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1
Introduction

It has been agreed that the CQI report for MIMO system should have entries for both single and dual streaming. It has also been agreed that the same number of multi codes should be assumed for both streams while reporting the dual stream CQI. The CQI table from the Rel-5 specifications [2] can not be utilized for MIMO mode since the number of multi codes varies heavily between the consecutive CQI values. This contribution discusses a possible modified table for the MIMO CQI report.
2 CQI Table for MIMO System
The original CQI table for category 10 UE from [2] is depicted in Table 1. It has been agreed that UE should report the same number of multi codes for both streams in dual stream CQI. On the other hand, in order to adapt according to the quality difference between the primary and secondary streams there should be a sufficient number of CQI levels defined for a specific number of codes. This adaptation can not be done efficiently if Table 1 is used. For example, CQI number 26 specifies 12 codes, but CQI number 25 assumes 10 codes and CQI number 27 assumes 15 codes. Thus, both streams should report CQI number 26 if that number is close to the quality level of the received signal. There is no space for quality adaptation between the streams. Note that this is not a problem in Rel-5 or in the single stream case, where the CQI is more linearly scalable than in dual stream MIMO.
Table 2 depicts a proposed method for dual stream MIMO operation. In this table, the following modifications are made:

· Only a small subset from the total range of multi codes is used.

· A fixed number of multi codes is used for several CQIs. High data rates are favoured.

· Overlapping packet sizes for different number of multi codes are supported.

In the proposed table, the packet sizes for 15 multi codes can be smaller than for 12 multi codes. This setup increases flexibility to allow smaller number of multi codes to be selected for small reduction in the sum rate. Furthermore, some dynamic range is available for any number of multi codes in order to adapt the quality differences between the streams. Further details of the packet size are shown in Figure 1. Table 2 gives an illustration of a possible mapping table. The final parameters, like the allowed multi code numbers and coding rates can be refined further in future. For example, it might be preferable to increase the lowest code number to have finer granularity in the upper end.
Table 1. Original CQI Table from [2].

	CQI #
	Nbits
	Ncodes
	mod
	ECR
	CQI #
	Nbits
	Ncodes
	mod
	ECR

	1
	137
	1
	2
	0.14
	17
	4189
	5
	4
	0.44

	2
	173
	1
	2
	0.18
	18
	4664
	5
	4
	0.49

	3
	233
	1
	2
	0.24
	19
	5287
	5
	4
	0.55

	4
	317
	1
	2
	0.33
	20
	5887
	5
	4
	0.61

	5
	377
	1
	2
	0.39
	21
	6554
	5
	4
	0.68

	6
	461
	1
	2
	0.48
	22
	7168
	5
	4
	0.75

	7
	650
	2
	2
	0.34
	23
	9719
	7
	4
	0.72

	8
	792
	2
	2
	0.41
	24
	11418
	8
	4
	0.74

	9
	931
	2
	2
	0.48
	25
	14411
	10
	4
	0.75

	10
	1262
	3
	2
	0.44
	26
	17300
	12
	4
	0.75

	11
	1483
	3
	2
	0.51
	27
	21754
	15
	4
	0.76

	12
	1742
	3
	2
	0.60
	28
	23370
	15
	4
	0.81

	13
	2279
	4
	2
	0.59
	29
	24222
	15
	4
	0.84

	14
	2583
	4
	2
	0.67
	30
	25558
	15
	4
	0.89

	15
	3319
	5
	2
	0.69
	
	
	
	
	

	16
	3565
	5
	4
	0.37
	
	
	
	
	


Table 2. Proposed CQI table for dual stream MIMO.

