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Enhanced MCS for Demodulation-and-Forward Scheme in Transparent RS
1. Introduction
We propose an enhanced MCS for demodulation-and-forward scheme in transparent RS. The demodulation-and-forward scheme only demodulates and modulates the received signal to relay in symbol-by-symbol manner. In this scheme, RS can relay the received signal within one frame period. However, RS could suffer from frame delay when it adopts decode and forward scheme.
In addition, we think that MR-BS is required to have enhanced MCS for demodulation-and-forward scheme instead of the MCS in existing specifications of 802.16e. With making use of coding rate 2/3 and 5/6 for both QPSK and 16-QAM, which is absent between BS and MS link, the link quality between BS and RS can be enhanced by using lower modulation orders. And also, we want to suggest another encoding slot concatenation and its concatenation rule because slot concatenation of 64-QAM 1/2 cannot be fitted by that of QPSK 1/2 and 16-QAM 1/2 as shown by table-564 slots concatenation rule for CTC and table-565 encoding slot concatenation for different rates in CTC of 802.16e specifications.
2. Suggested Remedy
2.1 deModulation-and-Forward Scheme
There are two forward schemes as follows,

M&F (de-Modulation-and-Forward)

D&F (Decode-and-Forward)

M&F scheme is relaying data without decoding and re-encoding. RS which receives data from sender demodulates and modulates it, and relays regenerated data to receiver. Only one OFDM symbol gap is needed for RS to demodulate and modulate, RS can relay data within one frame by using M&F scheme. M&F scheme is required to apply to only transporting data to be relayed to the users except FCH, MAP and R-MAP.

D&F scheme is the most robust, hence higher modulation schemes can be used, because the Burst Profile on relay link and the Burst Profile on access link can be set individually. However it takes time to decode and re-encode data at RS, RS takes a few frames to relay data from sender to receiver. D&F scheme is required to apply to FCH, MAP and R-MAP.
2.2 M&F procedure

Figure-1 shows M&F scheme for direct relaying zone. In order to provide M&F, RS should demodulate data in the access zone, and then modulate them sequentially. For proper modulation, (1) RS may change modulation order of the demodulated data in the pilot and data modulation block. After that, (2) it generates PRBS by considering OFDM symbol offset value of the data. Finally, (3) it performs IFFT. The proposed M&F scheme needs at least one OFDM symbol so that RS can relay data directly within a single frame.
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Figure 1 M&F procedure

2.3 Modulation order change
In order to change the modulation order for access link into that for relay link, it is well-known fact that QPSK, 16QAM and 64QAM require 2, 4 and 6 bits for a point in its constellation mapping, respectively. For this reason, if an RS tries to change the modulation order of data, which was modulated with QPSK, into 16QAM, the number of required slots shrinks to a half. Figure-4 shows this case.
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Figure 2 example of changing the QPSK to 16QAM

FEC block size is determined by the modulation order and the number of allocated slots for a burst, and hence, it could change due to the modulation order change for direct relaying. In this case, there exists mismatching pair as to FEC block sizes employed in both access link and relay link. In order to avoid the mismatched pair during modulation order change, MR-BS has to prepare a MAP, which indicates the modulation order change for direct relaying zone, by considering the case. Table- shows every modulation order change, which can be employed for direct relaying zone. In this table-1, X indicates not-allowed modulation order change.
Table-1 Encoding slot concatenation for different rates in CTC

