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1. Introduction

In the last #51 meeting in Jeju, some progress was made about CQI in single Tx and TxD [1]. The discussion in the last meeting focused only on the structure of CQI reporting especially for SIMO while the detailed number of bits for CQI and additional topics for MIMO has not been discussed. Among the remaining issues, the differential representation of CQI in frequency and/or space domain will be investigated in this document. Several possible delta CQI schemes will be evaluated by the system level simulation, and appropriate ranges of bit for delta CQI scheme will be also studied. 

2. CQI table construction
According to the agreement in the last meeting, the details of CQI table has been filled by the result of e-mail discussion. Main topic of e-mail discussion was about number of bits for CQI base table: 4 or 5 bits. Even though the formal decision was not made, most of companies seem to agree 4 bits. To check the temporary decision, we investigate the performance difference between 4 and 5 bits CQI table.
The CQI tables used in the simulation are based on the e-mail discussion; 4 bit CQI table spans the range from -7dB to 19.488dB by the granularity of 1.892dB, while 5 bit CQI table spans the range from -10dB to 20dB by the granularity of 1dB. Simulations are represented by spectral efficiency and other detailed simulation environments are presented in Appendix. 
Table1. Performance comparison between 4 bit and 5 bit CQI table

	Spectral Efficiency[bps/Hz]
	SIMO(1X2)
	MIMO

	
	
	MIMO(2X2)
	MIMO(4X2)

	4bit CQI table
	1.656 [bps/Hz]
	1.853 [bps/Hz]
	2.054 [bps/Hz]

	5bit CQI table
	1.661 [bps/Hz]
	1.854 [bps/Hz]
	2.079 [bps/Hz]


Table 1 shows that there is no meaningful difference in performance between 4 bit and 5 bit CQI table. Therefore, 4 bit CQI table seems to be reasonable, taking into consideration the overhead of CQI reporting especially on PUCCH.
3. Frequency selective CQI on PUSCH
Up to now, frequency selective CQI on PUSCH was agreed to be constructed by two types: wideband CQI and subband CQI. The subband CQI was agreed to be encoded differential using 3 bits relative to wideband CQI in both UE-selected subbands feedback and NodeB configured subbands feedback. The relationship between two CQI values is shown in Figure1 below. Hereinafter, the differential encoding scheme for frequency selective CQI is called frequency ∆(delta) in subband and denoted by ∆freq. In Figure1, CQIwide means wideband CQI and CQIsub represents subband CQI.
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Figure1. frequency ∆ in subband

Even though the number of bits for frequency ∆ in subband was agreed to be 3, there has been the discussion about more compression of freq ∆: from 3bits to 2bits. To facilitate the discussion to move forward, the performance is evaluated between 2bit frequency ∆ and 3bit frequency ∆. Given fixed number of bits for ∆, the ∆ levels may spans the wide variety of range. For example, the range of 2bit ∆ could vary i.e. [-2, -1, 0, 1] or [-1, 0, 1, 2]. The range used in the simulation is summarized in Table 2.
Table2. freq ∆ levels according to the number of bits

	# of bits for freq ∆
	# of levels
	freq∆ levels

	
	
	Non-negative freq∆
	Balanced freq ∆

	2bit freq ∆ in subband
	4 levels
	[0 1 2 3]
	[-1 0 1 2]

	3bit freq ∆ in subband
	5 levels
	[0 1 2 3 4]
	[-2 -1 0 1 2]

	
	8 levles
	[0 1 2 3 4 5 6 7]
	[-3 -2 -1 0 1 2 3 4]


The simulation results are performed in both schemes: UE-selected subbands feedback and NodeB configured subbands feedback schemes. In addition, simulations are extensively done in various bandwidth: from 1.25MHz to 10MHz and respectively in two types of channel: ETU and EPA. Other simulation parameters are presented in Appendix. 

