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1. Introduction

RAN1, RAN2, and RAN3 have all agreed that the transport block sizes should be defined using a static table rather than being configurable. However, the contents of the table is yet to be defined. At the last meeting, RAN1 received an LS from RAN2 [1] asking for RAN1’s opinion on the TFRI formula. RAN1 provided their opinion on general aspects on this issue in [2] and stated that a discussion on the RAN1 reflector was to be held to resolve the details. In this contribution, a simple and efficient principle for mapping the TFRI information on the HS-SCCH to the transport block size is proposed.

2. Requirements on supported transport block sizes

The mapping of TFRI information to transport block sizes should fulfill the following requirements:

· There should be an overlap in the range of supported transport block sizes between different number of channelization codes and modulation schemes to enable retransmission using a different channelization code set and modulation scheme than the original transmission. Between any two combinations of modulation scheme and number of channelization codes, the transport block sizes supported by the two combinations in the range of the overlap shall be identical.

· The amount of MAC-hs padding required should be kept low.

· The signaling should support the physical layer range of data rates and not limit, e.g., the use of the full range of channel coding rates.

· The supported transport block sizes and the CQI reporting, which is based on recommending certain transport block sizes, should be aligned to ease testing.

· The maximum transport block size supported according to the UE capabilities and the supported transport block sizes should be aligned.

3. Proposed mapping from TFRI to transport block size

The underlying idea for the proposed scheme is to define d supported transport block sizes covering the full range of  possible transport block sizes in the range Lmin to Lmax. For each of the 30 combinations of modulation scheme and number of channelization codes, a contiguous subset of 26=64 monotonically increasing transport block sizes are selected from the overall set of d transport block sizes. This allows that, whenever there is an overlap in transport block size range between two modulation schemes and number of channelization codes, identical transport block sizes are used for both combinations. Furthermore, if the d supported transport block sizes are evenly distributed in the log domain instead of the linear domain, the relative worst case MAC-hs padding is kept constant. The principle is illustrated in Figure 1.
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Figure 1: Principal illustration of the transport block sizes supported for two different combinations of modulation schemes and number of channelization codes.
The set of supported transport block sizes can be generated in several different ways. One possibility is to pre-compute these values and store them in a table.  The d table entries range from L0 to Ld-1 and are evenly distributed in the log domain. The transport block size Lk for a given transmission is then obtained as the table entry at position 
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 is given by the combination of modulation scheme and the number of channelization codes and 
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 is given by the 6 bits signaling on the HS-SCCH. With d=256, the worst case padding is approximately 2% and the table is of reasonable size with 256 different entries.

Another possibility, resulting in identical transport block sizes as the table above but using an expression instead, is to compute the transport block sizes as
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where p is a constant (actually, this is the amount of maximum relative MAC-hs padding). With this approach, there is no need to store a predefined table of d transport block sizes. The values 
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can be stored in a small table with 30 entries (or computed online using the formula in Section 6).

Based on the general principles and the expression above, the transport block sizes in Figure 2 are obtained using Table 1. From the tables and figures, some observations can be made:

· For any region where there is overlap between two different modulation schemes and/or number of channelization codes, the transport block sizes supported in this region are identical for both the combinations.

· The relative amount of padding is never larger than 2.1% and in most cases lower than this.

· Code rates in the range of 1/3 to 1 are supported for all combinations of modulation schemes and number of channelization codes. This allows both high peak rates to be used in good channel conditions and low coding rates to be used in less good channel conditions. For the single code case, a code rate of approximately 1/4 is supported, which can be used in bad channel conditions. Note that there is no use of supporting too small transport block sizes as a transport block size smaller than the smallest MAC-d PDU size is of no use. Furthermore, from a performance point of view there is no reason of supporting code rates below 1/3 for cases using more than 1 channelization code as the same effect can be achieved by using a smaller amount of codes and increase the transmit power on the codes used.

