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1.
Introduction

The CQI Index to Modulation coding scheme Mapping Tables such as A.4-15 in TS 36.101 are creating issues for Test system vendors, as they contain contradictions and do not align to TS 36.213 [1]. CRs independently provided from two different Test system vendors in [3] and [4], highlight the problem, but were not agreed.
This Tdoc looks at the way the values in the CQI Index to Modulation coding scheme Mapping Tables are derived, and refers to the attached spreadsheet used in the original calculation and kindly provided by Huawei. An important point is that the spreadsheet, and in our understanding the calculations done by contributing companies, all use the “efficiency” values in TS 36.213 Tables 7.2.3-1/2/3 as the basis. If this understanding is correct, it means that the calculation process is completely deterministic, and there is a clear way to derive the Imcs values, fully traceable to TS 36.213.

Test equipment vendors prefer to implement the test cases to align with TS 36.213, and therefore Mapping Tables A.4-13.. A.4-16 in TS 36.101 should align. Accompanying CRs are provided in [5], [6] and [7].
2.
Derivation of values in TS 36.101 Tables A.4-x, and relation to TS 36.213
To understand the calculation method, please refer to the spreadsheet provided in attachment [a]. For this discussion, we consider 36.101 Table A.4-15 and in particular MCS.11A.
The tab “684” is used to calculate Imcs for MCS.11A with 6RB/684 REs (the other tab “672” is used to calculate Imcs for MCS.12A, with 6RB/672 RE).
The key inputs to the spreadsheet are:

· TS 36.213  Table 7.1.7.1-1A (Modulation and TBS index table 2, IMCS to ITBS mapping)
· TS 36.213 Table 7.1.7.2.1-1 (TBS for 6RB)
· TS 36.213 Table 7.2.3-2 (Mapping of CQI index to modulation and efficiency)
The third bullet is not mentioned in 36.101 Table A.4-x, but the cells shown as pink in the spreadsheet use “SE”, Spectrum efficiency, as the input, with values taken directly from TS 36.213 Table 7.2.3-2:

Table 7.2.3-2: 4-bit CQI Table 2

	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK 
	78 
	0.1523 

	2
	QPSK 
	193 
	0.3770 

	3
	QPSK 
	449 
	0.8770 

	4
	16QAM 
	378 
	1.4766 

	5
	16QAM 
	490 
	1.9141 

	6
	16QAM 
	616 
	2.4063 

	7
	64QAM 
	466 
	2.7305 

	8
	64QAM 
	567 
	3.3223 

	9
	64QAM 
	666 
	3.9023 

	10
	64QAM 
	772 
	4.5234 

	11
	64QAM 
	873 
	5.1152 

	12
	256QAM 
	711 
	5.5547 

	13
	256QAM 
	797 
	6.2266

	14
	256QAM 
	885 
	6.9141

	15
	256QAM 
	948 
	7.4063 


These input values are used in the spreadsheet to derive the Target Coding Rates (shown as green cells in the spreadsheet), which then appear in TS 36.101 [2] Table A.4-15:

Table A.4-15: Mapping of CQI Index to Modulation coding scheme (Modulation and TBS indx Table 2 and 4-bit CQI Table 2 are used) 

	CQI Index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	Notes

	Target Coding Rate
	OOR
	0.0762
	0.1885
	0.4385
	0.3691
	0.4785
	0.6016
	0.6826
	0.5537
	0.6504
	0.7539
	0.8525
	0.6943
	0.7783
	0.8643
	0.9258
	

	Modulation
	OOR
	QPSK
	16QAM
	64QAM
	256QAM
	

	MCS Scheme
	PRB
	Available
RE-s
	Imcs
	

	MCS.11A
	6
	684
	DTX
	0
	1
	3
	5
	7
	8
	10
	13
	14
	16
	18
	20
	22
	24
	25
	

	MCS.12A
	6
	672
	DTX
	0
	1
	3
	5
	6
	8
	10
	12
	14
	16
	18
	20
	22
	24
	25
	

	MCS.11B
	8
	912
	DTX
	0
	1
	3
	5
	7
	9
	10
	13
	14
	16
	18
	19
	22
	24
	26
	

	MCS.12B
	8
	896
	DTX
	0
	1
	3
	5
	6
	8
	10
	12
	14
	16
	18
	19
	22
	24
	25
	

	Note 1:
Mapping between Imcs and TBS according to Tables 7.1.7.1-1 and 7.1.7.2.1-1 in TS 36.213 [6].