	MR-BS
	RS
	MS

	Modulation and rate
	j
	feasible MCS for M&F
	Modulation and rate
	j

	QPSK 1/2
	10
	O
	16QAM 1/2
	5

	QPSK 1/2
	10
	O
	64QAM 1/2
	3

	QPSK 3/4
	6
	O
	16QAM 3/4
	3

	QPSK 3/4
	6
	O
	64QAM 3/4
	2

	16QAM 1/2
	5
	O
	QPSK 1/2
	10

	16QAM 1/2
	5
	O
	64QAM 1/2
	3

	16QAM 3/4
	3
	O
	QPSK 3/4
	6

	16QAM 3/4
	3
	O
	64QAM 3/4
	2

	64QAM 1/2
	3
	X
	QPSK 1/2
	10

	64QAM 1/2
	3
	X
	16QAM 1/2
	5

	64QAM 3/4
	2
	O
	QPSK 3/4
	6

	64QAM 3/4
	2
	O
	64QAM 3/4
	2

	Not Applied
	X
	64QAM 2/3
	2

	
	X
	64QAM 2/3
	2

	
	X
	64QAM 5/6
	2

	
	X
	64QAM 5/6
	2


2.2 Enhanced MCS for M&F
To use the M&F scheme, existing MCS has many restrictions. Firstly, It is very inefficient to use various MCS because the other MCS of 64QAM 2/3 and 5/6 has no MCS having a same code rate and different modulation orders. In this contribution, we want to newly specify the four additional MCS and its required j value such as QPSK 2/3, QPSK 5/6, 16-QAM 1/2 and 16-QAM 5/6 as shown by table-aaa. 
And then, some FEC block boundary can not be fitted because existing j parameters of QPSK 1/2, 16-QAM 1/2 and 64-QAM 1/2 have 10, 5 and 3 respectively. For example, MR-BS using 64-QAM 1/2 can not change to relay to MS using QPSK 1/2 or 16-QAM 1/2. Therefore, we want to newly specify j parameter. 

Encoding slot concatenation for different rates in CTC when using M&F. j of QPSK 1/2 shall be 9, 16-QAM 1/2 shall be 4.5(or 4+
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) and 64-QAM shall be 3.3(or 3+
[image: image4.wmf]3

1

) as shown by table-565. by using j=9, QPSK 1/2 can be changed to 16-QAM and 64-QAM having a existing MCS of table-565, by using j=4.5, 16-QAM 1/2 can be changed to QPSK or 64-QAM having a existing MCS of table-565 and by using j=3.3, 64-QAM 1/2 can be changed to QPSK or 16-QAM having a existing MCS of table-565 as shown by table-bbb.

Table-aaa additional MCS for 64-QAM 2/3 and 5/6 when using M&F
	MR-BS(D&F)
	RS(M&F)
	Legacy MS(D&F)

	Required Modulation & rate
	Required j
	(
	Modulation & rate
	Existing j

	QPSK 2/3
	6
	
	64-QAM 2/3
	2

	16-QAM 2/3
	3
	
	64-QAM 2/3
	2

	QPSK 5/6
	6
	
	64-QAM 5/6
	2

	16-QAM 5/6
	3
	
	64-QAM 5/6
	2


Table-bbb j parameter for fitting the FEC block boundary when using M&F
	MR-BS(D&F)
	RS(M&F)
	Legacy MS(D&F)

	Existing Modulation & rate
	Modified j
	(
	Modulation & rate
	Existing j

	QPSK 1/2
	9
	
	64-QAM 1/2
	3

	16-QAM 1/2
	4.5
	
	64-QAM 1/2
	3

	64-QAM 1/2
	3.3
	
	QPSK 1/2
	10

	64-QAM 1/2
	3.3
	
	16-QAM 1/2
	5


Table-564-xx specifies slots concatenation rule for CTC and table-565-xx specifies encoding slot concatenation for different rates in CTC when using M&F. actually, we may prefer a integer, jM&F multiplied by 6 to the decimal j to conveniently calculate slots concatenation rules for CTC when using M&F.
RS should change the modulation order by data modulation (8.4.9.4.2) to relay the received signals. When using M&F, changing to different modulation order in the access zone, MR-BS shall use table-564-xx, table-565-xx instead of table-564, table-565. Note that RS and MS shall not be used by Table-564-xx and table-565-xx. Note that RS and MS shall not be used by Table-564-xx and table-565-xx because MS should be compatible for existing specifications and RS has no channel coding for using M&F.
n
is floor(number of allocated slots * STC rate/(repetition factor * number of STC layers))