· Alignment with the CQI reporting is easily obtained by slight changes in the transport block sizes used in the CQI reporting. Note that the necessary change in the number of bits in the CQI reports is at most 2% and in most cases much lower. CQIs lower than the smallest supported transport block size of 247 bits can be expressed using a power offset similar to what is done for CQIs exceeding the UE capability.

· Alignment with the UE categories are easily obtained by slight adjustments to the UE category values. For example, the current maximum values of 7300, 14600, and 20432 can be changed to 7355, 14548, and 20460. In all cases, the adjustments are less than 1%.

4. Conclusion

A simple method for mapping the TFRI to HS-DSCH transport block sizes has been proposed. It is recommended that this scheme is adopted and included in the relevant specifications. 

5. References

[1] “LS on TFRI formula”, RAN WG2, R1-02-0668

[2] “LS reply on TFRI formula”, RAN WG1, R1-02-0384

6. Appendix: Proposed transport block sizes

The tables and figures below were generated using
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The values of 
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were selected such that the maximum transport block size for a given combination of channelization codes and modulation scheme plus the 24 bit CRC is as close as possible to (but not exceeding) the maximum number of channel bits for the given combination of modulation scheme and channelization code set, i.e.,  
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The value of 
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is an exception and was chosen smaller than what the expression above suggests in order to support lower code rates.

Note that there is no need to implement these expressions in an actual implementation. It is sufficient to store the value of 
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, the expression in Section 3, and the 30 values of 
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	0
	QPSK
	1
	-10

	1
	
	2
	40

	2
	
	3
	63

	3
	
	4
	79

	4
	
	5
	91

	5
	
	6
	102

	6
	
	7
	110

	7
	
	8
	118

	8
	
	9
	124

	9
	
	10
	130

	10
	
	11
	136

	11
	
	12
	140

	12
	
	13
	145

	13
	
	14
	149

	14
	
	15
	153

	15
	16QAM
	1
	40

	16
	
	2
	79

	17
	
	3
	102

	18
	
	4
	118

	19
	
	5
	130

	20
	
	6
	140

	21
	
	7
	149

	22
	
	8
	156

	23
	
	9
	163

	24
	
	10
	169

	25
	
	11
	174

	26
	
	12
	179

	27
	
	13
	184

	28
	
	14
	188

	29
	
	15
	192


Table 1: The values of k0,i used for generating the transport block sizes. 

