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Introduction

Various CQI reporting schemes have been proposed at the previous RAN1 meetings [1] – [6]. In this document, we present the performance of several alternative schemes based on the differential encoded reporting. 
 General reporting schemes 
Currently the TR25.814 includes the following candidates for the CQI compression scheme as examples.

· Only feedback information from the top M strongest CQI bands

· Differential feedback information in time or frequency 

· Bitmap techniques indicating which bands reflect a reported CQI value

· Hierarchical Tree structure based approaches

· Using a set of (orthogonal) functions to approximate frequency selective fading profile (e.g. DCT)
The summary table on the number of required bits for each scheme is referred from [2]-[6] below. In the table, Nrb, M, L and D denote the number of RB, the number of reported RB, the number of reported coefficients and the number of bits representing DC component of the DCT output, respectively. For the calculation of practical number, we assume that M = 5, L =5 and D =5 following the other companies’ assumptions.
Table1 Number of required bits for various CQI reporting schemes
	Schemes
	General Expression
	5 MHz
	10 MHz
	20 MHz

	All RB
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	Individual CQI reporting for Top-M RB [1]
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	Average CQI reporting for Top-M RB [1]
	
[image: image3.wmf]5

log

5

2

+

÷

÷

ø

ö

ç

ç

è

æ

+

M

N

rb


	20
	26
	31

	DCT lowest L [2]
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	Hierarchical structure [2]
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	Differential reporting [3]
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 Reporting schemes with differential information
As can be seen from the table 1, differential feedback information is one of the strongest candidates to reduce the overhead for CQI reporting. However, practical usage of the differential information is not well investigated. For example, there are two dimensions to derive the differential information, i.e. time domain and frequency domain. Therefore, in this section, we discuss detail reporting schemes utilizing the differential feedback information. The following 6 reporting schemes are explained below. 
· Alternative1: Frequency domain differential information + Absolute information
· Alternative2: Time domain differential information + Absolute information
· Alternative3: Time domain differential information + Rough absolute information
· Alternative4: Time domain differential information + Frequency domain differential information
· Alternative5: Dynamic use of Time domain differential information and Rough absolute information
· Alternative6: Dynamic use of Time domain and Frequency domain differential information
In the following explanation, we assume 1bit for the differential CQI information, 5bits for the full absolute CQI information and 2bits for rough absolute CQI information in the calculation of the number of required bits for signalling. Here, rough absolute CQI information represents the group id whose group consists of several absolute CQIs. For example if we have 32 CQI values, then we can represent 2 bits rough absolute CQI information as follows:

4 groups are defined:
Group 0:  0, 1, …, 7  
Group 1:  8, 9, …, 15 
Group 2: 16, 17, …, 23 
Group 3: 24, 25, …, 31

If the rough absolute CQI information ‘2’ is received at the base station, the scheduler recognizes as CQI value =‘20’ for full absolute CQI information. ‘20’ was taken as the medium value of group 2.
Alternative1: Frequency domain differential information + Absolute information
In this alternative, the differential information is derived from the comparison between the CQI values for the neighboring RBs in frequency domain. As a reference, one absolute CQI value has to be reported in every reporting set. Here, such a RB is referred as the reference RB and RB# of the reference RB is described as 
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. The Relative CQI value for the RB# k and TTI# n is derived as follows;
When 
[image: image8.wmf]0

k

k

<


if 
[image: image9.wmf](

)

(

)

n

k

I

CQ

n

k

CQI

,

1

,

+

¢

³



[image: image10.wmf](

)

1

=

k,n

QI

Relative_C


else:

[image: image11.wmf](

)

0

=

k,n

QI

Relative_C


When 
[image: image12.wmf]0

k

k

>


if 
[image: image13.wmf](

)

(

)

n

k

I

CQ

n

k

CQI

,

1

,

-

¢

³



[image: image14.wmf](

)

1

,

_

=

n

k

CQI

Relative


else:    

[image: image15.wmf](

)

0

,

_

=

n

k

CQI

Relative


When 
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Please, note that 
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 is the CQI value re-calculated from the absolute CQI value and the relative CQI value(s) at the UE and similar manner at the eNodeB. At the eNodeB scheduler, all the CQI values are reconstructed starting at 
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where 
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 represents a step size.
When the reconstructed value
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 is larger than Maximum CQI value or smaller than Minimum CQI value, the calculated value is replaced by Maximum CQI value or Minimum CQI value respectively.

