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1. Introduction

Frequency-domain scheduling can provide high sector and edge user throughput for E-UTRA by exploiting the multi-user diversity and frequency-selectivity. One main issue of frequency-domain scheduling is to overcome the extensive CQI feedback overhead. Some efficient feedback schemes have been proposed and analyzed in [1]

 REF _Ref126987554 \n \h 
[2], which can achieve most of frequency selectivity with very few bits of feedback. In this paper, the details of the feedback schemes are provided.
2. CQI Feedback Schemes

In [2], the performance of two feedback schemes has been studied. Numerical simulations have shown that the benefit of frequency-selective scheduling can be largely sustained by using only a few feedback bits. In the following, the details of the two feedback schemes will be discussed. A resource block group (RBG) is defined as N contiguous resource blocks that is used to measure and feedback the CQI.
2.1. Bitmap Feedback Scheme

The bitmap feedback scheme can be illustrated in Figure 1. At each time i, half of the RBG’s will be mapped with one bit (green as in the figure), to indicate whether it is in “good” state or not. The number of RBG’s mapped with “1” can be adaptively configured. For example, the number can be set to the last scheduled RBG’s for this UE, or some minimal report size. Let 
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At each CQI feedback instance, the bitmap of the reported RBG’s (the green blocks in Figure 1) and the average CQI for the RBG’s mapped as “1” (the purple block in Figure 1) are fed back. At node-B, the RBG’s mapped as “1” are assumed to have equal CQI as reported, while the RBG’s mapped with 0 are assumed to have CQI which x dB worse than RBG’s mapped to “1”. The unreported half of RBG’s are assumed to have CQI as previously reported.
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Figure 1. Example diagram of bitmap feedback, green stands for feedback bitmap, where yellow means no feedback for the corresponding RBG’s. The feedback CQI’s are h0 and h1 respectively.
The size of the CQI report then depends on the system bandwidth and N. The number of CQI feedback bits for the bitmap scheme is shown in Table 1 assuming the average CQI value for the RBG’s mapped as “1” is 5 bits.
Table 1 – Report sizes of the bitmap feedback scheme.

	Bandwidth
	5 MHz (25 RBs)
	10 MHz (50 RBs)
	20 MHz (100 RBs)
	Comments

	N=2
	11 bits
	17 bits
	30 bits
	If the number of RBs can not be 

divided by N, the residual RBs 

may be left out and rely on the

reconstruction/interpolation.



	N=3
	9 bits
	13 bits
	21 bits
	

	N=4
	8 bits
	11 bits
	17 bits
	

	N=5
	
	10 bits
	15 bits
	

	N=10
	
	
	10 bits
	


As shown in Table 1, for large bandwidth such as 20 MHz, the report size is still quite large. According to the analysis given in [3] and [4], CQI report size larger than 10 will really limit the number of supportable UEs for frequency selective scheduling with reasonable feedback overhead.
This can be solved by assigning different N to UEs with different channel quality. For example, UEs at the cell edge will be assigned N equal the number of total resource blocks so that only the wideband CQI of 5 bits is feedback. The UEs with relatively good channels will be assigned N from the set of {2, 3, 5, 10} according to their channel quality.
2.2. Feedback Scheme based on Hierarchical Structure
The RBs are grouped into RBGs using various resolutions. Therefore, one RB can belong to different RBGs. For each successive feedback interval, an index of a RBG and the corresponding average CQI are reported as shown in Figure 2. For example, the RBG with the best average CQI can be selected at each level. A re-construction algorithm is used at the Node-B to improve the estimate of CQI, as shown in Figure 3.
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Figure 2 - Hierarchical structure for CQI feedback
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Figure 3. Example of channel reconstruction algorithm for Hierarchical feedback scheme.