Note 2:
3 symbols allocated to PDCCH.

Note 3:
Sub-frame#0 and #5 are not used for the corresponding requirement. The next subframe (i.e. sub-frame#1 or #6) shall be used for potential retransmissions.


When checking the values, we notice:

· The spreadsheet follows exactly the CQI index, modulation order and efficiency values in 36.213 Table 7.2.3-2 
· TS 36.101 [2] Table A.4-15 follows the CQI index, modulation order and efficiency values in 36.213 Table 7.2.3-2 but does not align with either the spreadsheet or with TS 36.213 for CQI Index 7, as shown with yellow highlight.   

The exception for CQI Index 7 seems to violate the intention to follow TS 36.213. We also note that in earlier tables such as TS 36.101 Table A.4-13 the Target coding rate and modulation entries do follow TS 36.213. For the example chosen here (MCS.11A with 6RB/684 REs) Anritsu therefore proposes to make the following changes, shown with grey highlight in the extract below from the CR in [6]: 
· Align the target coding rate for CQI Index 7 with the spreadsheet, based on 36.213 Table 7.2.3-2 

· Move the border of 16QAM/64QAM modulation to align with 36.213 Tables 7.1.7.1-1A and 7.2.3-2
· Align Imcs for CQI Index 7 to the value predicted by the spreadsheet for the target coding rate

· Update Note 1 to properly refer to all the 36.213 Tables used in the calculation
Table A.4-15: Mapping of CQI Index to Modulation coding scheme (Modulation and TBS index Table 2 and 4-bit CQI Table 2 are used) 

	CQI Index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	Notes

	Target Coding Rate
	OOR
	0.0762
	0.1885
	0.4385
	0.3691
	0.4785
	0.6016
	0.4551
	0.5537
	0.6504
	0.7539
	0.8525
	0.6943
	0.7783
	0.8643
	0.9258
	

	Modulation
	OOR
	QPSK
	16QAM
	64QAM
	256QAM
	

	MCS Scheme
	PRB
	Available
RE-s
	Imcs
	

	MCS.11A
	6
	684
	DTX
	0
	1
	3
	5
	7
	8
	11
	13
	14
	16
	18
	20
	22
	24
	25
	

	MCS.12A
	6
	672
	DTX
	0
	1
	3
	5
	6
	8
	11
	12
	14
	16
	18
	20
	22
	24
	25
	

	MCS.11B
	8
	912
	DTX
	0
	1
	3
	5
	7
	9
	11
	13
	14
	16
	18
	20
	22
	24
	26
	

	MCS.12B
	8
	896
	DTX
	0
	1
	3
	5
	6
	8
	11
	12
	14
	16
	18
	20
	22
	24
	25
	

	Note 1:
Mapping between Imcs, MCS and CQI Index according to Tables 7.1.7.1-1A, 7.1.7.2.1-1 and 7.2.3-2 in TS 36.213 [6].
Note 2:
3 symbols allocated to PDCCH.

Note 3:
Sub-frame#0 and #5 are not used for the corresponding requirement. The next subframe (i.e. sub-frame#1 or #6) shall be used for potential retransmissions.


The other changes in the CR [6], not shown with grey highlight, result from a similar exercise for other MCS schemes 12A/11B/12B.
3.
Review of values in TS 36.101 Tables A.4-x
Checking all the values in TS 36.101 [2] Tables A.4-13/14/15/16 shows a number of values that do not align with the calculation process above, and therefore do not align with TS 36.213.
· In Table A.4-13, several Imcs values
· In Table A.4-14, target coding rate for CQI Index 11, border of 64QAM/256QAM modulation, several Imcs values
· In Table A.4-15, target coding rate for CQI Index 7, border of 16QAM/64QAM modulation, several Imcs values
· In Table A.4-16, border of QPSK/16QAM modulation, one Imcs value
The detail of the changes can be seen in associated CRs [5], [6] and [7]. The spreadsheet used to derive the values is provided as attachment [b], and contains extra tabs for 912 REs, 896 REs, together with new tabs for each Table in TS 36.101.
4.
Proposals
· Proposal 1: The calculation method based on TS 36.213 is endorsed by RAN4

· Proposal 2: TS 36.101 Tables A.4-13/14/15/16 are updated to align with TS 36.213 
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Attachments
[a] CQI2MCS mapping for 256QAM PUSCH 3-1 test Ericsson MTK v2+Anritsu highlight.xls