Codes
Mod

Rmin
Rmax  max pad Lmin
Lmax


----------------------------------------------------------------------------

1
QPSK

0.26
0.80
2.1%
247
766


2
QPSK

0.32
0.98
1.9%
606
1880


3
QPSK

0.32
0.99
1.9%
917
2840


4
QPSK

0.32
0.99
1.9%
1222
3786


5
QPSK

0.32
0.98
1.8%
1515
4696

6
QPSK

0.32
0.99
1.8%
1846
5721

7
QPSK

0.32
0.98
1.8%
2131
6604

8
QPSK

0.32
0.99
1.8%
2460
7624

9
QPSK

0.32
0.98
1.8%
2740
8491

10
QPSK

0.32
0.98
1.8%
3052
9456

11
QPSK

0.32
1.00
1.8%
3399
10531

12
QPSK

0.32
0.98
1.8%
3652
11315

13
QPSK

0.32
0.99
1.8%
3995
12378

14
QPSK

0.32
0.99
1.8%
4292
13299

15
QPSK

0.32
0.99
1.8%
4612
14289

1
16QAM

0.32
0.98
1.9%
606
1880

2
16QAM

0.32
0.99
1.9%
1222
3786

3
16QAM

0.32
0.99
1.8%
1846
5721

4
16QAM

0.32
0.99
1.8%
2460
7624

5
16QAM

0.32
0.98
1.8%
3052
9456

6
16QAM

0.32
0.98
1.8%
3652
11315

7
16QAM

0.32
0.99
1.8%
4292
13299

8
16QAM

0.32
0.98
1.8%
4867
15080

9
16QAM

0.32
0.99
1.8%
5519
17099

10
16QAM

0.32
0.99
1.8%
6146
19043

11
16QAM

0.32
0.99
1.8%
6724
20831

12
16QAM

0.32
0.99
1.8%
7355
22787

13
16QAM

0.32
1.00
1.8%
8046
24926

14
16QAM

0.32
1.00
1.8%
8644
26782

15
16QAM

0.32
1.00
1.8%
9288
28776
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Table 2: Supported transport block sizes.
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Figure 2: Illustration of transport block sizes. Blue dots indicate QPSK and green dots are 16QAM. The red circles denotes the current assumption on the transport block sizes used for CQI reporting before alignment with the transport block sizes.
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		QPSK, 1 code		247		251		256		261		265		270		275		280		285		290		296		301		306		312		318		323		329		335		341		347		354		360		367		373		380		387		394		401		408		416		423		431		439		447		455		463		472		480		489		498		507		516		525		535		544		554		564		575		585		596		606		617		629		640		652		663		675		688		700		713		726		739		752		766

		QPSK, 2 codes		606		617		629		640		652		663		675		688		700		713		726		739		752		766		780		794		808		823		838		853		868		884		900		917		933		950		967		985		1003		1021		1039		1058		1077		1097		1117		1137		1158		1178		1200		1222		1244		1266		1289		1313		1336		1361		1385		1410		1436		1462		1488		1515		1543		1571		1599		1628		1658		1688		1718		1749		1781		1813		1846		1880

		QPSK, 3 codes		917		933		950		967		985		1003		1021		1039		1058		1077		1097		1117		1137		1158		1178		1200		1222		1244		1266		1289		1313		1336		1361		1385		1410		1436		1462		1488		1515		1543		1571		1599		1628		1658		1688		1718		1749		1781		1813		1846		1880		1914		1948		1984		2020		2056		2093		2131		2170		2209		2249		2290		2331		2374		2417		2460		2505		2550		2597		2644		2692		2740		2790		2840

		QPSK, 4 codes		1222		1244		1266		1289		1313		1336		1361		1385		1410		1436		1462		1488		1515		1543		1571		1599		1628		1658		1688		1718		1749		1781		1813		1846		1880		1914		1948		1984		2020		2056		2093		2131		2170		2209		2249		2290		2331		2374		2417		2460		2505		2550		2597		2644		2692		2740		2790		2840		2892		2944		2998		3052		3107		3164		3221		3279		3339		3399		3461		3523		3587		3652		3718		3786

		QPSK, 5 codes		1515		1543		1571		1599		1628		1658		1688		1718		1749		1781		1813		1846		1880		1914		1948		1984		2020		2056		2093		2131		2170		2209		2249		2290		2331		2374		2417		2460		2505		2550		2597		2644		2692		2740		2790		2840		2892		2944		2998		3052		3107		3164		3221		3279		3339		3399		3461		3523		3587		3652		3718		3786		3854		3924		3995		4067		4141		4216		4292		4370		4449		4530		4612		4696

		QPSK, 6 codes		1846		1880		1914		1948		1984		2020		2056		2093		2131		2170		2209		2249		2290		2331		2374		2417		2460		2505		2550		2597		2644		2692		2740		2790		2840		2892		2944		2998		3052		3107		3164		3221		3279		3339		3399		3461		3523		3587		3652		3718		3786		3854		3924		3995		4067		4141		4216		4292		4370		4449		4530		4612		4696		4781		4867		4955		5045		5136		5229		5324		5421		5519		5619		5721

		QPSK, 7 codes		2131		2170		2209		2249		2290		2331		2374		2417		2460		2505		2550		2597		2644		2692		2740		2790		2840		2892		2944		2998		3052		3107		3164		3221		3279		3339		3399		3461		3523		3587		3652		3718		3786		3854		3924		3995		4067		4141		4216		4292		4370		4449		4530		4612		4696		4781		4867		4955		5045		5136		5229		5324		5421		5519		5619		5721		5824		5930		6037		6146		6258		6371		6486		6604