k
is floor(nM&F / jM&F)

m
is n mod j

jM&F
is parameter dependent on the modulation and FEC rate when using M&F
nM&F
is 6·n
mM&F
is nM&F mod jM&F
Table-564-xx Slots concatenation rule for CTC when using M&F
	Number of slots
	Slots concatenated

	nM&F ≤jM&F
n≠7
	1 block of n slots

	nM&F≤ jM&F & n=7
	1 block of 4 slots

1 block of 3 slots

	nM&F > jM&F
	If (nM&F mod jM&F =0)

k blocks of jM&F slots

else

(k -1) blocks of jM&F slots

1 block of Lb1 slots

1 block of Lb2 slots

Where

Lb1 = ceil((mM&F+ jM&F)/12)

Lb2 =  floor((mM&F + jM&F)/12)

If (Lb1 = 7) of (Lb2 =7)

Lb1 = Lb1 + 1; Lb2 = Lb2 – 1;


Table-565-xx Encoding slot concatenation for different rates in CTC when using M&F
	Modulation and rate
	j
	jM&F=6·j

	QPSK 1/2
	109
	54

	QPSK 2/3
	6
	36

	QPSK 3/4
	6
	36

	QPSK 5/6
	6
	36

	16QAM 1/2
	54.5
	27

	16QAM 2/3
	3
	18

	16QAM 3/4
	3
	18

	16QAM 5/6
	3
	18

	64QAM 1/2
	33.3
	20

	64QAM 2/3
	2
	12

	64QAM 3/4
	2
	12

	64QAM 5/6
	2
	12


2.3 Slot Boundary for M&F
When using M&F, To align the slot boundary between access links and relay links, n·code_rate·mk allocated in the access links shall be equal to n·code_rate·mk allocated in the relay links, here n is the number of allocated slots and mk is the modulation order (mk =2 for QPSK, mk =4 for 16-QAM and mk =6 for 64-QAM) except for 64-QAM 1/2 which is not used in case of using M&F. 

Slot boundary conditions
: nA·mA = nR·mR
Here,
nA : the number of slots allocated in the access zone, 
nR  : the number of slots allocated in the relay zone, 

mA : modulation order in the access zone,
mR : modulation order in the relay zone.
Above slot boundary condition should be constrained by following additional conditions to satisfy j parameter for the enhanced MCS in order to fit the FEC block boundary between MR-BS and MS.

The number of allocated slot (=Ns ) at the MR-BS should have 10 times when it has more than 10 for 64-QAM 1/2, and 9 times when it has more than 9 for 16-QAM 1/2.

For 64-QAM 1/2,

If Ns >10 then

Ns mod 10 = 0;

Else

Ns= nA or nA;
For 16-QAM 1/2

If Ns >9 then

Ns mod 9 = 0;

Else

Ns= nA or nA;
2.4 Simulation Results


In case that BS-to-RS links has lower modulation order of QPSK than RS-to-MS links we want to verify the feasibility for additional MCS of QPSK and 16QAM having a code rate of 2/3 or 5/6 as shown by figure 3. Figure4 shows you simulation results of additional MCS for down link. We think that the simulation result of uplink is similar to downlink. Our simulation environments have permutation type of PUSC, two hop, antenna type of 1x1, RS relaying scheme of demodulation-and-forward and channel status of good channel(using the high SNR of 30dB) for relay link and bad channel(using lower SNR of 6dB~20dB than that of BS-to-RS link) for access link, respectively.


