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A more efficient DL-MAP IE for MAPs 
Kanchei (Ken) Loa, Tsung-Yu Tsai, Yi-Hsueh Tsai, Yung-Ting Lee, Hua-Chiang Yin
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 described as a two-dimensional rectangle located in a table with time axis (OFDMA symbol) and frequency axis (sub-channel). In order to specify the burst with a 2-D allocation scheme, the existing DL-MAP IE, defined in P802.16Rev2/D4, utilizes four parameters, that are, a “OFDMA symbol offset” and a “OFDMA sub-channel offset” to locate the coordinate of the left-top point of the allocated rectangular, plus, “number of OFDMA symbols” and “number of OFDMA sub-channels” to indicate its length and width, respectively. This approach is intuitive, but carries 27-bit overhead. 

  For reducing the MAP overhead, this contribution proposes a compressed DL-MAP IE that just uses two parameters, which are “number of OFDMA symbols” and “number of sub-channels”, to perform the allocation description with 13-bit overhead. In addition, the mathematic proof is provided in the annex, which demonstrates that with the above two parameters the 2-D allocations of a DL zone can be uniquely determined as long as the sequence of Compressed DL-MAP IEs are ordered along the time axis in a frequency first manner.
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 table at the end of 8.4.5.3 DL-MAP IE format:]
MR-BS and RS may transmit Compressed DL-MAP IE to describe the data burst on the DL relay link. The sequence of Compressed DL-MAP IEs in the MAP, if present, are ordered along the OFDMA symbol number (in a ascending order) in a subchannel logical number (in a ascending order) first manner.
Table 380a 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
	8 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

	} 
	-
	-

	Padding 
	variable
	Shall be set to 0

	} 
	-
	-


[Modify line 13 of page 74 in Table 183c as indicated:]
6.3.2.3.87 RS access MAP (RS_Access-MAP) message
Table 183c—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


[Modify line 45 of page 74 in Table 183c as indicated:]
	DL_IE count
	8 bits
	Number of DL_IE in the burst

	If(bit #6 of indicator == 0) {
	
	

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

	If(RS DL fixed forwarding delay is not set and DIUC<=12){
	
	

	DL_Allocation_Reference_IE()
	variable
	

	}
	
	

	DL-MAP_IE()
	variable
	“DL-MAP” in DL-MAP or Compressed DL-MAP

	}
	
	

	} 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 line 16 of page 212 in Table 496a as 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
	

	}
	
	

	}
	
	


--- End of Spec Change --
Annex
The mathematical proof is provided here to assure that the 2-D allocations is unique in a rectangular zone by using Compressed DL-MAP IEs.
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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

proven
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)

(()proven
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

(() proven
· Assume the whole zone is filled up non-overlapped bursts, i.e., 
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 and Bi ( Bj = ( for i ( j. The following axioms shall be satisfied
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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