		QPSK, 8 codes		2460		2505		2550		2597		2644		2692		2740		2790		2840		2892		2944		2998		3052		3107		3164		3221		3279		3339		3399		3461		3523		3587		3652		3718		3786		3854		3924		3995		4067		4141		4216		4292		4370		4449		4530		4612		4696		4781		4867		4955		5045		5136		5229		5324		5421		5519		5619		5721		5824		5930		6037		6146		6258		6371		6486		6604		6724		6845		6969		7096		7224		7355		7488		7624

		QPSK, 9 codes		2740		2790		2840		2892		2944		2998		3052		3107		3164		3221		3279		3339		3399		3461		3523		3587		3652		3718		3786		3854		3924		3995		4067		4141		4216		4292		4370		4449		4530		4612		4696		4781		4867		4955		5045		5136		5229		5324		5421		5519		5619		5721		5824		5930		6037		6146		6258		6371		6486		6604		6724		6845		6969		7096		7224		7355		7488		7624		7762		7902		8046		8191		8340		8491

		QPSK, 10 codes		3052		3107		3164		3221		3279		3339		3399		3461		3523		3587		3652		3718		3786		3854		3924		3995		4067		4141		4216		4292		4370		4449		4530		4612		4696		4781		4867		4955		5045		5136		5229		5324		5421		5519		5619		5721		5824		5930		6037		6146		6258		6371		6486		6604		6724		6845		6969		7096		7224		7355		7488		7624		7762		7902		8046		8191		8340		8491		8644		8801		8960		9123		9288		9456

		QPSK, 11 codes		3399		3461		3523		3587		3652		3718		3786		3854		3924		3995		4067		4141		4216		4292		4370		4449		4530		4612		4696		4781		4867		4955		5045		5136		5229		5324		5421		5519		5619		5721		5824		5930		6037		6146		6258		6371		6486		6604		6724		6845		6969		7096		7224		7355		7488		7624		7762		7902		8046		8191		8340		8491		8644		8801		8960		9123		9288		9456		9627		9802		9979		10160		10344		10531

		QPSK, 12 codes		3652		3718		3786		3854		3924		3995		4067		4141		4216		4292		4370		4449		4530		4612		4696		4781		4867		4955		5045		5136		5229		5324		5421		5519		5619		5721		5824		5930		6037		6146		6258		6371		6486		6604		6724		6845		6969		7096		7224		7355		7488		7624		7762		7902		8046		8191		8340		8491		8644		8801		8960		9123		9288		9456		9627		9802		9979		10160		10344		10531		10722		10916		11114		11315

		QPSK, 13 codes		3995		4067		4141		4216		4292		4370		4449		4530		4612		4696		4781		4867		4955		5045		5136		5229		5324		5421		5519		5619		5721		5824		5930		6037		6146		6258		6371		6486		6604		6724		6845		6969		7096		7224		7355		7488		7624		7762		7902		8046		8191		8340		8491		8644		8801		8960		9123		9288		9456		9627		9802		9979		10160		10344		10531		10722		10916		11114		11315		11520		11729		11941		12158		12378

		QPSK, 14 codes		4292		4370		4449		4530		4612		4696		4781		4867		4955		5045		5136		5229		5324		5421		5519		5619		5721		5824		5930		6037		6146		6258		6371		6486		6604		6724		6845		6969		7096		7224		7355		7488		7624		7762		7902		8046		8191		8340		8491		8644		8801		8960		9123		9288		9456		9627		9802		9979		10160		10344		10531		10722		10916		11114		11315		11520		11729		11941		12158		12378		12602		12830		13063		13299

