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1
Introduction

RAN #34 has approved a work item ‎[1] on 64QAM for HSDPA.

RAN1 #47bis has agreed on a set of draft CRs ‎[2]

 REF _Ref158497721 \r \h 
‎[3]

 REF _Ref158497722 \r \h 
‎[4]

 REF _Ref158497724 \r \h 
‎[5]

 REF _Ref158497725 \r \h 
‎[6] as baseline for further work. However, the UE categories and CQI tables are still open issues. In this contribution, CQI tables are constructed for the new UE categories ‘13’ and ‘14’ proposed in ‎[10]‎[11]. The proposals are based on analysis and extension of the existing CQI tables for UE category 10 ‎[13].
2
Analysis of existing CQI table
Table 1 shows an analysis of the existing Category 10 CQI table ‎[13]. In this analysis, we have calculated the coding rate based on the transport block size, a 24 bit CRC, the modulation, and the number of HS-PDSCH. The “information rate” is simply the coding rate times the number of physical bits per symbol (2, 4, and 6 for QPSK, 16QAM, and 64QAM, respectively).

Using an MCS table (see appendix; this MCS table was also used in link simulation contributions ‎[7]

 REF _Ref158498281 \r \h 
‎[8]) constructed from AWGN link simulations, we can infer the per-symbol SNR required for 10% BLER operation for a given table entry. For example, CQI 25 has the information rate 3.01 bits/sym (coding rate 0.75), which in the MCS table indicates a per-symbol SNR of 10.5 dB.

The total SNR is simply the symbol SNR (in linear scale) times the number of HS-PDSCH used for the transport format. Lastly, the step size column of the table indicates the change in the total SNR from the preceding entry.

The total SNR information implicit in the reported CQI is the important information. The intent of the original CQI table is to cover a wide range of total SNR values with a nominal step size of 1 dB ‎[9]. Looking at the last column of Table 1, we see that this is the case, for the most part.
3
Construction of new CQI tables

In constructing the CQI table for the inclusion of 64QAM, we will follow the original intent of the CQI table. The inclusion of 64QAM requires higher symbol SNRs for adequate performance, and therefore higher total SNR values. To include 64QAM, we have to extend the top total SNR of the CQI table by some value. We also need to stretch the CQI steps somehow. One possibility is to scale up the step size uniformly with some factor. However, we are here going to propose to apply two different factors; in the lower end we keep the 1-dB step size, while in the upper end we apply an increased step size in order to achieve the required dynamic range.

It is noted that in the Category 10 table, the highest transport format entry is for 15 HS-PDSCH of 16QAM at coding rate of 0.9. While higher rates can be transmitted by the Node B, this is the highest rate in the table. Taking this cue from the Category 10 table, it is proposed that the highest rate entry in the new table be 15 HS-PDSCH of 64QAM at a coding rate of (roughly) 0.9. This can be seen in the last row of the proposed 64QAM CQI table, Table 2. The coding/information rate of this entry establishes the required per-symbol SNR, and thereby establishes the top total SNR of 30.5 dB. Further, the coding/information rate establishes the transport block size, given the number of HS-PDSCHs, etc.

Table 1: Analysis of existing Category 10 CQI table

	CQI Val.
	Tr Blk size
	No. HS-PDSCH
	Modulation
	Code Rate
	Info Rate [b/sym]
	Symbol SNR [dB]
	Total SNR [dB]
	Step Size Tot. SNR [dB]