	CQI #
	Nbits
	Ncodes
	mod
	ECR
	CQI #
	Nbits
	Ncodes
	mod
	ECR

	1
	1285
	4
	2
	0.33
	17
	3830
	12
	2
	0.33

	2
	1905
	4
	2
	0.50
	18
	5782
	12
	2
	0.50

	3
	2448
	4
	2
	0.64
	19
	7430
	12
	2
	0.64

	4
	3090
	4
	2
	0.80
	20
	9210
	12
	2
	0.80

	5
	3830
	4
	4
	0.50
	21
	11418
	12
	4
	0.50

	6
	4581
	4
	4
	0.60
	22
	13904
	12
	4
	0.60

	7
	5782
	4
	4
	0.75
	23
	17237
	12
	4
	0.75

	8
	6793
	4
	4
	0.88
	24
	20251
	12
	4
	0.88

	9
	2876
	9
	2
	0.33
	25
	4834
	15
	2
	0.34

	10
	4342
	9
	2
	0.50
	26
	7168
	15
	2
	0.50

	11
	5579
	9
	2
	0.65
	27
	9210
	15
	2
	0.64

	12
	6916
	9
	2
	0.80
	28
	11418
	15
	2
	0.79

	13
	8574
	9
	4
	0.50
	29
	14411
	15
	4
	0.50

	14
	10440
	9
	4
	0.60
	30
	17237
	15
	4
	0.60

	15
	12943
	9
	4
	0.75
	31
	21754
	15
	4
	0.76

	16
	15206
	9
	4
	0.88
	32
	25558
	15
	4
	0.89
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Figure 1. Packet sizes of the proposal.
3
Bit Mapping of the CQI Report
If the CQI report size consists of 10 bits, and 2 of those are reserved for the antenna weight information, then the remaining available space for the CQI information is 8 bits. These 8 bits consist of 2^8 = 256 possible entries. If 32 entries are reserved for the single stream case, the total number of entries for the dual stream report is 256-32 = 224, the same number as proposed in [1]. 

The number of entries for the proposed scheme equals to 4*(8*8) = 256, because the number of multicodes is a common parameter for both streams, and only the modulation order and the coding rate need to be stream dependent. The total number of 256 options is more than the allowed 224. A possible solution is to remove the lowest modulation and coding rate option (QPSK, 0.33-rate) for the primary stream, but to allow it for the secondary stream for any number of multi codes. Now the number of entries equals to 4*(7*8) = 224, which is the maximum allowed.

To simplify the reporting procedure, large look up tables could be avoided by mapping the CQI as shown in Figure 2. The modulation and coding rate fields can be mapped as shown in Table 3 for different number of multi codes. The number of multi codes contains only the entries needed for the subset in Table 2. If the modulation and coding rate number for the primary stream equals to ‘000’, then the rest of the bits (5 in total) define the single stream CQI. For single stream reporting, any 5 bit mapping can be used. For example, Rel-5 table is applicable.
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Figure 2. Proposed field mapping for CQI.

Table 3. Proposed bit mapping for modulation and coding rate.

	 
	Code number index

	Modulation and TrBlock size index
	1 ‘00’
	2 ‘01’
	3 ‘10’
	4 ‘11’

	
	Modulation
	Nbits
	Modulation
	Nbits
	Modulation
	Nbits
	Modulation
	Nbits

	01 ‘000’
	QPSK
	1285
	QPSK
	2876
	QPSK
	3830
	QPSK
	4834

	1 ‘001’
	QPSK
	1905
	QPSK
	4342
	QPSK
	5782
	QPSK
	7168

	2 ‘010’
	QPSK
	2448
	QPSK
	5579
	QPSK
	7430
	QPSK
	9210

	3 ‘011’
	QPSK
	3090
	QPSK
	6916
	QPSK
	9210
	QPSK
	11418

	4 ‘100’
	16QAM
	3830
	16QAM
	8574
	16QAM
	11418
	16QAM
	14411

	5 ‘101’
	16QAM
	4581
	16QAM
	10440
	16QAM
	13904
	16QAM
	17237

	6 ‘110’
	16QAM
	5782
	16QAM
	12943
	16QAM
	17237
	16QAM
	21754

	7 ‘111’
	16QAM
	6793
	16QAM
	15206
	16QAM
	20251
	16QAM
	25558

	Note 1: When Modulation and TrBlock size index equals 0 for the primary stream CQI, the secondary stream modulation and TrBlock size index together with the code number index are interpreted as single 5 bit value addressing the single stream CQI.

	


4
Simulation Results

Different modulation orders and coding rates were simulated in an AWGN channel in order to study the performance differences between the proposed CQIs. The results are shown in Figure 3. The simulations were carried out by assuming 5 multi codes. A higher number of codes lead to a higher code block segmentation, and therefore it could degrade the packet error rate (PER) performance. It can be observed that, roughly, 2 dB differences exist in the AWGN channel. By increasing the granularity of the CQI report, it is possible to cover larger ranges with fewer levels. In [1] it was also discussed that if the CQI report granularity is larger than 1 dB, then it does not degrade significantly the MIMO performance.

Figure 4 depicts the link level simulation results for Pedestrian A (PA) and Vehicular A (VA) channel models. The results are obtained utilizing a linear receiver. The use of a non-linear receiver would most probably increase the probability of dual streaming. Therefore, it would be important to have flexibility from mid-range to high-range data rates. The proposed scheme achieves this by allowing overlapping packet sizes and multi code combinations. 
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Figure 3. AWGN performance of different modulation and coding rates.
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Figure 4. Link level performance.
5
Conclusion
It was agreed that the same number of multi codes should be allocated for both streams while reporting the dual stream CQI. The assumed symmetric code allocation requires that the CQI report structure for MIMO transmission is defined differently than in Rel-5. The use of several consecutive CQI levels with the same number of codes causes large changes in the number of multi codes, unless overlapping packet sizes are allowed. This is the basis for the proposed MIMO CQI report.
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Physical Layer Procedures
Packet sizes as a function of CQI index
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