In the figure4, the blue color has the simulation result in case of using the 64-QAM, code rate of 2/3 for BS-to-RS link and QPSK, code rate of 2/3 for RS-to-MS link. The red color shows simulation results in case of using the QPSK, code rate of 2/3 for BS-to-RS link and 64-QAM, code rate of 2/3 for RS-to-MS link.
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Figure 3 Simulation Environments for additional MCS
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Figure4. Simulation Results of additional MCS

3. Proposed Text Change
[Insert at the end of the section 4:]

M&F

demodulation-and-forward

8.4.9.2 Encoding
[Change the paragraph above the Table-564 as indicated:]

The encoding block size shall depend on the number of slots allocated and the modulation specified for the current transmission. Concatenation of a number of slots shall be performed in order to make larger blocks of coding where it is possible, with the limitation of not exceeding the largest supported block size for the applied modulation and coding.
Table-564-xx specifies slots concatenation rule for CTC and table-565-xx specifies encoding slot concatenation for different rates in CTC. Here, j value of 3.3 has 3 slots and 1/3 slots, and that of 4.5 has 4 slots and half slots.
When supporting M&F, MR-BS shall use table-564-xx, table-565-xx instead of table-564, table-565. Note that RS and MS shall not be used by table-564-xx and table-565-xx.
For any modulation and FEC rate, given an allocation of n slots, the following parameters are defined:

n
is floor(number of allocated slots * STC rate/(repetition factor * number of STC layers))

k
is floor(nM&F / jM&F)

m
is n mod j

jM&F
is parameter dependent on the modulation and FEC rate when supporting M&F
nM&F
is 6·n
mM&F
is nM&F mod jM&F
[Insert the table-564-xx below the Table-564 as indicated:]

Table-564-xx Slots concatenation rule for CTC supporting M&F
	Number of slots
	Slots concatenated

	nM&F ≤jM&F
n≠7
	1 block of n slots

	nM&F≤ jM&F & n=7
	1 block of 4 slots

1 block of 3 slots

	nM&F > jM&F
	If (nM&F mod jM&F =0)

k blocks of jM&F slots

else

(k -1) blocks of jM&F slots

1 block of Lb1 slots

1 block of Lb2 slots

Where

Lb1 = ceil((mM&F+ jM&F)/12)

Lb2 =  floor((mM&F + jM&F)/12)

If (Lb1 = 7) of (Lb2 =7)

Lb1 = Lb1 + 1; Lb2 = Lb2 – 1;


[Insert the table-565-xx below the Table-565 as indicated:]

Table-565-xx Encoding slot concatenation for different rates in CTC supporting M&F
	Modulation and rate
	jM&F

	QPSK 1/2
	54

	QPSK 2/3
	36

	QPSK 3/4
	36

	QPSK 5/6
	36

	16QAM 1/2
	27

	16QAM 2/3
	18

	16QAM 3/4
	18

	16QAM 5/6
	18

	64QAM 1/2
	20

	64QAM 2/3
	12

	64QAM 3/4
	12

	64QAM 5/6
	12


11.3.1.1 Uplink burst profile encodings

[Insert sub-clause and new Table-612-xx in 11.3.1.1 “Uplink burst profile encodings” as shown]
Note that table-612-xx shall be used in the MR-BS and RS using M&F for uplink.
Table-612-xx-UCD burst profile encodings-Wireless MAN-OFDMA for M&F
	Name
	Type
	Length
	Value