Figure2 shows the system level simulation results according to the freq ∆ in Table2. In NodeB configured feedback scheme, balanced freq ∆ shows the better performance than non-negative freq ∆ in given levels and 2 bit seems suitable for balanced freq ∆ within 1% loss. In UE selected feedback scheme, non-negative freq ∆ is right choice and 2 bit is sufficient within 0.5% loss. That is because the CQI of selected best-M bands must be larger than the average value of CQIs so that the ∆ value should be non-negative.
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Figure 2-A. Performance of freq ∆ in subband: NodeB configured feedback
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Figure 2-B. Performance of freq ∆ in subband: UE selected feedback
4. Spatial domain compression of MIMO CQI
SU-MIMO in LTE supports 2 CQIs for 2 codewords so that the overhead of CQI is two-folded. In order to alleviate the overehaed, differential method in spatial domain has been proposed by several companies [2][3][4]. Hereinafter, the differential encoding scheme for 2nd codeword CQI is called spatial ∆(delta) and denoted by ∆spatial. Generally, spatial ∆ for MIMO can be applied to both wideband and subband CQI, which is illustrated in Figure3. In Figure3, 
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Figure3. spatial ∆ for 2nd codeword in SU-MIMO
From e-mail discussion, the possible number of bits for spatial Δ is 2 or 3 so that the performance was evaluated by system level simulation. Given fixed number of bits for spatial ∆, the ∆ levels may spans the several ranges. Here, we assumes balanced ranges as much as possible, which are shown in Table 3.

Table3. spatial ∆ levels according to the number of bits

	# of bits for spatial ∆
	# of levels
	spatial ∆ levels

	
	
	Less balanced spatial ∆
	Balanced spatial ∆

	2bit spatial Δ
	4 levels
	[0 1 2 3]
	[-1 0 1 2]

	2bit spatial Δ
	5 levels
	[-1 0 1 2 3]
	[-2 -1 0 1 2]

	
	8 levles
	[-2 -1 0 1 2 3 4 5]
	[-3 -2 -1 0 1 2 3 4]


The simulation are performed in both wideband CQI and subband CQI schemes. In subbnad CQI schemes, both UE-selected subbands feedback and NodeB configured subbands feedback methods are evaluated. schemes. Channel environments include ETU and EPA in bandwidth from 2.5MHz to 10MHz. Other simulation parameters are listed in Appendix. 

Figure4 shows the system level simulation results according to the freq ∆ in Table3. In Figure4, we can observe that more than 5 levels are required to keep the performance loss less than 5% and balance spatial Δ shows better performance than the less balanced spatial Δ. Taking into consideration all cases including wideband CQI, NodeB configured subband CQI and UE selected subband CQIs, balanced 5 level(3 bits) spatial Δ seems to be a suitable choice for 2nd codeword CQI. 
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Figure 4-A. Performance of spatial ∆ of wideband CQI
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Figure 4-B. Performance of spatial ∆ of subband CQI in NodeB configured feedback
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Figure 4-C. Performance of spatial ∆ of subband CQI in UE selected feedback
5. Frequency selective MIMO CQI on PUSCH
The performance of spatial Δ itself is evaluated in the last section. In this section combined form of frequency selective CQI scheme and MIMO CQI scheme will be studied. Given the frequency selective CQI scheme on PUSCH, there are two possibilities to apply spatial Δ MIMO CQI, which is depicted in Figure 5.

Type1 applies spatial Δ CQI independently irrespective of frequency Δ, while Type2 uses spatial Δ first then applies freq Δ. Since spatial Δ needs 3bits while frequency Δ requires 2bits for marginal performance loss, Type2 gives much more compression of overhead than Type1. On top of that, in Type2, 2nd codeword CQI can be considered same structure as 1st codeword scheme except only spatial Δ. Taking into consideration both performance and overhead, Type2 seems to be appropriate choice for frequency selective MIMO CQI.
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Figure5. Hybrid of frequency & spatial ∆ for SU-MIMO
Since 2 bit balanced freq ∆ shows less than 1% performance loss, we can assume frequency Δ is fixed as 2 bits while spatial Δ still have freedom to vary in number of bits and Δ range. It should be noted that 2 bit frequency Δ range is assumed to be chosen to achieve best performance according to the subband CQI schemes: [-1 0 1 2] for NodeB configured feedback and [0 1 2 3] for UE configured feedback. In addition, Type2 seems a reasonable method for hybrid spatial & freq Δ scheme. Therefore, in Type2, assuming 2bits for frequency Δ, system level performance is evaluated according to the number of bits for spatial Δ: 2 or 3. The assumed range of spatial Δ is illustrated in Table 4.
Table4. spatial ∆ levels in Type 2: Hybrid of spatial & freq Δ
	freq ∆
	spatial ∆