	1
	137
	1
	QPSK
	0.17
	0.34
	-4.2
	-4.2
	 

	2
	173
	1
	QPSK
	0.21
	0.41
	-3.4
	-3.4
	0.8

	3
	233
	1
	QPSK
	0.27
	0.54
	-2.2
	-2.2
	1.2

	4
	317
	1
	QPSK
	0.36
	0.71
	-0.5
	-0.5
	1.7

	5
	377
	1
	QPSK
	0.42
	0.84
	0.2
	0.2
	0.7

	6
	461
	1
	QPSK
	0.51
	1.01
	1.3
	1.3
	1.1

	7
	650
	2
	QPSK
	0.35
	0.70
	-0.6
	2.4
	1.1

	8
	792
	2
	QPSK
	0.43
	0.85
	0.3
	3.3
	0.9

	9
	931
	2
	QPSK
	0.50
	0.99
	1.2
	4.2
	0.9

	10
	1262
	3
	QPSK
	0.45
	0.89
	0.6
	5.3
	1.1

	11
	1483
	3
	QPSK
	0.52
	1.05
	1.5
	6.3
	1.0

	12
	1742
	3
	QPSK
	0.61
	1.23
	2.6
	7.4
	1.1

	13
	2279
	4
	QPSK
	0.60
	1.20
	2.5
	8.5
	1.1

	14
	2583
	4
	QPSK
	0.68
	1.36
	3.5
	9.5
	1.0

	15
	3319
	5
	QPSK
	0.70
	1.39
	3.7
	10.7
	1.2

	16
	3565
	5
	16-QAM
	0.37
	1.50
	4.3
	11.3
	0.6

	17
	4189
	5
	16-QAM
	0.44
	1.76
	5.9
	12.9
	1.6

	18
	4664
	5
	16-QAM
	0.49
	1.95
	7.1
	14.1
	1.2

	19
	5287
	5
	16-QAM
	0.55
	2.21
	7.9
	14.9
	0.8

	20
	5887
	5
	16-QAM
	0.62
	2.46
	8.4
	15.4
	0.5

	21
	6554
	5
	16-QAM
	0.69
	2.74
	9.4
	16.4
	1.0

	22
	7168
	5
	16-QAM
	0.75
	3.00
	10.4
	17.4
	1.0

	23
	9719
	7
	16-QAM
	0.72
	2.90
	10.0
	18.5
	1.1

	24
	11418
	8
	16-QAM
	0.74
	2.98
	10.3
	19.4
	0.9

	25
	14411
	10
	16-QAM
	0.75
	3.01
	10.5
	20.5
	1.1

	26
	17237
	12
	16-QAM
	0.75
	3.00
	10.4
	21.2
	0.7

	27
	21754
	15
	16-QAM
	0.76
	3.02
	10.5
	22.3
	1.1

	28
	23370
	15
	16-QAM
	0.81
	3.25
	11.4
	23.2
	0.9

	29
	24222
	15
	16-QAM
	0.84
	3.37
	11.8
	23.6
	0.4

	30
	25558
	15
	16-QAM
	0.89
	3.55
	12.4
	24.1
	0.6


Having established the top total SNR, we work down in CQI, reducing the total SNR by approximately 1.5 dB in each step. With each new total SNR, the transport block size and number of codes are adjusted to give the information/coding rate which will operate at that total SNR. The transport block sizes were quantized to allowable transport block sizes according to ‎[14] and the koi values proposed in ‎[11]

 REF _Ref158499739 \r \h 
‎[12], so the resulting step sizes are not exactly 1.5 dB. This process is continued down through CQI 21. CQI 20 and below are left unchanged from the original Category 10 table.

Following the proposal of ‎[10]‎[11], the new UE categories would have maximum HS-DSCH transport block sizes of 30570 and 42196, respectively. Therefore, Table 2 would only be a valid CQI table for Category 14 UEs, and is proposed as such. We propose Table 3 as the CQI table for Category 13, extending the maximum allowable transport block size in CQI 27 up through CQI 30, utilizing reference power adjustments of -1.5, -3.0, and -4.5 to maintain a 1.5 dB step size of total SNR. This is similar to the technique employed in the existing Category 9 CQI table.

3
Conclusion

It is proposed to adopt the CQI tables described in this contribution for the new UE categories 13 and 14.
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 Table 2: Proposed 64QAM CQI table (Category 14)

	CQI Val.
	Tr Blk size
	Modulation
	No. HS-PDSCH
	Code Rate
	Info Rate [b/sym]
	Symbol SNR [dB]
	Total SNR [dB]
	Step size