	FEC Code Type and modulation type
	150
	1
	0=QPSK(CC) 1/2

1=QPSK(CC)3/4
2=16-QAM(CC)1/2

3=16-QAM(CC)3/4

4=64-QAM(CC)1/2

5=64-QAM(CC)2/3

6=64-QAM(CC)3/4

7=QPSK(BTC)1/2

8=QPSK(BTC)3/4

9=16-QAM(BTC)3/5

10=16-QAM(BTC)4/5

11=64-QAM(BTC)5/8

12=64-QAM(BTC)4/5

13=QPSK(CTC)1/2
14=reserved
15=QPSK(CTC)3/4

16=16-QAM(CTC)1/2

17=16-QAM(CTC)3/4

18=64-QAM(CTC)1/2

19=64-QAM(CTC)2/3

20=64-QAM(CTC)3/4

21=64-QAM(CTC)5/6

22=QPSK(ZT CC) 1/2

23=QPSK(ZT CC)3/4
24=16-QAM(ZT CC)1/2

25=16-QAM(CC)3/4

26=64-QAM(ZT CC)1/2
	27=64-QAM(ZT CC)2/3

28=64-QAM(ZT CC)3/4

29=QPSK(LDPC)1/2

30= QPSK(LDPC)2/3 A code

31=QPSK(LDPC)3/4 A code

32=16-QAM(LDPC)1/2

33=16-QAM(LDPC)2/3 A code

34=16-QAM((LDPC)3/4 A code

35=64-QAM(LDPC)1/2

36=64-QAM(LDPC)2/3 A code

37=64QAM(LDPC)3/4 A code

38=QPSK(LDPC)2/3 B code

39= QPSK(LDPC)3/4 B code

40=16-QAM((LDPC)2/3 B code

41=16-QAM((LDPC)3/4 B code

42=64-QAM(LDPC)2/3 B code

43=64QAM(LDPC)3/4 B code

44=QPSK(CC with optional inter leaver)1/2
45=QPSK(CC with optional inter leaver)3/4
46=16-QAM(CC with optional inter leaver)1/2
47=16-QAM(CC with optional inter leaver)3/4
48=64-QAM(CC with optional inter leaver)1/2
49=64-QAM(CC with optional inter leaver)3/4

50=QPSK(LDPC)5/6

51=16-QAM(LDPC)5/6

52=64-QAM(LDPC)5/6

53=QPSK(CTC)2/3

54=QPSK(CTC)5/6

55=16-QAM(CTC)2/3

56=16-QAM(CTC)5/6

5357..255=Reserved


11.4.2 Downlink burst profile encodings

[Insert sub-clause and new Table-619-xx in 12.4.2 “Downlink burst profile encodings” as shown]
Note that table-619-xx shall be used in the MR-BS and RS using M&F for downlink.
Table-619-xx-DCD burst profile encodings-Wireless MAN-OFDMA for M&F
	Name
	Type
	Length
	Value

	FEC Code Type and modulation type
	150
	1
	0=QPSK(CC) 1/2

1=QPSK(CC)3/4
2=16-QAM(CC)1/2

3=16-QAM(CC)3/4

4=64-QAM(CC)1/2

5=64-QAM(CC)2/3

6=64-QAM(CC)3/4

7=QPSK(BTC)1/2

8=QPSK(BTC)3/4

9=16-QAM(BTC)3/5

10=16-QAM(BTC)4/5

11=64-QAM(BTC)5/8

12=64-QAM(BTC)4/5

13=QPSK(CTC)1/2
14=reserved
15=QPSK(CTC)3/4

16=16-QAM(CTC)1/2

17=16-QAM(CTC)3/4

18=64-QAM(CTC)1/2

19=64-QAM(CTC)2/3

20=64-QAM(CTC)3/4

21=64-QAM(CTC)5/6

22=QPSK(ZT CC) 1/2

23=QPSK(ZT CC)3/4
24=16-QAM(ZT CC)1/2

25=16-QAM(CC)3/4

26=64-QAM(ZT CC)1/2
	27=64-QAM(ZT CC)2/3

28=64-QAM(ZT CC)3/4

29=QPSK(LDPC)1/2

30= QPSK(LDPC)2/3 A code

31=QPSK(LDPC)3/4 A code

32=16-QAM(LDPC)1/2

33=16-QAM(LDPC)2/3 A code

34=16-QAM((LDPC)3/4 A code

35=64-QAM(LDPC)1/2

36=64-QAM(LDPC)2/3 A code

37=64QAM(LDPC)3/4 A code

38=QPSK(LDPC)2/3 B code

39= QPSK(LDPC)3/4 B code

40=16-QAM((LDPC)2/3 B code

41=16-QAM((LDPC)3/4 B code

42=64-QAM(LDPC)2/3 B code

43=64QAM(LDPC)3/4 B code

44=QPSK(CC with optional inter leaver)1/2
45=QPSK(CC with optional inter leaver)3/4
46=16-QAM(CC with optional inter leaver)1/2
47=16-QAM(CC with optional inter leaver)3/4
48=64-QAM(CC with optional inter leaver)1/2
49=64-QAM(CC with optional inter leaver)3/4