		QPSK, 15 codes		4612		4696		4781		4867		4955		5045		5136		5229		5324		5421		5519		5619		5721		5824		5930		6037		6146		6258		6371		6486		6604		6724		6845		6969		7096		7224		7355		7488		7624		7762		7902		8046		8191		8340		8491		8644		8801		8960		9123		9288		9456		9627		9802		9979		10160		10344		10531		10722		10916		11114		11315		11520		11729		11941		12158		12378		12602		12830		13063		13299		13540		13785		14035		14289

		16QAM, 1 code		606		617		629		640		652		663		675		688		700		713		726		739		752		766		780		794		808		823		838		853		868		884		900		917		933		950		967		985		1003		1021		1039		1058		1077		1097		1117		1137		1158		1178		1200		1222		1244		1266		1289		1313		1336		1361		1385		1410		1436		1462		1488		1515		1543		1571		1599		1628		1658		1688		1718		1749		1781		1813		1846		1880

		16QAM, 2 codes		1222		1244		1266		1289		1313		1336		1361		1385		1410		1436		1462		1488		1515		1543		1571		1599		1628		1658		1688		1718		1749		1781		1813		1846		1880		1914		1948		1984		2020		2056		2093		2131		2170		2209		2249		2290		2331		2374		2417		2460		2505		2550		2597		2644		2692		2740		2790		2840		2892		2944		2998		3052		3107		3164		3221		3279		3339		3399		3461		3523		3587		3652		3718		3786

		16QAM, 3 codes		1846		1880		1914		1948		1984		2020		2056		2093		2131		2170		2209		2249		2290		2331		2374		2417		2460		2505		2550		2597		2644		2692		2740		2790		2840		2892		2944		2998		3052		3107		3164		3221		3279		3339		3399		3461		3523		3587		3652		3718		3786		3854		3924		3995		4067		4141		4216		4292		4370		4449		4530		4612		4696		4781		4867		4955		5045		5136		5229		5324		5421		5519		5619		5721

		16QAM, 4 codes		2460		2505		2550		2597		2644		2692		2740		2790		2840		2892		2944		2998		3052		3107		3164		3221		3279		3339		3399		3461		3523		3587		3652		3718		3786		3854		3924		3995		4067		4141		4216		4292		4370		4449		4530		4612		4696		4781		4867		4955		5045		5136		5229		5324		5421		5519		5619		5721		5824		5930		6037		6146		6258		6371		6486		6604		6724		6845		6969		7096		7224		7355		7488		7624

		16QAM, 5 codes		3052		3107		3164		3221		3279		3339		3399		3461		3523		3587		3652		3718		3786		3854		3924		3995		4067		4141		4216		4292		4370		4449		4530		4612		4696		4781		4867		4955		5045		5136		5229		5324		5421		5519		5619		5721		5824		5930		6037		6146		6258		6371		6486		6604		6724		6845		6969		7096		7224		7355		7488		7624		7762		7902		8046		8191		8340		8491		8644		8801		8960		9123		9288		9456

		16QAM, 6 codes		3652		3718		3786		3854		3924		3995		4067		4141		4216		4292		4370		4449		4530		4612		4696		4781		4867		4955		5045		5136		5229		5324		5421		5519		5619		5721		5824		5930		6037		6146		6258		6371		6486		6604		6724		6845		6969		7096		7224		7355		7488		7624		7762		7902		8046		8191		8340		8491		8644		8801		8960		9123		9288		9456		9627		9802		9979		10160		10344		10531		10722		10916		11114		11315

		16QAM, 7 codes		4292		4370		4449		4530		4612		4696		4781		4867		4955		5045		5136		5229		5324		5421		5519		5619		5721		5824		5930		6037		6146		6258		6371		6486		6604		6724		6845		6969		7096		7224		7355		7488		7624		7762		7902		8046		8191		8340		8491		8644		8801		8960		9123		9288		9456		9627		9802		9979		10160		10344		10531		10722		10916		11114		11315		11520		11729		11941		12158		12378		12602		12830		13063		13299

