bit 1: 0: RS shall use Normal map format,
1: RS shall use Compressed map format

Bit 2: 0: DL-MAP not included
1: DL-MAP included

Bit 3: 0: UL-MAP not included

1: UL-MAP included

Bit 4: 0: SUB-DL-UL-MAP not included

1: SUB-DL-UL-MAP included

Bit 5: 0: HARQ-MAP not included

1: HARQ-MAP included
Bit 6: 0: Normal DL-MAP IE

1: Compressed DL-MAP IE

Bit 6-7: reserved


	DL_IE count
	8 bits
	Number of DL_IE in the burst

	If(DL-MAP IE format == 0b0) {
	
	

	for(i=0;i<DL_IE count; i++){
	
	

	DL-MAP_IE()
	variable
	

	}
	
	

	} else {
	
	

	RCID_Type
	2 bits
	0b00 = Normal CID

0b01 = RCID 11

0b10 = RCID 7

0b11 = RCID 3

	for(i=0;i<DL_IE count; i++){
	
	

	Compressed_DL-MAP_IE()
	variable
	

	}
	
	

	}
	
	


[Modify the following subclause 8.4.5.10 as following indicated:]
8.4.5.10 R-MAP message
Table 496a—R-MAP message format
	Syntax 
	Size
	Notes 

	RCID_Type
	2 bits
	0b00 = Normal CID

0b01 = RCID 11

0b10 = RCID 7

0b11 = RCID 3

	DL-MAP IE format
	1 bit
	0b0 = Normal DL-MAP IE

0b1 = Compressed DL-MAP IE

	Length
	11 bits
	Length of R-MAP in bytes

	DL_IE count
	6 bits
	Number of DL_IE in the burst

	UL_IE count
	6 bits
	Number of UL_IE in the burst

	for(i=0;i<DL_IE count; i++){
	
	

	If(DL-MAP IE format == 0b0) {
	
	

	DL_-MAP_IE()
	variable
	

	} else {
	
	

	Compressed_DL-MAP_IE()
	variable
	

	}
	
	

	}
	
	


Annex
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Figure 1 Rectangular zone

In Figure 1, let the rectangular zone and the k-th burst denote as R and Bk, and the left-top corner of the R and Bk are pR ( <cR, sR> and pk ( <ck, sk>, where CR and SR are number of the sub-channel and the OFDMA symbol of the zone, respectively; Ck and Sk are numbers of the sub-channel and the OFDMA symbol of the k-th burst, respectively; CR, SR, Ck, Sk ( Positive Integer; cR, sR, ck, sk ( Non-negative Integer.

· Define f(p) = a((p ( pR) = (c ( cR) + CR((s ( sR), where a ( (1, CR) and p ( (c, s) represent the location of the point at the c-th sub-channel and the s-th OFDMA symbol. The following axioms shall be satisfied

1. f(pR) = 0
proof:
f(pR) = a((pR ( pR) = 0

2. CR(SR ( 1 ( f(p) ( 0 for every p ( R
proof:
CR ( 1 ( c ( cR ( 0 and SR ( 1 ( s ( sR ( 0 for every p ( R

( f(p) = (c ( cR) + CR((s ( sR) ( 0 for every p ( R

( f(p) = (c ( cR) + CR((s ( sR) ( (CR ( 1) + CR((SR ( 1) = CR(SR ( 1 for every p ( R

proofed
3. f(pi) = f(pj) if and only if pi = pj, for every pi, pj ( R
4. f(pi) ( f(pj) if and only if pi ( pj, for every pi, pj ( R
proof: (() if ci = cj and si = sj

( f(pi) ( f(pi) = (ci ( cj) + CR((si ( sj) = 0

( f(pi) = f(pj)

(() if ci ( cj and si = sj

( f(pi) ( f(pi)| = (ci ( cj) + CR((si ( sj) = (ci ( cj) ( 0

( f(pi) ( f(pj)

(() if si ( sj

( CR ( 1 ( |ci ( cj| ( 0 and |si ( sj| ( 1

( |f(pi) ( f(pj)| = |(ci ( cj) + CR((si ( sj)| ( CR(|(si ( sj)| ( |(ci ( cj)| ( CR ( (CR ( 1) = 1

( f(pi) ( f(pj)

(()proofed
5. pk ( Bk and f(pk) ( f(p) for every p ( Bk if and only if pk is the left-top corner of Bk
proof: (() if pk ( Bk and pk is the left-top corner of Bk

( c ( ck and s ( sk for every p ( Bk

( f(p) = (c ( cR) + CR((s ( sR) ( (ck ( cR) + CR((sk ( sR) = f(pk) for every p ( Bk

(() let q ( Bk and f(q) ( f(p) for every p ( Bk and pk is the left-top corner of Bk

( f(pk) ( f(q) ( f(pk)

( f(q) = f(pk)

( from axiom (3), q = pk

(() proofed
· Assume the whole zone is filled up non-overlapped bursts, i.e., 
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6. Let p ( R, then we can find only one Bk ( R such that p ( Bk
proof:
assume p ( Bk for every Bk ( R