	1
	137
	QPSK
	1
	0.17
	0.34
	-4.2
	-4.2
	 

	2
	173
	QPSK
	1
	0.21
	0.41
	-3.4
	-3.4
	0.8

	3
	233
	QPSK
	1
	0.27
	0.54
	-2.2
	-2.2
	1.2

	4
	317
	QPSK
	1
	0.36
	0.71
	-0.5
	-0.5
	1.7

	5
	377
	QPSK
	1
	0.42
	0.84
	0.2
	0.2
	0.7

	6
	461
	QPSK
	1
	0.51
	1.01
	1.3
	1.3
	1.1

	7
	650
	QPSK
	2
	0.35
	0.70
	-0.6
	2.4
	1.1

	8
	792
	QPSK
	2
	0.43
	0.85
	0.3
	3.3
	0.9

	9
	931
	QPSK
	2
	0.50
	0.99
	1.2
	4.2
	0.9

	10
	1262
	QPSK
	3
	0.45
	0.89
	0.6
	5.3
	1.1

	11
	1483
	QPSK
	3
	0.52
	1.05
	1.5
	6.3
	1.0

	12
	1742
	QPSK
	3
	0.61
	1.23
	2.6
	7.4
	1.1

	13
	2279
	QPSK
	4
	0.60
	1.20
	2.5
	8.5
	1.1

	14
	2583
	QPSK
	4
	0.68
	1.36
	3.5
	9.5
	1.0

	15
	3319
	QPSK
	5
	0.70
	1.39
	3.7
	10.7
	1.2

	16
	3565
	16-QAM
	5
	0.37
	1.50
	4.3
	11.3
	0.6

	17
	4189
	16-QAM
	5
	0.44
	1.76
	5.9
	12.9
	1.6

	18
	4664
	16-QAM
	5
	0.49
	1.95
	7.1
	14.1
	1.2

	19
	5287
	16-QAM
	5
	0.55
	2.21
	7.9
	14.9
	0.8

	20
	5887
	16-QAM
	5
	0.62
	2.46
	8.4
	15.4
	0.5

	21
	6916
	16-QAM
	5
	0.72
	2.89
	10.0
	17.0
	1.6

	22
	9719
	16-QAM
	7
	0.72
	2.90
	10.0
	18.5
	1.5

	23
	13657
	16-QAM
	10
	0.71
	2.85
	9.8
	19.8
	1.4

	24
	17237
	16-QAM
	12
	0.75
	3.00
	10.4
	21.2
	1.4

	25
	22548
	16-QAM
	15
	0.78
	3.14
	11.0
	22.7
	1.5

	26
	25105
	16-QAM
	15
	0.87
	3.49
	12.4
	24.1
	1.4

	27
	28971
	64-QAM
	15
	0.67
	4.03
	13.9
	25.7
	1.6

	28
	32257
	64-QAM
	15
	0.75
	4.48
	15.3
	27.1
	1.4

	29
	35916
	64-QAM
	15
	0.83
	4.99
	16.9
	28.7
	1.6

	30
	39279
	64-QAM
	15
	0.91
	5.46
	18.7
	30.5
	1.8


Table 3: Proposed Category 13 CQI table

	CQI Val.
	Tr Blk size
	Modulation
	No. HS-PDSCH
	Code Rate
	Info Rate [b/sym]
	Symbol SNR [dB]
	Total SNR [dB]
	Step size
	Ref. Pwr. Adj. [dB]