Figure 1 shows the example of this CQI reporting scheme and the signaling format. In this example, the reference RB 
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 cycles through all the RBs in order to give fair accuracy to all of them.
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Figure 1: (a) CQI reporting scheme, (b) Example of signaling format
With this reporting scheme, the total number of bits for one CQI reporting set is 53 bits (Absolute CQI:4bits+Differntail Info.49bits) in case of 10MHz system bandwidth.
Moreover, this scheme can use several step size where UE selects the step size which can minimize the difference between 
[image: image25.wmf])

,

(

n

k

CQI

 and 
[image: image26.wmf])

,

(

n

k

I

CQ

¢

. The index of step size is also transmitted which is taken from a table shared by the UE and the eNodeB. For example if the number of step size is 2, only 1 extra bit is needed to be signalled.
Alternative2: Time domain differential information + Absolute information
In this alternative, the differential information is derived from the comparison between the consecutive two CQI values in time domain. Also a reference absolute CQI value has to be reported in every reporting set at 
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Please, note that 
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 is the CQI value re-calculated from the absolute CQI value and the relative CQI value(s) at the UE and similar manner at the eNodeB.

At the eNodeB scheduler, all the CQI values are reconstructed as follows: 
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represents a step size.

Basically the absolute CQI value has to be signaled for each RB at least at the beginning of the CQI reporting as a reference value. However, it may also be possible that NodeB sets some default value instead of the actual absolute CQI reporting by UE. 
In this scheme, if the relative CQI value is received erroneously at NodeB, the error chain continues for the subsequent reconstructed CQI information. There fore, the absolute CQI value must be reported periodically to cancel this error chain.
With this reporting scheme, the total number of bits for one CQI reporting set is 53 bits in case of 10MHz system bandwidth.
Moreover, this scheme can use the several step sizes and the reference RB 
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 cycles through all the RBs in order to give fair accuracy to all of them. 
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Figure 2: (a) CQI reporting scheme, (b) Example of signaling format
Alternative 3: Time domain differential information + Rough absolute information
Same with the alternative 2, the differential information is derived from the comparison between the consecutive two CQI values in time domain. The difference from the alternative 2 is that the rough absolute information is reported in order to reduce the signaling cost further. It means that the rough CQI values for all RBs are reported in a same reporting set. This makes possible to set the reporting period for the rough absolute CQI information more flexible. Hence, more frequent reporting of the the rough absolute CQI information is possible in this alternative, which enables to cancel CQI error chain more extensively. 
With this reporting scheme, the total number of bits for one CQI reporting set is 100 bits or 51 bits in case of 10MHz system bandwidth.
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Figure 3: (a) CQI reporting scheme, (b) Example of signaling format
Alternative 4: Time domain differential information + Frequency domain differential information
Same with the alternative 3, the differential information is derived from the comparison between the consecutive two CQI values in time domain. The difference from the alternative 3 is that the frequency domain differential information is reported instead of the rough absolute information in order to reduce the signaling cost further. 

With this reporting scheme, the total number of bits for one CQI reporting set is 54 bits in case of 10MHz system bandwidth.
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Figure 4: (a) CQI reporting scheme, (b) Example of signaling format
Alternative 5: Dynamic use of Time domain differential information and Rough absolute information
Similar to the alternative 3, both the time domain differential information and the rough absolute information are utilized in this alternative. However, UE derives both feedback information in every CQI reporting, and then UE selects one of them so as to minimize the compression error. Here, the compression error can be calculated e.g. the difference between the measured CQI values and the reported CQI values with the feedback information. Since NodeB cannot predict which feedback information (i.e. time domain differential information and rough absolute information) are used in each CQI reporting, one bit flag should be added in the CQI information. Although UE calculation cost is increased, more accurate CQI reporting can be realized compared with the alternative 3. 

Alternative 6: Dynamic use of Time domain and Frequency domain differential information
Similar to the alternative 5, two feedback information sets are derived in every CQI reporting timing. However, in this alternative, the frequency domain differential information is utilized instead of the rough absolute information. 