( 
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( conflict, we can find at least Bl ( R such that p ( Bl

assume we can find Bi, Bj ( R such that p ( Bi and p ( Bj

( p ( Bi ( Bj = (

( conflict, we can find only one Bl ( R such that (c, s) ( Bl
7. Let 
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 and q ( Qk such that f(q) ( f(p) for every p ( Qk, then we can find only one Bl ( Qk such that q is the left-top corner of Bl
proof:
assume q ( Bl for every Bl ( Qk

( 
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( conflict, we can find at least Bl ( Qk such that q ( Bl

f(q) ( f(p) for every p ( Qk

( f(q) ( f(p) for every p ( Bl ( Qk

( from axiom (5), q is the left-top corner of Bl
· Assume the k-th burst IE, denotes as IEk, contains non-zero parameter (Ck, Sk) and appears in the MAP with following sequence IE1, …, IEk , …, IEN, where i < j if f(pi) < f(pj) and pk denotes the left-top corner of the k-th burst (Bk); Ck and Sk are numbers of the sub-channel and the OFDMA symbol of the k-th burst, respectively; Ck, Sk ( Positive Integer; ck, sk ( Non-negative Integer. The following axioms shall be satisfied

8. The sequence of IE: IE1, …, IEk , …, IEN is unique
proof:
Bi ( Bj = ( for i ( j

( pi ( pj, where pk denotes the left-top corner of the k-th burst

( from axiom (4), f(pi) ( f(pj)

( The sequence of IE: IE1, …, IEk , …, IEN is unique

· Let pR ( <cR, sR> denotes the left-top corner of the zone (R), pk ( <ck, sk> denotes the left-top corner of the k-th burst (Bk), Dk = {p| p ( <c, s>; Ck > c ( 0 and Sk > s ( 0 } and Bk = Dk + pk = {p + pk| p ( Dk}, then the estimated left-top corner of the k-th burst is qk can be determined as follows:
(a) The left-top corner of the 1st IE is q1 = pR.
(b) Let Q2 = R ( C1 = {p| p ( R and p ( C1}, where C1 = D1 + q1 = {p + q1| p ( D1}
(c) The left-top corner of the kth IE is qk such that f(qk) ( f(p) for every p ( Qk
(d) Let 
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, where Ck = Dk + qk = {p + qk| p ( Dk}
The following axioms shall be satisfied
9. Based on (Ck, Sk) and sequence IE1, …, IEk , …, IEN, qk = pk for i = 1 to N
proof: from axiom (5) and (6)

( we can find only one Bk ( R such that pR ( Bk and pR is the left-top corner of Bk

( Bk = B1 since f(pR) < f(pk) for every pk ( R and pk ( pR

assume qk = pk for k = 1 …, n

( Cn = Dn + qn = Dn + pn = Bn


and 
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( let qn+1 is the point such that f(qn+1) ( f(p) for every p ( Qn+1

( from (7), we can find only one Bl ( Qn+1 such that qn+1 is the left-top corner of Bl

( 
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( qn+1 = pl = pn+1 since f(qn+1) ( f(pn+1) ( f(pk) for every pk ( Qn+1
· Let Bm is a known rectangular zone with (Cm, Sk) and the left-top corner pm and let 
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. Assume the k-th burst IE, denotes as IEk, contains non-zero parameter (Ck, Sk) and appears in the MAP with following sequence IE1, …, IEm-1, IEm+1, …, IEN, where i < j if f(pi) < f(pj) and pk denotes the left-top corner of the k-th burst (Bk); Ck and Sk are numbers of the sub-channel and the OFDMA symbol of the k-th burst, respectively; Ck, Sk ( Positive Integer; ck, sk ( Non-negative Integer.
Let pR ( <cR, sR> denotes the left-top corner of the zone (R), pk ( <ck, sk> denotes the left-top corner of the k-th burst (Bk), Dk = {p| p ( <c, s>; Ck > c ( 0 and Sk > s ( 0 } and Bk = Dk + pk = {p + pk| p ( Dk}, then the estimated left-top corner of the k-th burst is qk can be determined as follows:
(a) The left-top corner of the 1st IE is q1 = pR.
(b) Let Q2 = R ( C1 = {p| p ( R and p ( C1}, where C1 = D1 + q1 = {p + q1| p ( D1}
(c) The left-top corner of the kth IE is qk such that f(qk) ( f(p) for every p ( Qk
(d) Let 
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, where Ck = Dk + qk = {p + qk| p ( Dk 
The following axioms shall be satisfied

10. The sequence of IE: IE1, …, IEm-1, IEm+1, …, IEN is unique
proof:
Bi ( Bj = ( for i ( j

( pi ( pj, where pk denotes the left-top corner of the k-th burst

( from axiom (4), f(pi) ( f(pj)

( The sequence of IE: IE1, …, IEm-1, IEm+1, …, IEN is unique
11. Based on (Ck, Sk) and sequence IE1, …, IEm-1, IEm+1, …, IEN, qk = pk for i = 1 to N
proof: from axiom (9), we can find qk = pk for i = 1 to m ( 1

since Bm is a known rectangular zone thus qm = pm

then from axiom (9), we can find qk = pk for i = m + 1 to N
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