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1
Introduction
In the 3GPP RAN1 #51 meeting [1], 32-entry base CQI table with 1dB granularity was agreed upon to support DL adaptive modulation and coding. However, during the email discussion [2] between RAN1 #51 and RAN1 51bis meeting, a potential replacement of the 32-entry base CQI table by the 16-entry base CQI table with 1.892dB granularity was discussed to further reduce the uplink feedback overhead.  
In this document, we evaluate the 16-entry (4-bit) table and 32-entry (5-bit) table to investigate the DL throughput performance differences for SIMO and MIMO transmissions. As UE needs to report the spatial delta CQI for the 2nd codeword on top of the base CQI for the 1st codeword in the MIMO transmission, we also need to determine the number of entries (or bitwidth) for the delta CQI to complete the CQI table design. Thus, we investigate the performance differences in the 2x2 and 4x2 MIMO transmissions between 8-entry delta CQI table (around 3 bits, 1dB granularity) with the 32-entry  base CQI table and 3-entry delta CQI table (around 2 bits, 1.892dB granularity) with the 16-entry base CQI table.

2
Simulation Set-up
Table 1 describes the numerology and the resource allocation for the link throughput simulation. Transmitter, channel, and receiver configurations are as follows:

· 1x2 SIMO, 2x2 large-delay CDD precoding, 4x2 large-delay CDD precoding

· Common RS structures in [5]

· Common RS and PDSCH have the same energy per tone per antenna for the full rank data transmission, and the total energy allocated to data tones is evenly divided and allocated only to the active (virtual) antennas for the lower rank transmission 
· Bandlimited white interference and noise

· 5MHz BW – 1x2 TU, 2x2 TU, 4x2 SCM-B channel [6] – 3kmph

· Channel estimator filter length – 1ms
· Feedback delay for CQI, PMI, and RI – 3ms
· Generation of CQI, PMI, and RI – Modulation order constrained (up to 64QAM) capacity formula based effective SINR method averaging the MMSE (or MMSE-SIC) output SINR of individual tones. Quantized according to Tables 2-3.
· Maximum number of retransmissions – 4 (including the first transmission)

· Adaptive H-ARQ BLER control – 10% BLER target after the first transmission 

· Signal detection – LMMSE, MMSE-SIC
· Sub-band scheduling: 5 sub-bands assumed in 5MHz system BW, each of which having 5 RBs (i.e., 900 kHz BW)
· Data transmission bandwidth and number of data symbols – 5 RBs, 11 OFDM symbols (4th – 14th symbols) per subframe

Table 2 describes the 5-bit base CQI reporting table, which is composed of 32 levels. We assumed that the same table is used at the eNode B transmitter as the MCS table in order to apply adaptive modulation and coding to each layer in the case of 5-bit CQI reporting. For the delta CQI for the 2nd codeword in the MIMO transmission, we used one of 8 non-negative levels ranging from 0 to 7 to represent the index offset relative to the CQI table index of the 1st codeword.
Table 3 describes the 4-bit base CQI reporting table, which is composed of 16 entries. We interpolated the CQI table to generate the 32-entry MCS table (Table 4) used at the eNode B transmitter in order to apply adaptive modulation and coding to each layer in the case of 4-bit CQI reporting. For the delta CQI for the 2nd codeword in the MIMO transmission, we used one of 3 non-negative levels ranging from 0 to 2 to represent the index offset relative to the CQI table index of the 1st codeword.
	Slot duration
	0.5 ms

	Subframe duration
	1 ms

	Symbols / Subframe
	14

	FFT size
	512

	Tone spacing
	15 KHz

	RS Allocation
	See TS 36.211. [5]

	Data Allocation
	5RBs

	Sub-band size (CQI reporting unit)
	900 kHz (5 RBs)

	RB size
	180 kHz (12 tones)