Evaluation
We evaluated the system performance with above differential CQI information reporting (Alt.1 to Alt.6), Top M individual [1], the full absolute CQI and rough absolute CQI reporting in 10MHz system bandwidth. The step size 
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 are optimized from the combination 2 step size. The required information bits for each reporting scheme are summarized below. Here, note that only 14 levels are assumed for MCS level in this simulation. Therefore, the number of required bits to indicate one absolute CQI value is 4bits. As for the rough absolute CQI information, 2bits is assumed per one rough CQI value. In case of Alt. 5 and Alt.6, the average error for all RBs in one reporting set is used for the criteria to select a format to be used for reporting. Other detailed simulation assumptions are summarized in the annex.
The reporting period for each scheme was decided according to required CQI reporting bits per one reporting. In other words, almost the same bit rate is achieved for all schemes. The reporting period was obtained from the bit rate of the full absolute reporting with 30ms reporting period as shown on Table 2.
Table2: Comparison of required information bits
	Reporting scheme
	Number of the required information bits/reporting period

	Full absolute CQI
	200 bits/30ms 

	Rough absolute CQI
	100 bits/15ms

	Top M individual 
	74bits (5 individual values)/10ms

	Alt.1
	54 bits/7ms

	Alt.2
	54 bits/7ms

	Alt.3
	100 bits (every 50 reporting times) or 51 bits(others)
/10ms

	Alt.4
	54 bits /7ms

	Alt.5
	100 bits or 51 bits/7ms

	Alt.6
	54 bits or 51 bits/7ms


* One bit flag is included in order to indicate which format is used for alt.1 to alt.6.

Figure5 (a) and (b) show the cell throughput performance in case of the UE speed of 3 km/h and 30 km/h, respectively. 
Figure5 (a) and (b) show the normalized cell throughput performance which is normalized by using full absolute reporting with 2ms reporting period. The performance of full absolute reporting with 2ms reporting period (i.e. no delay) was used as the reference. In case of low mobility (3km/h), all schemes except alternative 1 can achieve the same throughput performance. However, in case of medium mobility (30km/h), Top M individual scheme is superior to the proposed schemes because of including average CQI value.

From the simulation results, alternative 4, combination of Time domain and Frequency domain seems to be suitable regardless of UE speed.
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(a) 3km/h                                      (b) 30km/h
Figure 5: Normalized Cell Throughput

Conclusions

In this contribution, the following CQI reporting compression schemes based on the differential information were discussed:


· Alternative1: Frequency domain differential information + Absolute information 
· Alternative2: Time domain differential information + Absolute information
· Alternative3: Time domain differential information + Rough absolute information
· Alternative4: Time domain differential information + Frequency domain differential information
· Alternative5: Dynamic use of Time domain differential information and Rough absolute information
· Alternative6: Dynamic use of Time domain and Frequency domain differential information
These alternatives provide about 25% reporting overhead reduction.
From the evaluation, we observed that all the proposed alternatives except alternative 1 provide almost the same performance for the low speed scenario. On the other hand, Top M individual achieves the best performance in medium mobility. However, alternative 4 seems to be suitable in both low and medium mobility.
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Annex
Detail simulation assumption is summarized information following table.

	System Band Width
	10MHz (50 PRBs with 12 sub-carriers)

	TTI length
	1ms

	Cellular Layout
	Hexagonal grid, 19sites, 3sector-cell per site

	Distance-dependent path loss
	L=128.1+37.6log10(R), R in km

	Penetration Loss
	20dB

	Lognormal Shadowing
	Similar to UMTS 30.03, B1.41.4

	Shadowing standard deviation
	8dB

	Correlation distance of Shadowing
	50m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Antenna pattern
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=70degrees, Adjust=6.7519dB (This adjustment to make total radiated power over 360 deg. equal to omni-directional antenna.)

	Channel model
	Typical Urban 6path

	Number of Tx antennas at NodeB
	1

	Number of Rx antennas at UE
	2

	Minimum distance between UE and cell
	35m

	AMC, Modulation and Coding Rate
	QPSK(1/3, 2/5, 1/2, 3/5, 2/3, 4/5)

16QAM(1/2, 2/3, 3/4, 4/5)

64QAM (3/5, 2/3, 3/4, 4/5)

	HARQ
	Chase Combining

	Traffic Model
	Full buffer

	MAC Scheduler 
	PF Scheduler

	Number of user per sector-cell
	10

	Link to system level interface
	EESM
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