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1. Introduction
The best-M based scheme for encoding of Channel Quality Indicator (CQI) information is favored as one of the solutions. However, the best-M based scheme may have a problem in that the required bits to indicate the sub-band positions can increase rapidly when the number of sub-bands is increased, because the best-M based scheme requires explicit information to express the position of selected M sub-bands.
In this contribution, we propose that multiple approaches which can reduce the number of required bits for the expression of sub-band positions for the best-M based reporting. 
2. The possible expression of sub-band positions encoding
Here, we use “N” as the number of sub-bands for whole band, which is configured by the network. For example, in the case that the system BW is 10MHz (50RBs), N is configured as N=10 if the sub-band sizes are 5RBs. Furthermore, we use “M” as the number of selected sub-bands, which is also configured by the network if the adaptive Best-M based scheme [7] is applied for optimizing the trade-off between the DL throughput and the UL overhead. For example, the UE might feedback the selected M=3 channels’ qualities and positions from N=10 sub-bands for whole band. The number of sub-bands for the whole band “N” and the number of selected sub-bands “M” would be configured by higher layer signaling.

In this section, we describe three possible approaches that are shown in Figure1 for the expression of the selected “M” sub-band positions from “N” sub-bands for whole band, and their pros and cons. 
Approach #1
In approach #1, indices are assigned to all possible 
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　combinations and the UE feedbacks the index that indicates the selected “M” sub-band positions from whole band. For example, for N=10 and M=3, the UE needs a look-up table for all 120 possible combinations of sub-band positions, and the UE has to choose the index from that table. The number of required bits is 
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 in this approach, thus the encoding compression is maximized. However, this approach needs more complexity and storage. And also, the UE needs a 
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 table for a configured N and M which requires re-construction whenever N and/or M is re-configured. The UE needs to select the indices for the position from all possible combinations for every CQI feedback. In the case of N=20 and M=10, for example, since the amount of all possible combinations is 184,756, so this causes the hardware size of the UE to increase. Therefore, we think this approach may be not suitable.
Approach #2

In approach #2, the UE has to prepare an N-bits bitmap for whole band and M bits of them can be set to indicate the selected sub-band positions. In this case, since the number of required bits does not depend on the value of M, this approach has an advantage that the required bits are not increased significantly even if M becomes larger.  However, the encoding compression is not efficient in case of small values of M.
Approach #3

In approach #3, it can be also considered to transmit all the absolute values for selected M sub-band positions. In this case, the number of required bits is
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, and more bits are required especially when N or M is large.

Figure1 shows the diagrams in each approach, and 
Table1
 shows the summary of their pros/cons.
Table1:  pros / cons of approaches

	
	Required bits
	pros
	cons

	Approach #1
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 bits
	· maximizes compression, least no. of bits transmitted
	· complexity/storage to handle combinations

	Approach #2
	N bits
	· low complexity scheme 

· does not depend on M
	· redundant for small N, M
· too many bits for large N

	Approach #3
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 bits
	· simplest of all approaches
	· no gain for small N, M
· requires too many bits for large M,N case
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Figure1  Expression of selected M sub-bands 
3. Proposed scheme for the expression of selected M

Table1
　indicates that selecting between approaches #2 and #3 for different N, M parameters can remove their respective disadvantages. Thus, we propose the following scheme - to select either approach #2 or #3, whichever needs fewer bits to use, depending on the values of N and M. 
Figure 2 shows the relationship between the value of M　and the number of required bits for each approach, in the case of N = 20, for example. The following curves; (a) Approach #1 - the blue line, (b) Approach #2 - the red line, (c) Approach #3 - the green line, (d) Proposed scheme - the yellow dashed line, (e) Difference between (a) Approach#1 and (d) Proposed scheme are shown.
Based on each curve, the required bits for approach #3 is less than for approach #2 for M≤4. Therefore, applying approach #3 for M≤4 and approach #2 for M>4 is a good solution for reducing the required bits, compared to using either approach alone.

The different N, M parameters are configured by the higher layer signalling. Since the switching point between Approach #2 and Approach #3 can be specified automatically by the UE based on the configured N, M values by the eNB, no explicit signalling is necessary to specify the switching point between the two approaches.
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Figure 2  Relation between the value of M and the number of bits
(in the case of N=20)
4. Conclusion

The following is our proposal; 
Proposal: 
A combination of approaches (approach #2 and #3) should be used as the expression of selected M sub-band positions in the Best-M based CQI transmission scheme for different N, M parameters – approach 2 for M below a value, e.g. 4, and approach 3 for M above this value.
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