50=QPSK(LDPC)5/6

51=16-QAM(LDPC)5/6

52=64-QAM(LDPC)5/6

53=QPSK(CTC)2/3

54=QPSK(CTC)5/6

55=16-QAM(CTC)2/3

56=16-QAM(CTC)5/6

5357..255=Reserved


8.4.9.2.3.2 CTC interleaver
[Insert the sub-clause and table-566-xx below the Table-566 as indicated:]
Note that table-566-xx shall be used in MR-BS for M&F and shall not be used in MS and RS.
Table-566-xx CTC Channel coding per modulation for M&F
	Modulation 
	Data block size (bytes) 
	Encoded data block size (bytes) 
	Code rate 
	N
	P0
	P1
	P2
	P3

	QPSK
	6
	12
	1/2
	24
	5
	0
	0
	0

	QPSK
	12
	24
	1/2
	48
	13
	24
	0
	24

	QPSK
	18
	36
	1/2
	72
	11
	6
	0
	6

	QPSK
	24
	48
	1/2
	96
	7
	48
	24
	72

	QPSK
	30
	60
	1/2
	120
	13
	60
	0
	60

	QPSK
	36
	72
	1/2
	144
	17
	74
	72
	2

	QPSK
	48
	96
	1/2
	192
	11
	96
	48
	144

	QPSK
	54
	108
	1/2
	216
	13
	108
	0
	108

	QPSK
	60
	120
	1/2
	240
	13
	120
	60
	180

	QPSK
	24
	36
	2/3
	96
	7
	48
	24
	72

	QPSK
	48
	72
	2/3
	192
	11
	96
	48
	144

	QPSK
	9
	12
	3/4
	36
	11
	18
	0
	18

	QPSK
	18
	24
	3/4
	72
	11
	6
	0
	6

	QPSK
	27
	36
	3/4
	108
	11
	54
	56
	2

	QPSK
	36
	48
	3/4
	144
	17
	74
	72
	2

	QPSK
	45
	60
	3/4
	180
	11
	90
	0
	90

	QPSK
	54
	72
	3/4
	216
	13
	108
	0
	108

	QPSK
	30
	36
	5/6
	120
	13
	60
	0
	60

	QPSK
	60
	72
	5/6
	240
	13
	120
	60
	180

	16-QAM
	12
	24
	1/2
	48
	13
	24
	0
	24

	16-QAM
	24
	48
	1/2
	96
	7
	48
	24
	72

	16-QAM
	36
	72
	1/2
	144
	17
	74
	72
	2

	16-QAM
	48
	96
	1/2
	192
	11
	96
	48
	144

	16-QAM
	60
	120
	1/2
	240
	13
	120
	60
	180

	16-QAM
	48
	72
	2/3
	192
	11
	96
	48
	144

	16-QAM
	18
	24
	3/4
	72
	11
	6
	0
	6

	16-QAM
	36
	48
	3/4
	144
	17
	74
	72
	2

	16-QAM
	54
	72
	3/4
	216
	13
	108
	0
	108

	16-QAM
	60
	72
	5/6
	240
	13
	120
	60
	180

	64-QAM
	18
	36
	1/2
	72
	11
	6
	0
	6

	64-QAM
	36
	72
	1/2
	144
	17
	74
	72
	2

	64-QAM
	54
	108
	1/2
	216
	13
	108
	0
	108

	64-QAM
	24
	36
	2/3
	96
	7
	48
	24
	72

	64-QAM
	48
	72
	2/3
	192
	11
	96
	48
	144

	64-QAM
	27
	36
	3/4
	108
	11
	54
	56
	2

	64-QAM
	54
	72
	3/4
	216
	13
	108
	0
	108

	64-QAM
	30
	36
	5/6
	120
	13
	60
	0
	60

	64-QAM
	60
	72
	5/6
	240
	13
	120
	60
	180
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