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1. Introduction

In RAN1#46bis meeting in Seoul, the maximum number of codewords for downlink MIMO was decided to be two for one UE. Therefore, the amount of increase of reported CQI in MIMO could be doubled; it might be all the more serious as the number of reported frequency bands increase. In this contribution, we discuss the 2nd codeword’s CQI reduction especially in frequency domain.
2. CQI overhead increase in MIMO
As the additional spatial domain is increased in MIMO, the possible number of codeword could be doubled so that the required number of CQI also might be two-folded. In order to reduce this CQI overhead increase, delta CQI method has been introduced in several documents [1][2][3][4]. However these delta CQI methods are considered only at the specific frequency band not the several frequency bands. In this contribution, first we will evaluate the frequency domain channel characteristic of the 2nd codeword, and then the CQI overhead reduction scheme based on the characteristic will be investigated.

3. Characteristic of delta CQI in frequency domain

In general, the frequency selectivity of the channel is greatly influenced by the particular multi-path profile of channel; the coherence bandwidth is introduced to indicate the degree to which the channel shows the similar characteristic. Therefore if the channel bandwidth is larger than the coherence bandwidth, as is often the case, the CQIs would be varied according to the channel. 

However, the case could be different in the delta CQI(△CQI). The CQI difference between two codewords could reflect the comprehensive effect of both signal and interference between multiple ports. Therefore, even if the first codeword’s CQIs show wide variety in the frequency bands, the second codeword’s CQIs could be highly correlated with the first codeword’s CQI so that their CQI difference could be relatively stable in the frequency bands. It leads to the possibility to introduce the 2nd codeword’s CQI overhead reduction method in the frequency domain.

The CQI difference between two codewords in the i-th CQI-band can be defined in equation (1) below and Figure 1.
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<Figure 1. The CQI difference in two codewords>
4. Application of delta CQI in space and frequency domain
When it comes to applying the delta CQI in both space and frequency domain, there might be lots of possible combinations. Here we briefly discuss the several simple cases; full CQI(No △CQI), full spatial △CQI, and spatial △CQI fixed in frequency domain. The cases are illustrated in Figure 2 below. 
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<Figure2. Application of delta CQI in space and frequency domain >
In Figure2 (a), the full CQI method means the exact CQI of CQI-band in each codeword is reported. In Figure2 (b), the full spatial △CQI indicates the △CQI is introduced in only space domain. In Figure2 (c), the spatial △CQI fixed in frequency domain is the extreme case which gives the largest reduction of the CQI overheads. It applies the fixed spatial △CQI in the all the frequency bands.

In addition, amount of overhead reduction is calculated in Table 1 below. Here M is the number of total CQI-bands, 
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is the number of bits to represent the full CQI in CQI-band, and △CQI is assumed to be quantized to 
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 bits. For example, if the CQI-band spans 3 RBs, system bandwidth is 5 MHz, the full CQI is represented to 5 bits, and △CQI is quantized to 2 bits, then its required number of bits are 80 bits(=8*5*2) for the full CQI trasnsmission, 56 bits(=8*5+8*2) for full spatial △CQI, and 42 bits(=8*5+2) for spatial △CQI fixed in the frequency domain. Approximately, the CQI overhead is reduced to 70% and 52.5%, respectively.
Table 1. Overhead reduction in △CQI methods

	△CQI Methods
	Number of required bit

	Full CQI
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	Full spatial △CQI
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	Spatial △CQI fixed in the freq domain
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5. Performance of delta CQI in space and frequency domain

We evaluate the performance of the cases in Figrue2. General simulation assumptions are summarized in Table A.1 in appendix. We assume 
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 is 2 bits(4 levels) which corresponds to [4 2 0 -2]. The detailed specific simulation environment is summarized in Table 2.

Table 2. △CQI specific simulation assumptions

	CQI transmission methods
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	Full CQI
	No △

	Full spatial △CQI
	2 bits

(4 levels)
	[4,2,0,-2] CQI step

	Spatial △CQI fixed in the freq
	
	


The performance of 
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CQI in space and frequency domain is shown in Figure 3. The whole 5 MHz bandwidth is divided into 4/8 CQI-bands which each CQI-band spans 6 RBs(≈1.25MHz)/3 RBs(≈0.625 MHz), respectively. The single user throughput is measured at the 2nd best CQI-band which occupies 3 or 6 RBs.
As an example, in the Figures 3 (b), introduction of the full spatial 
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CQI deteriorates the performance by 3.26% compared with full CQI case, while the application of the spatial
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CQI fixed in the frequency domain makes the performance loss by 8.36% compared with full CQI case. However, it should be noted that the loss is the worst case because the loss occurs only when the reported the best CQI-band is not scheduled; it means its loss depends on the scheduling algorithm. If during 50% of time the reported CQI-bands are scheduled, its loss would be half; from 8.36% to 4.18%.
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(a) TU, MMSE, 2nd Best CQI-band (6 RBs)     (b) TU,SIC, 2nd Best CQI-band (6 RBs)
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(c) TU, MMSE, 2nd Best CQI-band (3 RBs)      (d) TU, SIC, 2nd Best CQI-band (3 RBs)

<Figure 3. The single user throughput in both 3RB and 6RB CQI-band>
6. Conclusions
In this contribution, we investigate the application 
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CQI in both space and frequency domain, and feasibility of further reduction by using fixed 
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CQI into all frequencies. The introduction of the 
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CQI would decrease greatly the overhead of UL control signal even though it leads to some loss in the performance. Its trade-off relation should be considered carefully and studied further.
7. References

[1] R1-070133,” MIMO System Performance with variable frequency granularity of UE feedback,” Samsung

[2] R1-070273, “Views on MIMO-related UE feedback,” Texas Instruments.

[3] R1-070435, “UE feedback for DL MIMO,” Qualcomm Europe.

[4] R1-070916, “Investigation on the reduction of CQI overhead for DL MIMO,” LG Electronics

[5] 3GPP TR25.814 v7.1.0, Physical Layer Aspects for Evolved UTRA.
8. Appendix
Table A.1. General Simulation assumptions

	OFDM
	Bandwidth
	5 MHz

	
	FFT size
	512

	
	Active sub-carrier
	300

	
	CP
	Short

	
	Other parameters
	Based on [5]

	Channel
	Model
	TU

	
	Mobile speed
	3 Km/h

	Antenna
	Configuration
	4X4

	
	Correlation
	None

	Transmission
	MCS levels
	QPSK: 0.33, 0.42, 0.51, 0.61, 0.71

16QAM: 0.41, 0.48, 0.55, 0.63, 0.70, 0.78

64QAM: 0.56, 0.62, 0.68, 0.74, 0.80

	
	HARQ
	Chase

	
	Max # of Tx
	4

	CQI
	CQI-band span
	6RBs / 3RBs

	
	Number of CQI-bands
	4 / 8

	
	CQI-band Selection Method
	Best-2

	Feedback
	CQI delay
	4 subframes

	
	AckNack delay
	4 subframes

	Reception
	Channel estimation
	Perfect

	
	Type
	MMSE / SIC
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