Here we propose two ways to utilize this hierarchical structure for CQI feedback.
2.2.1. Hybrid Feedback Scheme

An example of the hybrid-A feedback scheme is shown below assuming total L levels and y (1 or 2) differential bits:

1. Set current level 
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2. Report the best RBG index and the associated average CQI value;

3. Report y differential bits for the highest y levels excluding the current level;

4. Set current level 
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With the index and average CQI (CQIi ) values of the best RBGs of all levels 
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, the Node-B can re-construct the CQI values for all the RBs can be re-constructed as shown in the Annex-A.:

Note that for the hybrid-feedback, the L-step feedbacks with history are used together to reconstruct the channel. Each feedback iteratively updates the information of the best-band for only one level. Hence for high Doppler, y differential bits may be used to improve the accuracy of reconstruction.

Therefore, each CQI report needs an index of the RBG, a CQI value and maybe several time differential bits for other levels if needed. There are several ways to form the CQI reports with different overheads as shown in Table 2 and Table 3. The more straightforward option 1 given in Table 2 has higher overhead than option 2 shown in Table 3 which needs less than 10 bits even for 20 MHz case.
Table 2 – Bit and Overhead for Option 1.
	Bandwidth
	5 MHz (25 RBs)
	10 MHz (50 RBs)
	20 MHz (100 RBs)

	Levels
	3 levels

N=2, 5, 25
	4 levels

N=2, 5, 10, 50
	4 levels

N=4, 10, 20, 100

	Bits
	4 bits index + 

5 bits CQI + 

2 differential bits
	5 bits index + 

5 bits CQI + 

3 differential bits
	5 bits index +

5 bits CQI + 3 differential bits

	Total bits
	11 bits
	13 bits
	13 bits


Table 3 – Bit and Overhead for Option 2.
	Bandwidth
	5 MHz (25 RBs)
	10 MHz (50 RBs)
	20 MHz (100 RBs)

	Level 1
	N=25

no index +

5 bits CQI + 

2 differential bits
	N=50

No index + 

5 bits CQI +

3 differential bits
	N=100

No index +

5 bits CQI +

3 differential bits

	Level 2
	N=5

3 bits index + 

2 bits diff. CQI + 

2 differential bits
	N=10

3 bits index + 

3 bits diff. CQI +

3 differential bits
	N=20

3 bits index +

3 bits diff. CQI +

3 differential bits

	Level 3
	N=2

4 bits index +

1 bits diff. CQI +

2 differential bits
	N=5

4 bits index +

2 bits diff. CQI +

3 differential bits
	N=10

4 bits index +

2 bits diff. CQI +

3 differential bits

	Level 4
	
	N=2

5 bits index +

1 bits diff. CQI +

3 differential bits
	N=4

5 bits index +

1 bits diff. CQI +

3 differential bits

	Total bits
	7 bits
	9 bits
	9 bits


2.2.2. Generalized Feedback Scheme

The generalized feedback scheme consists of a generalized index, a CQI value and several time differential bits for previous reports if needed. The generalized index points to all the RBGs of all levels used in the feedback scheme shown in Table 4. (Note that some of the levels can be taken out to reduce the bits needed for index.) 
Table 4 Index and Bits for Generalized Feedback Scheme.

	Bandwidth
	5 MHz (25 RBs)
	10 MHz(50 RBs)
	20 MHz (100 RBs)

	Levels*
	N=2, # RBGs = 12
N=5, # RBGs = 5

N=25, # RBGs = 1


	N=2, # RBGs = 25

N=5, # RBGs = 10

N=10, # RBGs = 5

N=25, # RBGs = 2

N=50, # RBGs = 1
	N=2, # RBGs = 50

N=4, # RBGs = 25

N=5, # RBGs = 20

N=10, # RBGs = 10

N=20, # RBGs = 5

N=25, # RBGs = 4

N=50, # RBGs = 2

N=100, # RBGs = 1

	Total RBGs
	Total # RBGs = 18
	Total # RBGs = 43
	Total # RBGs = 117

	Bits
	5 bits index + 

5 bits CQI + 

T differential bits
	6 bits index + 

5 bits CQI + 

T differential bits
	7 bits index + 

5 bits CQI + 

T differential bits

	Total bits
	10+T* bits
	11+T* bits
	12+T* bits




* T depends on how many reports to use for channel re-construction.
Since each RBG for all the levels now have a unique index, the UEs can choose to report any RBG of any level at any report interval. Therefore, this report format can be used to implement several CQI feedback schemes:
· Bitmap feedback scheme. The RBGs is actually a subset of the bitmap with a good structure. In fact, additional groupings of RBs can be added in to improve performance, if the number of bits for index does not increase.