[b] CQI2MCS mapping for 256QAM PUSCH 3-1 test Ericsson MTK v2_anritsu_r3
Annex A:
Extracts from TS 36.213
Table 7.1.7.1-1: Modulation and TBS index table for PDSCH

	MCS Index
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	Modulation Order
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	TBS Index
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	0
	2
	2
	0

	1
	2
	2
	1

	2
	2
	2
	2

	3
	2
	2
	3

	4
	2
	2
	4

	5
	2
	4
	5

	6
	2
	4
	6

	7
	2
	4
	7

	8
	2
	4
	8

	9
	2
	4
	9

	10
	4
	6
	9

	11
	4
	6
	10

	12
	4
	6
	11

	13
	4
	6
	12

	14
	4
	6
	13

	15
	4
	6
	14

	16
	4
	6
	15

	17
	6
	6
	15

	18
	6
	6
	16

	19
	6
	6
	17

	20
	6
	6
	18

	21
	6
	6
	19

	22
	6
	6
	20

	23
	6
	6
	21

	24
	6
	6
	22

	25
	6
	6
	23

	26
	6
	6
	24

	27
	6
	6
	25

	28
	6
	6
	26/26A

	29
	2
	2
	reserved

	30
	4
	4
	

	31
	6
	6
	


Table 7.1.7.1-1A. Modulation and TBS index table 2 for PDSCH

	MCS Index
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	Modulation Order
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	Modulation Order
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	TBS Index
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	0
	2 
	2
	0 

	1
	2 
	2
	2 

	2
	2 
	2
	4 

	3
	2 
	4
	6 

	4
	2 
	4
	8 

	5
	4 
	6
	10 

	6
	4 
	6
	11 

	7
	4 
	6
	12 

	8
	4 
	6
	13 

	9
	4 
	6
	14 

	10
	4 
	8
	15 

	11
	6 
	8
	16 

	12
	6 
	8
	17 

	13
	6 
	8
	18 

	14
	6 
	8
	19 

	15
	6 
	8
	20 

	16
	6 
	8
	21 

	17
	6 
	8
	22 

	18
	6 
	8
	23 

	19
	6 
	8
	24 

	20
	8 
	8
	25 

	21
	8 
	8
	27 

	22
	8 
	8
	28 

	23
	8 
	8
	29 

	24
	8 
	8
	30 

	25
	8 
	8
	31 

	26
	8 
	8
	32 

	27
	8 
	8
	33/33A 

	28
	2 
	2 
	reserved

	29
	4 
	4 
	

	30
	6 
	6 
	

	31
	8 
	8 
	


<< clauses skipped >>
Table 7.2.3-1: 4-bit CQI Table

	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.3770

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547


Table 7.2.3-2: 4-bit CQI Table 2

	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK 
	78 
	0.1523 

	2
	QPSK 
	193 
	0.3770 

	3
	QPSK 
	449 
	0.8770 

	4
	16QAM 
	378 
	1.4766 

	5
	16QAM 
	490 
	1.9141 

	6
	16QAM 
	616 
	2.4063 

	7
	64QAM 
	466 
	2.7305 

	8
	64QAM 
	567 
	3.3223 

	9
	64QAM 
	666 
	3.9023 

	10
	64QAM 
	772 
	4.5234 

	11
	64QAM 
	873 
	5.1152 

	12
	256QAM 
	711 
	5.5547 

	13
	256QAM 
	797 
	6.2266

	14
	256QAM 
	885 
	6.9141

	15
	256QAM 
	948 
	7.4063 


Table 7.2.3-3: 4-bit CQI Table 3
	CQI index
	modulation
	code rate x 1024 x 
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	efficiency

	0
	out of range

	1
	QPSK 
	40
	0.0781

	2
	QPSK 
	78
	0.1523

	3
	QPSK 
	120
	0.2344

	4
	QPSK
	193
	0.3770

	5
	QPSK 
	308
	0.6016

	6
	QPSK
	449
	0.8770

	7
	QPSK 
	602
	1.1758

	8
	16QAM 
	378
	1.4766

	9
	16QAM 
	490
	1.9141

	10
	16QAM 
	616
	2.4063

	11
	Reserved 
	Reserved
	Reserved

	12
	Reserved
	Reserved
	Reserved

	13
	Reserved
	Reserved
	Reserved

	14
	Reserved 
	Reserved
	Reserved

	15
	Reserved 
	Reserved
	Reserved
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