	1
	137
	QPSK
	1
	0.17
	0.34
	-4.2
	-4.2
	 
	0.0

	2
	173
	QPSK
	1
	0.21
	0.41
	-3.4
	-3.4
	0.8
	0.0

	3
	233
	QPSK
	1
	0.27
	0.54
	-2.2
	-2.2
	1.2
	0.0

	4
	317
	QPSK
	1
	0.36
	0.71
	-0.5
	-0.5
	1.7
	0.0

	5
	377
	QPSK
	1
	0.42
	0.84
	0.2
	0.2
	0.7
	0.0

	6
	461
	QPSK
	1
	0.51
	1.01
	1.3
	1.3
	1.1
	0.0

	7
	650
	QPSK
	2
	0.35
	0.70
	-0.6
	2.4
	1.1
	0.0

	8
	792
	QPSK
	2
	0.43
	0.85
	0.3
	3.3
	0.9
	0.0

	9
	931
	QPSK
	2
	0.50
	0.99
	1.2
	4.2
	0.9
	0.0

	10
	1262
	QPSK
	3
	0.45
	0.89
	0.6
	5.3
	1.1
	0.0

	11
	1483
	QPSK
	3
	0.52
	1.05
	1.5
	6.3
	1.0
	0.0

	12
	1742
	QPSK
	3
	0.61
	1.23
	2.6
	7.4
	1.1
	0.0

	13
	2279
	QPSK
	4
	0.60
	1.20
	2.5
	8.5
	1.1
	0.0

	14
	2583
	QPSK
	4
	0.68
	1.36
	3.5
	9.5
	1.0
	0.0

	15
	3319
	QPSK
	5
	0.70
	1.39
	3.7
	10.7
	1.2
	0.0

	16
	3565
	16-QAM
	5
	0.37
	1.50
	4.3
	11.3
	0.6
	0.0

	17
	4189
	16-QAM
	5
	0.44
	1.76
	5.9
	12.9
	1.6
	0.0

	18
	4664
	16-QAM
	5
	0.49
	1.95
	7.1
	14.1
	1.2
	0.0

	19
	5287
	16-QAM
	5
	0.55
	2.21
	7.9
	14.9
	0.8
	0.0

	20
	5887
	16-QAM
	5
	0.62
	2.46
	8.4
	15.4
	0.5
	0.0

	21
	6916
	16-QAM
	5
	0.72
	2.89
	10.0
	17.0
	1.6
	0.0

	22
	9719
	16-QAM
	7
	0.72
	2.90
	10.0
	18.5
	1.5
	0.0

	23
	13657
	16-QAM
	10
	0.71
	2.85
	9.8
	19.8
	1.4
	0.0

	24
	17237
	16-QAM
	12
	0.75
	3.00
	10.4
	21.2
	1.4
	0.0

	25
	22548
	16-QAM
	15
	0.78
	3.14
	11.0
	22.7
	1.5
	0.0

	26
	25105
	16-QAM
	15
	0.87
	3.49
	12.4
	24.1
	1.4
	0.0

	27
	28971
	64-QAM
	15
	0.67
	4.03
	13.9
	25.7
	1.6
	0.0

	28
	28971
	64-QAM
	15
	0.67
	4.03
	13.9
	25.7
	1.5
	-1.5

	29
	28971
	64-QAM
	15
	0.67
	4.03
	13.9
	25.7
	3.0
	-3.0

	30
	28971
	64-QAM
	15
	0.67
	4.03
	13.9
	25.7
	4.5
	-4.5


Appendix: MCS table

This MCS table reflects the results of a battery of AWGN simulations using the HSPA turbo coding/decoding scheme.

Table 4: MCS table including 64QAM
	Symbol SNR
 [dB]
	Info Bits per Symbol

[b/sym]
	Coding Rate

	Modulation

	-11.5
	0.06
	0.03
	QPSK

	-10.5
	0.08
	0.04
	QPSK

	-9.5
	0.10
	0.05
	QPSK

	-8.5
	0.13
	0.06
	QPSK

	-7.5
	0.15
	0.08
	QPSK

	-6.5
	0.20
	0.10
	QPSK

	-5.5
	0.25
	0.13
	QPSK

	-4.5
	0.30
	0.15
	QPSK

	-3.5
	0.40
	0.20
	QPSK

	-2.5
	0.50
	0.25
	QPSK

	-1.5
	0.61
	0.30
	QPSK

	-0.5
	0.71
	0.36
	QPSK

	0.5
	0.88
	0.44
	QPSK

	1.5
	1.04
	0.52
	QPSK

	2.5
	1.20
	0.60
	QPSK

	3.5
	1.37
	0.34
	16-QAM

	4.5
	1.53
	0.38
	16-QAM

	5.5
	1.69
	0.42
	16-QAM

	6.5
	1.85
	0.46
	16-QAM

	7.5
	2.01
	0.50
	16-QAM

	8.5
	2.51
	0.63
	16-QAM

	9.5
	2.77
	0.69
	16-QAM

	10.5
	3.02
	0.75
	16-QAM

	11.5
	3.27
	0.82
	16-QAM

	12.5
	3.60
	0.60
	64-QAM

	13.5
	3.84
	0.64
	64-QAM

	14.5
	4.26
	0.71
	64-QAM

	15.5
	4.53
	0.76
	64-QAM

	16.5
	4.86
	0.81
	64-QAM

	17.5
	5.16
	0.86
	64-QAM

	18.5
	5.40
	0.90
	64-QAM

	19.5
	5.64
	0.94
	64-QAM

	20.5
	5.76
	0.96
	64-QAM

	21.5
	5.88
	0.98
	64-QAM

	22.5
	6.00
	1.00
	64-QAM



