· Top-M feedback scheme. Top-M feedback scheme can be implemented with additional capability to dynamically vary the resolution. Note that M≥T+1 for this case.
· Hybrid feedback scheme. This is straightforward but with slightly higher overhead than the scheme proposed in Section 2.2.1.
3. Conclusions
Three CQI feedback schemes are proposed with details. Bits per CQI report for these schemes vary from below 10 bits to slightly higher than 10 bits which is critical according to the overhead analysis in [3] and [4]. Simulations results presented in [2] show that all 3 schemes are able to achieve close to full feedback performance.
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Annex A – An Example of the CQI Re-construction Algorithm

Here is a simple example of the re-construction algorithm. Assume we have 3 levels and total 4 RBs. The Node-B receives one report for each level: h_1 for level 1 which is the average CQI value for all 4 RBs; h_2 for level 2 of the left half bandwidth which is the first 2 RBs; h_3 for level 3 of the 2nd RB. The straightforward way to use these 3 reports to reconstruct the CQI is as follows::

CQI value for RB 1 is h_2

CQI value for RB 2 is h_3

CQI value for RB 3 is h_1

CQI value for RB 4 is h_1

However this is not the optimal way to utilize these CQI feedbacks. These 3 CQI feedbacks actually give the following information:

CQI_1 + CQI_2 + CQI_3 + CQI_4 = 4*h_1

CQI_1 + CQI_2 = 2*h_2

CQI_2 = h_3

Therefore to re-construct the CQI for the 4 bands, we can go through the following process. Firstly set CQI_1=CQI_2=CQI_3=CQI_4=h_1; Secondly, set CQI_1=CQI_2=h_2 while CQI_3=CQI_4=(4*h_1-2*h_2)/2=2*h_1-h_2; And then, set CQI_2=h3 and CQI_1=2*h_2-h_3. Finally we have

CQI value for band 1 is 2*h_2 - h_3

CQI value for band 2 is h_3

CQI value for band 3 is 2*h_1 - h_2

CQI value for band 4 is 2*h_1 - h_2

which are quite different from the straightforward approach and is more accurate. Same process can be used for any hierarchical structures.
Algorithm description:

1. Initialize the CQI of all the RBs to CQI1 of level 1 and assign each RB a value 
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2. Set the current level 
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3. Assuming there are T RBs that belongs to the best RBG reported in the level i,  set all the RB to have the same value of I=z.  Also assuming there are M RBs that have In=z (and the same CQI value h). For all the RBs that have In=z  if it belongs to the best RBG, then set its CQI to the reported CQIi of the current level and In=i; otherwise set its CQI to 
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4. Set the current level 
[image: image14.wmf]1

ii

=+

.

5. If 
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, done; Otherwise, go to step 3.










































































































































































































...





n=1





n=2





n=4





Levels





bands





-





Sub





...





n=1





n=2





n=4





Levels





bands





-





Sub








_1200762236.unknown

_1200762381.unknown

_1200764564.unknown

_1200766001.unknown

_1200762582.unknown

_1200764039.unknown

_1200762394.unknown

_1200762309.unknown

_1200762320.unknown

_1200762298.unknown

_1200742255.unknown

_1200745778.vsd
Feedback, t=i�

Feedback, t=i+1�

0�

0�

1�

1�

h0�

Reconstruct, t=i+1�

1�

1�

0�

0�

h1�

h0-x�

h1�

h0-x�

h1�

h0�

h1-x�

h0�

h1-x�


_1200741348.unknown