Table 1
Evaluation Numerology
	CQI index / MCS index
	Modulation
	Efficiency

	0
	Out-of-range

	1
	QPSK
	0.0800

	2
	QPSK
	0.1035

	3
	QPSK
	0.1230

	4
	QPSK
	0.1523

	5
	QPSK
	0.1895

	6
	QPSK
	0.2441

	7
	QPSK
	0.3145

	8
	QPSK
	0.4063

	9
	QPSK
	0.5156

	10
	QPSK
	0.6445

	11
	QPSK
	0.7891

	12
	QPSK
	0.9453

	13
	QPSK
	1.1113

	14
	QPSK
	1.2793

	15
	16QAM
	1.3398

	16
	16QAM
	1.5898

	17
	16QAM
	1.8359

	18
	16QAM
	2.0859

	19
	16QAM
	2.3398

	20
	16QAM
	2.6016

	21
	64QAM
	2.6660

	22
	64QAM
	2.9590

	23
	64QAM
	3.2578

	24
	64QAM
	3.5684

	25
	64QAM
	3.9023

	26
	64QAM
	4.2422

	27
	64QAM
	4.5820

	28
	64QAM
	4.9043

	29
	64QAM
	5.1973

	30
	64QAM
	5.4199

	31
	64QAM
	5.5547


Table 2
5-bit CQI table
	CQI index
	modulation
	Efficiency

	0
	Out-of-range

	1
	QPSK
	0.1523

	2
	QPSK
	0.2344

	3
	QPSK
	0.3770

	4
	QPSK
	0.6016

	5
	QPSK
	0.8770

	6
	QPSK
	1.1758

	7
	16QAM
	1.4766

	8
	16QAM
	1.9141

	9
	16QAM
	2.4063

	10
	64QAM
	2.7305

	11
	64QAM
	3.3223

	12
	64QAM
	3.9023

	13
	64QAM
	4.5234

	14
	64QAM
	5.1152

	15
	64QAM
	5.5547


Table 3
4-bit CQI table
	MCS index
	Modulation
	Efficiency

	0
	Out-of-range

	1
	QPSK
	0.1523

	2
	QPSK
	0.1893

	3
	QPSK
	0.2344

	4
	QPSK
	0.2939

	5
	QPSK
	0.3770

	6
	QPSK
	0.4797

	7
	QPSK
	0.6016

	8
	QPSK
	0.7352

	9
	QPSK
	0.8770

	10
	QPSK
	1.0243

	11
	QPSK
	1.1758

	12
	QPSK
	1.3299

	15
	16QAM
	1.4766 

	16
	16QAM
	1.6963

	17
	16QAM
	1.9141

	18
	16QAM
	2.1547

	19
	16QAM
	2.4063

	20
	16QAM
	2.6509

	21
	64QAM
	2.7305

	22
	64QAM
	3.0285

	23
	64QAM
	3.3223

	24
	64QAM
	3.6097

	25
	64QAM
	3.9023

	26
	64QAM
	4.2061

	27
	64QAM
	4.5234

	28
	64QAM
	4.8358

	29
	64QAM
	5.1152

	30
	64QAM
	5.3541

	31
	64QAM
	5.5547


Table 4
Interpolated 5-bit MCS table corresponding to 4-bit CQI table
3. Simulation Results
Figure 1 compares the link throughput performance of 4-bit CQI table and the 5-bit CQI table, which shows there is no meaningful performance loss by adopting the 4-bit CQI instead of 5-bit CQI.
[image: image1.emf]1x2 TU, 3kph, 3ms delay, 5RB, LMMSE, 1dB vs. 1.892dB CQI 
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Figure 1
Comparison between 4-bit CQI table and 5-bit CQI table for SIMO
Figures 2-3 respectively compare the link throughput performances between “4-bit (16 level) CQI for CW1 + 2-bit (3-level) delta CQI for CW2” and “5-bit (32 level) CQI for CW1 + 3-bit (8-level) delta CQI for CW2” for MMSE-SIC and LMMSE receivers, which also show there is no meaningful performance loss by adopting the “4-bit+2-bit” instead of “5-bit CQI+3-bit”. Furthermore, the losses relative to “4-bit + 4-bit” and “5-bit + 5-bit” full CQI report are also minimal. 

[image: image2.emf]2x2 TU, 3kph, 3ms delay, 5RB, 3PC&CDD, LMMSE-SIC, 1dB vs. 1.892dB 
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Figure 2
Comparison between 4-bit + 2-bit CQI and 5-bit + 3-bit CQI for 2x2 MIMO with MMSE-SIC
[image: image3.emf]2x2 TU, 3kph, 3ms delay, 5RB, 3PC&CDD, LMMSE, 1dB vs. 1.892dB 
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Figure 3
Comparison between 4-bit + 2-bit CQI and 5-bit + 3-bit CQI for 2x2 MIMO with Linear MMSE
In the same way, Figures 4-5 show the same comparisons for 4x2 MIMO, which also show there is no meaningful performance loss by adopting the “4-bit+2-bit” instead of “5-bit CQI+3-bit” in both MMSE-SIC and linear MMSE receivers. Furthermore, the losses relative to “4-bit + 4-bit” and “5-bit + 5-bit” full CQI report are also minimal. 

[image: image4.emf]4x2 SCM-B, 3kph, 3ms delay, 5RB, 16HH&CDD, LMMSE-SIC,1dB vs. 
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Figure 4
Comparison between 4-bit + 2-bit CQI and 5-bit + 3-bit CQI for 4x2 MIMO with MMSE-SIC
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Figure 5
Comparison between 4-bit + 2-bit CQI and 5-bit + 3-bit CQI for 4x2 MIMO with Linear MMSE
Based on the simulation results above for the SIMO and large delay CDD precoding, we recommend using 4-bit (16-entry) base CQI for SIMO and 4-bit (16-entry) base CQI plus 2-bit (around 4-entry) spatial delta CQI for large delay CDD precoding.
4. Conclusions

In this document, we compared the DL throughput performance between 4-bit base CQI and 5-bit base CQI for SIMO. Simulation results show a minimal performance degradation of the 4-bit base CQI with respect to the 5-bit base CQI, thus we recommend using the 4-bit base CQI table.

We also compared “5-bit base CQI + 3-bit delta CQI with 1dB granularity” and “4-bit base CQI + 2-bit delta CQI with 1.892dB granularity” for the large delay CDD precoding in 2x2 and 4x2 multiple antenna configurations. For both LMMSE and MMSE-SIC receiver architectures, simulation results show a minimal performance degradation of the “4+2” with respect to “5+3” (and “4+4” and “5+5”). Thus, we recommend using the 4-bit base CQI and 2-bit spatial delta CQI for large delay CDD precoding. 
On the other hand, in the RAN1 email reflector discussion [2], we agreed upon using a single MIMO CQI reporting format that works well for every mode (zero, small, large delay CDD). As the number of delta CQI fields for large delay CDD is smaller than that of zero/small delay CDD, we need to introduce reserve fields in the designed CQI codewords for the large-delay CDD mode operation, which can be utilized by the eNode B receiver to improve the CQI decoding performance. 
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