		16QAM, 8 codes		4867		4955		5045		5136		5229		5324		5421		5519		5619		5721		5824		5930		6037		6146		6258		6371		6486		6604		6724		6845		6969		7096		7224		7355		7488		7624		7762		7902		8046		8191		8340		8491		8644		8801		8960		9123		9288		9456		9627		9802		9979		10160		10344		10531		10722		10916		11114		11315		11520		11729		11941		12158		12378		12602		12830		13063		13299		13540		13785		14035		14289		14548		14811		15080

		16QAM, 9 codes		5519		5619		5721		5824		5930		6037		6146		6258		6371		6486		6604		6724		6845		6969		7096		7224		7355		7488		7624		7762		7902		8046		8191		8340		8491		8644		8801		8960		9123		9288		9456		9627		9802		9979		10160		10344		10531		10722		10916		11114		11315		11520		11729		11941		12158		12378		12602		12830		13063		13299		13540		13785		14035		14289		14548		14811		15080		15353		15631		15914		16202		16496		16794		17099

		16QAM, 10 codes		6146		6258		6371		6486		6604		6724		6845		6969		7096		7224		7355		7488		7624		7762		7902		8046		8191		8340		8491		8644		8801		8960		9123		9288		9456		9627		9802		9979		10160		10344		10531		10722		10916		11114		11315		11520		11729		11941		12158		12378		12602		12830		13063		13299		13540		13785		14035		14289		14548		14811		15080		15353		15631		15914		16202		16496		16794		17099		17408		17724		18045		18371		18704		19043

		16QAM, 11 codes		6724		6845		6969		7096		7224		7355		7488		7624		7762		7902		8046		8191		8340		8491		8644		8801		8960		9123		9288		9456		9627		9802		9979		10160		10344		10531		10722		10916		11114		11315		11520		11729		11941		12158		12378		12602		12830		13063		13299		13540		13785		14035		14289		14548		14811		15080		15353		15631		15914		16202		16496		16794		17099		17408		17724		18045		18371		18704		19043		19388		19739		20096		20460		20831

		16QAM, 12 codes		7355		7488		7624		7762		7902		8046		8191		8340		8491		8644		8801		8960		9123		9288		9456		9627		9802		9979		10160		10344		10531		10722		10916		11114		11315		11520		11729		11941		12158		12378		12602		12830		13063		13299		13540		13785		14035		14289		14548		14811		15080		15353		15631		15914		16202		16496		16794		17099		17408		17724		18045		18371		18704		19043		19388		19739		20096		20460		20831		21208		21592		21983		22382		22787

		16QAM, 13 codes		8046		8191		8340		8491		8644		8801		8960		9123		9288		9456		9627		9802		9979		10160		10344		10531		10722		10916		11114		11315		11520		11729		11941		12158		12378		12602		12830		13063		13299		13540		13785		14035		14289		14548		14811		15080		15353		15631		15914		16202		16496		16794		17099		17408		17724		18045		18371		18704		19043		19388		19739		20096		20460		20831		21208		21592		21983		22382		22787		23200		23620		24048		24483		24926

		16QAM, 14 codes		8644		8801		8960		9123		9288		9456		9627		9802		9979		10160		10344		10531		10722		10916		11114		11315		11520		11729		11941		12158		12378		12602		12830		13063		13299		13540		13785		14035		14289		14548		14811		15080		15353		15631		15914		16202		16496		16794		17099		17408		17724		18045		18371		18704		19043		19388		19739		20096		20460		20831		21208		21592		21983		22382		22787		23200		23620		24048		24483		24926		25378		25838		26306		26782

		16QAM, 15 codes		9288		9456		9627		9802		9979		10160		10344		10531		10722		10916		11114		11315		11520		11729		11941		12158		12378		12602		12830		13063		13299		13540		13785		14035		14289		14548		14811		15080		15353		15631		15914		16202		16496		16794		17099		17408		17724		18045		18371		18704		19043		19388		19739		20096		20460		20831		21208		21592		21983		22382		22787		23200		23620		24048		24483		24926		25378		25838		26306		26782		27267		27761		28264		28776
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