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1. Introduction
DL signalling of transport block size field is decided but contents of the field are still under discussion (in RAN2) [1].

In this document, the compact signalling method for transport block size is proposed and its advantages and drawbacks are compared with current assumption.

It is important to express RAN1 views before RAN2 make final decision.

We are pleased to make LS to RAN2 when RAN1 decide to adopt this scheme.

2. Comparison of transport block size signalling
DL signalling  (TFRI) are as follows [1][2]. 

-　channelization code set (CCS)
7bits

-　modulation (MOD)


1bits

-    transport block size
(TBS)

6bits

Figure 1 shows the UE receiver structure and it’s signalling.
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Figure 1. UE receiver structure and it’s signalling (TFRI)

Signalling CCS is for channelization code number (C1 - CM), signalling MOD is for modulation scheme (QPSK or 16QAM), and signalling TBS is for transport block. In addition, CCS, MOD and TBS are used to choose rate-matching parameters. 

HARQ information is not discussed here.

   Compact signalling for CCS is proposed [3], in which “code offset” and “number of code” are defined. In following discussion “number of code” is denoted as NO_OF_CODE. 

  3 methods for TBS expression are considered.

Method 1:　Current assumption (TBS carries transport block size ID)

Method 2:　TFRC method (TBS carries TFRC ID) 

Method 3:　Hybrid method (TBS carries TFRC ID and transport block size ID) 

Method 1
Method 1 is current assumption between RAN1 & RAN2.

An example of DL signalling (method 1) is shown in table 1.

Table 1. An example of DL signalling (method 1) 

	TBS
	Transport block size (TBS_BIT)

	0
	0

	1
	1200

	2
	2400

	3
	3600

	4
	4800

	5
	6000

	6
	7200

	7
	9600

	8
	10800

	9
	12000

	10
	14400

	11
	18000

	12
	21600

	13-63
	reserve


Method 1 can also be expressed as table 2. 

Table 2. An example of DL signalling (method 1) 

	TFRCｓ
	Modulation
	Transport block size
(TBS_BIT)
	# of code channels
(NO_OF_CODE)
	Signalling

(TBS)

	TFRC1,5
	QPSK
	1200
	5
	1

	TFRC2,5
	QPSK
	2400
	5
	2

	TFRC3,5
	QPSK
	3600
	5
	3

	TFRC4,5
	16QAM
	4800
	5
	4

	TFRC5,5
	16QAM
	6000
	5
	5

	TFRC6,5
	16QAM
	7200
	5
	6

	TFRC1,10
	QPSK
	2400
	10
	2

	TFRC2,10
	QPSK
	4800
	10
	4

	TFRC3,10
	QPSK
	7200
	10
	6

	TFRC4,10
	16QAM
	9600
	10
	7

	TFRC5,10
	16QAM
	12000
	10
	9

	TFRC6,10
	16QAM
	14400
	10
	10

	TFRC1,15
	QPSK
	3600
	15
	3

	TFRC2,15
	QPSK
	7200
	15
	6

	TFRC3,15
	QPSK
	10800
	15
	8

	TFRC4,15
	16QAM
	14400
	15
	10

	TFRC5,15
	16QAM
	18000
	15
	11

	TFRC6,15
	16QAM
	21600
	15
	12

	reserve
	　
	　
	　
	13-63


In table 2, TFRCX,Y denotes TFRC variations, which identify modulation scheme, number of code and coding rates (rate-matching parameters). Suffix X denotes modulation and coding rates and suffix Y denotes the number of codes.

   Table 2 shows only typical TFRCs values along with UE capability i.e. Y=5, 10 and 15. As shown in table 2, TBS=1-12 are needed to represent 5 code granularity. 13 - 63 can be used for representing another transport block size listed in table A1.

For representing full (1code) granularity, TBS=1 - 50 are needed (table A1 in Annex). 

Advantages of this method are: there is much room to add transport block size to the table, and it doesn’t need any calculation. 

Drawbacks of this method are: Big table is needed in both Node Bs and UEs.

Method 2
An example of DL signalling (method 2) is shown in table 3.

