
TSG-RAN WG1 #53
R1-082004
Kansas City, MO, USA, May 5 — 9, 2008
Source:
Ericsson

Title:
MCS and TBS Tables for PUSCH
Agenda Item:
7.1.2
Document for:
Discussion and Decision
1. Introduction

The MCS/TBS tables for PDSCH were agreed in RAN1#52b [1, 2]. It was further agreed that the MCS/TBS tables for the PUSCH shall be a subset of those for the PDSCH. Remaining issues related to this subject are discussed in this contribution.
A straightforward reuse of the PDSCH MCS and TBS tables for the PUSCH could be undesirable based on two considerations.
· The PDSCH MCS table was design based on a reference system configuration of 120 REs per RB pair [2]. For PUSCH, a reference configuration of 12×12=144 REs per RB pair can be assumed. If the PDSCH MCS and TBS tables are reused for the PUSCH directly, the reference spectral efficiency can be found in Table 1. Since SC-FDMA (instead of OFDM) is used for PUSCH, the modulation orders for a range of MCSs are far from optimal as shown in Appendix A.  That is, for a quarter of the MCSs, the SC-FDMA link performance can be improved by up to 1 dB if a higher order modulation with lower coding rates are replaced by a lower order modulation with higher coding rates.
· The ranges of modulation orders supported by the PDSCH and PUSCH may not be identical for a given pair of eNodeB and UE. For a UE in categories 1 to 4 [3], 64QAM is not supported for PUSCH. Furthermore, the eNodeB may decide not to support 64QAM in PUSCH. Since the highest spectral efficiency supported by 16QAM is 2.14 bits/symbol, achievable peak rates for PUSCH not supporting 64QAM could be severely limited.
In this contribution, we propose a PUSCH MCS/TBS table framework based on the components of the existing PDSCH MCS/TBS tables.
Table 1 Reference spectral efficiency with straightforward reuse of MCS/TBS tables
	MCS
Index
	PDSCH
	PUSCH

	
	Modulation
Order
	Reference
Spectral
Efficiency
	Modulation
Order
	Reference
Spectral
Efficiency

	0
	2
	0.23
	2
	0.20

	1
	2
	0.31
	2
	0.25

	2
	2
	0.38
	2
	0.31

	3
	2
	0.49
	2
	0.41

	4
	2
	0.60
	2
	0.50

	5
	2
	0.74
	2
	0.62

	6
	2
	0.88
	2
	0.73

	7
	2
	1.03
	2
	0.86

	8
	2
	1.18
	2
	0.98

	9
	2
	1.33
	2
	1.11

	10
	4
	1.33
	4
	1.11

	11
	4
	1.48
	4
	1.23

	12
	4
	1.70
	4
	1.41

	13
	4
	1.91
	4
	1.60

	14
	4
	2.16
	4
	1.80

	15
	4
	2.41
	4
	2.01

	16
	4
	2.57
	4
	2.14

	17
	6
	2.57
	6
	2.14

	18
	6
	2.73
	6
	2.28

	19
	6
	3.03
	6
	2.52

	20
	6
	3.32
	6
	2.77

	21
	6
	3.61
	6
	3.01

	22
	6
	3.90
	6
	3.25

	23
	6
	4.21
	6
	3.51

	24
	6
	4.52
	6
	3.77

	25
	6
	4.82
	6
	4.02

	26
	6
	5.12
	6
	4.26

	27
	6
	5.33
	6
	4.45

	28
	6
	5.55
	6
	4.63


2. An Interpretation of the PDSCH MCS and TBS Tables
In order to construct a PUSCH MCS/TBS table solution, it is proposed to interpret the PDSCH design in [2] as composed of two components.  First, a universal TBS table of size 27×110 can be extracted from the “ConstainSameQppSizeCBS” file of [2] by removing two duplicated rows. The first few columns of this universal TBS table are illustrated in Table 2. Secondly, the PDSCH MCS table consists of a modulation order and a TBS row index for each MCS index as shown in Table 3.
Table 2 Universal TBS Table 