	
	# of bits
	# of levels
	spatial ∆ levels

	
	
	
	Less balanced spatial ∆
	Balanced spatial ∆

	2bit(4 levels) 
[-1 0 1 2]

or [0 1 2 3]
	2bits
	4 levels
	[0 1 2 3]
	[-1 0 1 2]

	
	3bits
	5 levels
	[-1 0 1 2 3], [0 1 2 3 4]
	[-2 -1 0 1 2]

	
	
	8 levles
	[0 1 2 3 4 5 6 7]
	[-3 -2 -1 0 1 2 3 4]


The simulation results are performed in both NodeB configured subbands feedback and UE-selected subband feedback method. Channel environments include ETU and EPA with bandwidth from 1.25MHz to 10MHz. Other simulation parameters are listed in Appendix. 

Figure5 shows the system level simulation results according to the freq ∆ in Table4. In Figure5, it can be observed that more than 5 levels are required to keep the performance loss less than 2% and balanced spatial Δ shows better performance than the less balanced spatial Δ. Taking into consideration performance loss and overhead, 4 levels of freq Δ and balanced 5 levels of spatial Δ seems to be a good choice for Hybrid spatial & freq scheme. 
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Figure 5-A. Performance of spatial&freq ∆ in NodeB configured feedback
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Figure 5-B. Performance of spatial&freq ∆ in UE selected feedback
6. Conclusion
In this contribution, the ∆ CQI in frequency and/or space domain was investigated. Based on the simulation results our observation can be summarized below. For base CQI, 4 bit is sufficient. In freq ∆, 2bit with 4 levels shows less than 1% performance loss compared with no ∆ compression. To be more specific, [-1 0 1 2] for NodeB configured feedback and [0 1 2 3] for UE selected feedback gives the best performance given 2 bits. In spatial ∆, more than 5 balanced levels i.e. [-2 -1 0 1 2] shows less than 5% performance loss. If we assume 3 bit is fully used, balanced 8 levels i.e. [-3 -2 -1 0 1 2 3 4] should be best choice which gives less than 2% loss. On the other hand, Type 2 gives more overhead reduction among hybrid types of freq ∆ and spatial ∆ methods. However, special care should be taken in the fact that the delta levels could be further optimized, for example, in large delay or SIC receiver case.
In summary, our slight preferred choices can be summarized as follows.
· Base CQI: 4 bits
· Freq ∆: 2 bits ([-1 0 1 2] for NodeB configured feedback, [0 1 2 3] for UE selected feedback)
· Spatial ∆: 3bits ([-2 -1 0 1 2] for 5 balanced levels, or [-3 -2 -1 0 1 2 3 4] for 8 balanced levels)
· Hybrid structure of spatial & freq ∆ method: 
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A. Appendix: System level simulation parameters
In this appendix, various parameters used in the system level simulation are listed in the Table A-1.. 

<Table A-1. Simulation assumptions>
	Parameter
	Assumption

	System Bandwidth
	10 MHz, 5MHz, 2.5MHz, 1.25MHz

	TTI Length
	1 msec

	FFT size
	1024

	Sampling Frequency
	15.36 MHz

	Occupied Number of Sub-Carriers
	600

	Cell Layout
	Hexagonal Grid, 19 eNode B sites

3 Cells per Site

Center Site Simulation

	Number of UE per Cell
	10

	Inter-Site Distance
	1732 m

	Antenna Pattern
	70 degree sectored beam

	Distance dependent path loss
	128.1 + 37.6 log10( r ), where r is distance

	eNode B transmission Power
	43 dBm

	Traffic Model
	Full Buffered

	Receiver Antenna Gain
	0 dB

	eNode B Antenna Gain
	14 dBi

	Shadowing standard deviation
	8 dB

	Noise Figure
	9 dB

	Thermal Noise Density
	-174 dBm

	Multi-path delay Profile
	LTE_ETU/EPA/EVA

	Antenna Configuration
	SIMO(1x2) and MIMO(2x2)

	Frequency Reuse
	1

	HARQ type
	Asynchronous IR

	Channel Propagation and Process delay
	3 msec

	Mobile Speed
	3 km/h
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