Table 3. An example of DL signalling (method 2)

	TFRCｓ
	Modulation
	Transport block size
(TBS_BIT)
	# of code channels
(NO_OF_CODE)
	Signalling

(TBS)

	TFRC1,5
	QPSK
	1200
	5
	1

	TFRC2,5
	QPSK
	2400
	5
	2

	TFRC3,5
	QPSK
	3600
	5
	3

	TFRC4,5
	16QAM
	4800
	5
	4

	TFRC5,5
	16QAM
	6000
	5
	5

	TFRC6,5
	16QAM
	7200
	5
	6

	TFRC1,10
	QPSK
	2400
	10
	7

	TFRC2,10
	QPSK
	4800
	10
	8

	TFRC3,10
	QPSK
	7200
	10
	9

	TFRC4,10
	16QAM
	9600
	10
	10

	TFRC5,10
	16QAM
	12000
	10
	11

	TFRC6,10
	16QAM
	14400
	10
	12

	TFRC1,15
	QPSK
	3600
	15
	13

	TFRC2,15
	QPSK
	7200
	15
	14

	TFRC3,15
	QPSK
	10800
	15
	15

	TFRC4,15
	16QAM
	14400
	15
	16

	TFRC5,15
	16QAM
	18000
	15
	17

	TFRC6,15
	16QAM
	21600
	15
	18

	reserve
	　
	　
	　
	19-63


In table 3, TFRCX,Y denotes TFRC variations, which identify modulation scheme, number of code and coding rates (rate-matching parameters). Suffix X denotes modulation and coding rates and suffix Y denotes the number of codes.

   Table 3 shows only typical TFRCs values along with UE capability i.e. Y=5, 10 and 15. As shown in table 3, TBS=1-18 are needed to represent 5 code granularity. 19 - 63 can be used for represent other TFRCs than table 3.

This method can’t represent full granularity, since 90 TFRC states are needed, but number of bits are only 6bits (64 TFRC states). 

Advantages of this method are: No big table are needed. 

Drawbacks of this method are: This method can represent only 64 TFRC states, so it can’t represent full granularity.

Method 3
An example of DL signalling (method 3) is shown in table 4.

Table4. An example of DL signalling (method 3) 

	TFRCｓ
	Modulation
	Transport block size
(TBS_BIT)
	# of code channels
(NO_OF_CODE)
	Signalling

(TBS)

	TFRC1,5
	QPSK
	1200
	5
	1

	TFRC2,5
	QPSK
	2400
	5
	2

	TFRC3,5
	QPSK
	3600
	5
	3

	TFRC4,5
	16QAM
	4800
	5
	1

	TFRC5,5
	16QAM
	6000
	5
	2

	TFRC6,5
	16QAM
	7200
	5
	3

	TFRC1,10
	QPSK
	2400
	10
	1

	TFRC2,10
	QPSK
	4800
	10
	2

	TFRC3,10
	QPSK
	7200
	10
	3

	TFRC4,10
	16QAM
	9600
	10
	1

	TFRC5,10
	16QAM
	12000
	10
	2

	TFRC6,10
	16QAM
	14400
	10
	3

	TFRC1,15
	QPSK
	3600
	15
	1

	TFRC2,15
	QPSK
	7200
	15
	2

	TFRC3,15
	QPSK
	10800
	15
	3

	TFRC4,15
	16QAM
	14400
	15
	1

	TFRC5,15
	16QAM
	18000
	15
	2

	TFRC6,15
	16QAM
	21600
	15
	3

	reserve
	　
	　
	　
	4-63


In table 4, TFRCX,Y denotes TFRC variations, which identify modulation scheme, number of code and coding rates (rate-matching parameters). Suffix X denotes modulation and coding rates and suffix Y denotes the number of codes. 

   Table 4 shows only typical TFRCs values along with UE capability i.e. Y=5, 10 and 15. As shown in table 4, TBS=1-3 are needed to represent full code granularity as well as 5 code granularity. An example of DL signalling for method 3 with full (1code) granularity is shown in table A2 in Annex. 4-63 can be used for represent other transport block size other than table 4 (A2 as well). 

  Identification of TFRCX,Y is as follows.

Y is informed by NO_OF_CODE extracted by CCS.

X is calculated by equation 1.

　
X=3*MOD+TBS





(equation 1)

TBS transformation from transport block size (TBS_BIT) in Node B is calculated by equation 2. 



TBS= TBS_BIT / (NO_OF_CODE*240) – 3 * MOD

(equation 2)

Transport block size (TBS_BIT) transformation from TBS in UE is calculated by equation 3.



TBS_BIT=(TBS + 3 * MOD) * NO_OF_CODE*240

(equation 3)

TBS_BIT denotes transport block size, and MOD denotes modulation (DL signalling), where MOD = 0 denotes QPSK and MOD = 1 denotes 16QAM.

Examples of calculation for TFRC1,5 and TFRC6,15 are shown below.