	TBS
Index
	Transport Block Size

	
	1RB
	2RB
	3RB
	4RB
	5RB
	…

	0
	16
	32
	56
	88
	120
	…

	1
	24
	48
	88
	120
	160
	…

	2
	32
	72
	120
	160
	200
	…

	3
	40
	104
	152
	208
	272
	…

	4
	48
	120
	200
	264
	320
	…

	5
	72
	152
	232
	320
	424
	…

	6
	320
	176
	288
	392
	504
	…

	7
	104
	232
	320
	472
	584
	…

	8
	120
	248
	392
	536
	680
	…

	9
	136
	296
	456
	616
	776
	…

	10
	152
	320
	504
	680
	872
	…

	11
	176
	376
	584
	776
	1000
	…

	12
	208
	440
	680
	904
	1128
	…

	13
	232
	488
	744
	1000
	1256
	…

	14
	264
	552
	840
	1128
	1416
	…

	15
	280
	600
	904
	1224
	1544
	…

	16
	320
	632
	968
	1288
	1608
	…

	17
	336
	696
	1064
	1416
	1800
	…

	18
	376
	776
	1160
	1544
	1992
	…

	19
	408
	840
	1288
	1736
	2152
	…

	20
	440
	904
	1384
	1864
	2344
	…

	21
	488
	1000
	1480
	1992
	2472
	…

	22
	520
	1064
	1608
	2152
	2664
	…

	23
	552
	1128
	1736
	2280
	2856
	…

	24
	584
	1192
	1800
	2408
	2984
	…

	25
	616
	1256
	1864
	2536
	3112
	…

	26
	648
	1320
	1992
	2664
	3368
	…


Table 3 MCS Table for PDSCH
	MCS
Index
	Modulation
Order
	TBS
Index

	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	2
	9

	10
	4
	9

	11
	4
	10

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14

	16
	4
	15

	17
	6
	15

	18
	6
	16

	19
	6
	17

	20
	6
	18

	21
	6
	19

	22
	6
	20

	23
	6
	21

	24
	6
	22

	25
	6
	23

	26
	6
	24

	27
	6
	25

	28
	6
	26


3. MCS and TBS Tables for PUSCH
It is proposed to re-use the 27×110 universal TBS table for the PUSCH. However, to optimize SC-FDMA link performance, a new PUSCH MCS table is proposed in Table 3. The corresponding reference spectral efficiency can be found in the Appendix B. 
When 64QAM is not supported for the PUSCH, the eNodeB can configure the UE to interpret the 64QAM modulation order in the MCS table as the 16QAM modulation order via higher layer signaling.

Table 4 MCS Table for PUSCH

	MCS
Index
	Modulation
Order
	TBS
Index

	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	2
	9

	10
	2
	10

	11
	2
	10

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14

	16
	4
	15

	17
	4
	16

	18
	4
	17

	19
	4
	18

	20
	4
	19

	21
	6
	19

	22
	6
	20

	23
	6
	21

	24
	6
	22

	25
	6
	23

	26
	6
	24

	27
	6
	25

	28
	6
	26


4. Conclusion

It is proposed to adopt the PUSCH MCS Table in Section 3 in conjunction with the existing 27×110 universal TBS table. When 64QAM is not supported for the PUSCH, the eNodeB can configure the UE to interpret the 64QAM modulation order in the MCS table as the 16QAM modulation order via higher layer signaling.
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Appendix A. Link Performance for PUSCH
The proposed PUSCH MCS table design is supported by the link performance test results in this section. The tests are based on 5MHz bandwidth with 1×2 antenna configuration, ETU channel at 3km/hr and realistic channel estimation.  Four scenarios are tested: 2 RB without frequency hopping (FH) in Figure 1, 2RB with FH in Figure 2, 12 RB with FH in Figure 3, and 25 RB without FH in Figure 4.  BLER curves in each figure are labeled with the modulation orders and code rates. In general, lower order modulations with higher coding rates are more often preferred over higher order modulations with lower coding rates by the SC-FDMA signal. (Such link performance behavior is similar to that of OFDM over a flat channel.) The results indicate QPSK should support code rates up to at least 0.6 and 16QAM should support code rates up to at least 0.75.
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Figure 1 BLER comparison for different modulation order settings for 2 RB allocation without frequency hopping.
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Figure 2 BLER comparison for different modulation order settings for 2 RB allocation with frequency hopping.
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Figure 3 BLER comparison for different modulation order settings for 12 RB allocation with frequency hopping.
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Figure 4 BLER comparison for different modulation order settings for 25 RB allocation without frequency hopping.
Appendix B. Reference Spectral Efficiency for PUSCH MCS
Table 5 Reference spectral efficiency for proposed PUSCH MCS
	MCS
Index
	Modulation
Order
	TBS
Index
	Reference
Spectral
Efficiency

	0
	2
	0
	0.20

	1
	2
	1
	0.25

	2
	2
	2
	0.31

	3
	2
	3
	0.41

	4
	2
	4
	0.50

	5
	2
	5
	0.62

	6
	2
	6
	0.73

	7
	2
	7
	0.86

	8
	2
	8
	0.98

	9
	2
	9
	1.11

	10
	2
	10
	1.23

	11
	2
	10
	1.23

	12
	4
	11
	1.41

	13
	4
	12
	1.60

	14
	4
	13
	1.80

	15
	4
	14
	2.01

	16
	4
	15
	2.14

	17
	4
	16
	2.28

	18
	4
	17
	2.52

	19
	4
	18
	2.77

	20
	4
	19
	3.01

	21
	6
	19
	3.01

	22
	6
	20
	3.25

	23
	6
	21
	3.51

	24
	6
	22
	3.77

	25
	6
	23
	4.02

	26
	6
	24
	4.26

	27
	6
	25
	4.45

	28
	6
	26
	4.63









































� Note that one TBS entry (TBS6) for the 1RB allocation is revised to support 320 bits as agreed in [1].