Example 1: TFRC1,5

Node B:
TBS=1200 / (5*240) -3*0 = 1


UE:

TBS_BIT = (1 + 3*0) * 5 * 240 = 1200

Example 2: TFRC6,15

Node B:
TBS=21600 / (15*6) - 3*1 = 3


UE:

TBS_BIT = (3 + 3*1)* 15 * 240 = 21600

TBS = 4-63 can be used as table such as method 2.

TBS divided by 2 parts; one is 2bits for method 3 explained above, another is 4bits for additional table.

Advantages of this method are: It can express all the TFRC with full (1code) granularity by only 1-3 states. No big table are needed for either Node Bs or UEs. And, TBS larger than 4 (or another 4bit) enables to keep flexibility to add another transport block size listed in Table 4 (table A2 as well).

Drawback of this method is: Necessity of calculation for parameters TBS in Node B and TBS_BIT in UE. However the calculation is simple. 

In method 3, 4bits can be used for the other purpose even in case transport block size in table A1 (full granularity) is used, while 0bits can be used in method 1 & 2. In that case, these 4bits can be used for Ack/Nack power offset signalling, DL power offset signalling, etc [4].

Table 5 shows the comparisons of the 3methods.

Table 5. Comparisons of the 3 methods 

	
	Features
	Advantages
	Drawbacks

	Method 1
	TBS carries transport block size ID
	· Large flexibility to add table

· No calculation is needed either Node B or UE
	· Big table is needed both Node B and UE. 



	Method 2
	TBS carries TFRC ID
	· No tables are needed in either Node B or UE

· Keep flexibility to add table (table is needed only additional one) 
	· Express 64 TFRC only



	Method 3
	TBS carries TFRC ID (when TBS=1-3) and transport block size (when TBS=4-63)
	· Only 3states are needed to express TFRC by full granularity 

· No tables are needed in either Node B or UE

· Keep flexibility to add table (table is needed only additional one)

· 4bits can be used for the other purpose in case transport block size in table A1 is used.
	· Calculation is needed both Node B and UE




3. Conclusion

Expression for transport block size signalling is studied. Method 3 is the best choice from Node B and UE complexity point of view. We propose that this scheme is included in TR [2], 

We are pleased to make LS to RAN2 when RAN1 decide to adopt this scheme.
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Annex A

Table A1. An example of DL signalling (method 1) with full granularity

	TBS
	Transport block size (TBS_BIT)

	0
	0

	1
	240

	2
	480

	3
	720

	4
	960

	5
	1200

	6
	1440

	7
	1680

	8
	1920

	9
	2160

	10
	2400

	11
	2640

	12
	2880

	13
	3120

	14
	3360

	15
	3600

	16
	3840

	17
	4320

	18
	4800

	19
	5040

	20
	5280

	21
	5760

	22
	6000

	23
	6240

	24
	6480

	25
	6720

	26
	7200

	27
	7680

	28
	7920

	29
	8400

	30
	8640

	31
	9360

	32
	9600

	33
	10080

	34
	10560

	35
	10800

	36
	11520

	37
	12000

	38
	12480

	39
	12960

	40
	13200

	41
	13440

	42
	14400

	43
	15600

	44
	15800

	45
	16800

	46
	17280

	47
	18000

	48
	18720

	49
	20160

	50
	21600

	51-63
	reserve


TableA2. An example of DL signalling (method 3) with full granularity

	TFRCｓ
	Modulation
	Transport block size
(TBS_BIT)
	# of code channels
(NO_OF_CODE)
	Signalling

(TBS)

	TFRC1,1
	QPSK
	240
	1
	1

	TFRC2,1
	QPSK
	480
	1
	2

	TFRC3,1
	QPSK
	720
	1
	3

	TFRC4,1
	16QAM
	960
	1
	1

	TFRC5,1
	16QAM
	1200
	1
	2

	TFRC6,1
	16QAM
	1440
	1
	3

	TFRC1,2
	QPSK
	480
	2
	1


	TFRC2,2
	QPSK
	960
	2
	2

	TFRC3,2
	QPSK
	1440
	2
	3

	TFRC4,2
	16QAM
	1920
	2
	1

	TFRC5,2
	16QAM
	2400
	2
	2

	TFRC6,2
	16QAM
	2880
	2
	3

	TFRC1,3
	QPSK
	720
	3
	1

	TFRC2,3
	QPSK
	1440
	3
	2

	TFRC3,3
	QPSK
	2160
	3
	3

	TFRC4,3
	16QAM
	2880
	3
	1

	TFRC5,3
	16QAM
	3600
	3
	2

	TFRC6,3
	16QAM
	4320
	3
	3

	TFRC1,4
	QPSK
	960
	4
	1

	TFRC2,4
	QPSK
	1920
	4
	2

	TFRC3,4
	QPSK
	2880
	4
	3

	TFRC4,4
	16QAM
	3840
	4
	1

	TFRC5,4
	16QAM
	4800
	4
	2

	TFRC6,4
	16QAM
	5760
	4
	3

	TFRC1,5
	QPSK
	1200
	5
	1

	TFRC2,5
	QPSK
	2400
	5
	2

	TFRC3,5
	QPSK
	3600
	5
	3

	TFRC4,5
	16QAM
	4800
	5
	1

	TFRC5,5
	16QAM
	6000
	5
	2

	TFRC6,5
	16QAM
	7200
	5
	3

	TFRC1,6
	QPSK
	1440
	6
	1

	TFRC2,6
	QPSK
	2880
	6
	2

	TFRC3,6
	QPSK
	4320
	6
	3

	TFRC4,6
	16QAM
	5760
	6
	1

	TFRC5,6
	16QAM
	7200
	6
	2

	TFRC6,6
	16QAM
	8640
	6
	3

	TFRC1,7
	QPSK
	1680
	7
	1

	TFRC2,7
	QPSK
	3360
	7
	2

	TFRC3,7
	QPSK
	5040
	7
	3

	TFRC4,7
	16QAM
	6720
	7
	1

	TFRC5,7
	16QAM
	8400
	7
	2

	TFRC6,7
	16QAM
	10080
	7
	3

	TFRC1,8
	QPSK
	1920
	8
	1

	TFRC2,8
	QPSK
	3840
	8
	2

	TFRC3,8
	QPSK
	5760
	8
	3

	TFRC4,8
	16QAM
	7680
	8
	1

	TFRC5,8
	16QAM
	9600
	8
	2

	TFRC6,8
	16QAM
	11520
	8
	3

	TFRC1,9
	QPSK
	2160
	9
	1

	TFRC2,9
	QPSK
	4320
	9
	2

	TFRC3,9
	QPSK
	6480
	9
	3

	TFRC4,9
	16QAM
	8640
	9
	1

	TFRC5,9
	16QAM
	10800
	9
	2

	TFRC6,9
	16QAM
	12960
	9
	3

	TFRC1,10
	QPSK
	2400
	10
	1

	TFRC2,10
	QPSK
	4800
	10
	2

	TFRC3,10
	QPSK
	7200
	10
	3

	TFRC4,10
	16QAM
	9600
	10
	1

	TFRC5,10
	16QAM
	12000
	10
	2

	TFRC6,10
	16QAM
	14400
	10
	3

	TFRC1,11
	QPSK
	2640
	11
	1

	TFRC2,11
	QPSK
	5280
	11
	2

	TFRC3,11
	QPSK
	7920
	11
	3

	TFRC4,11
	16QAM
	10560
	11
	1

	TFRC5,11
	16QAM
	13200
	11
	2

	TFRC6,11
	16QAM
	15840
	11
	3

	TFRC1,12
	QPSK
	2880
	12
	1

	TFRC2,12
	QPSK
	5760
	12
	2

	TFRC3,12
	QPSK
	8640
	12
	3

	TFRC4,12
	16QAM
	11520
	12
	1

	TFRC5,12
	16QAM
	14400
	12
	2

	TFRC6,12
	16QAM
	17280
	12
	3

	TFRC1,13
	QPSK
	3120
	13
	1

	TFRC2,13
	QPSK
	6240
	13
	2

	TFRC3,13
	QPSK
	9360
	13
	3

	TFRC4,13
	16QAM
	12480
	13
	1

	TFRC5,13
	16QAM
	15600
	13
	2

	TFRC6,13
	16QAM
	18720
	13
	3

	TFRC1,14
	QPSK
	3360
	14
	1

	TFRC2,14
	QPSK
	6720
	14
	2

	TFRC3,14
	QPSK
	10080
	14
	3

	TFRC4,14
	16QAM
	13440
	14
	1

	TFRC5,14
	16QAM
	16800
	14
	2

	TFRC6,14
	16QAM
	20160
	14
	3

	TFRC1,15
	QPSK
	3600
	15
	1

	TFRC2,15
	QPSK
	7200
	15
	2

	TFRC3,15
	QPSK
	10800
	15
	3

	TFRC4,15
	16QAM
	14400
	15
	1

	TFRC5,15
	16QAM
	18000
	15
	2

	TFRC6,15
	16QAM
	21600
	15
	3

	reserve
	　
	　
	　
	4-63
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