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1. Introduction

In the recent RAN1 meeting [1] it was agreed that the “best-M” CQI reporting scheme will be used for the aperiodic reporting of CQI. This document highlights the use of the “best-M” scheme for periodic reporting. By setting the available parameters, a variety of reporting schemes can be configured that differ in the granularity and frequency of the CQI reports. We will show the basic applicable schemes and principles and additionally show how to find a compromise between sufficient fine granularity and high reporting frequency by introducing a configurable variation of the report granularity.
In the conclusion a table is shown that provides the major aspects of the various configurable best-M reporting schemes.

2. Best-M Parameters

2.1. Parameter k
The following table shows the subdivision of a 5 MHz operating system bandwidth into subbands according to the definition of the parameter k. The number of PRBs for different bandwidths is shown.
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Figure 1: Number of PRBs for various operating system bandwidths

For these defined operating system bandwidths the parameter k has to be chosen well to subdivide the spectrum into an integer number of subbands.
To narrow down the values of k to a set of reasonable and applicable size, we propose to only use the following set of values for k, which results in the subdivision of subbands in a 5 MHz bandwidth case:
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Figure 2: Reasonable Spectrum Subdivision for 5 MHz for selected Values of k

This reduces the values of k to 8 values: 1, 2, 3, 4, 5, 6, 8 and 12. These will subdivide the 5 MHz spectrum into 25, 12, 8, 6, 5, 4, 3 and 2 subbands correspondingly.

As 10, 15 and 20 MHz can be split into 5 MHz bands, the scheme would also apply for these higher bandwidths.

2.2. Parameter M
M is basically used to form larger subbands out of small subbands, that contain k PRBs. Per M subbands one CQI value is generated and reported. In the examples below, subbands are chosen that consist of consecutive PRBs. Thus the combination of e.g. k=5 and M=1 forms equal granularity as k=1 and M=5. 
3. Periodic Reporting using the best-M reporting scheme
This section contains a brief description of the basic scenarios for the reporting of the CQI values that can be configured in different ways. They differ in their configuration of the major parameters, such as k, M and the reporting period. It can easily be seen from the examples, how the reporting is done and what is the time between two reports for the same subband, which is called the “update period”.
The examples depict the PRBs in the upper row, the subdivision into subbands in the line(s) just below and the sequence of reports as shaded boxes with the corresponding reporting TTI in the leftmost column.

3.1. Equidistant sequential Reporting, eNB configured
For this reporting scheme the parameters k, M, reporting period and update period are fixed. In the example below, k and M are set to achieve a subdivision of the total number of PRBs into 5 subbands; here k=5 and M=1 in 5MHz (=25 PRBs) were used. Needless to say that the same subdivision would apply for k=1 and M=5.
A reporting period of 5ms is set to allow the UE to access the PUCCH in repeated, predefined time instants, i.e. every 5th subframe. With a total of 5 subbands, the resulting update period is 25ms.
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Figure 3: Equidistant Sequential Reporting
This reporting scheme allows for cyclically scanning the whole spectrum with an equal granularity of the predefined subbands. After one update period, the reporting scheme is repeated again. Due to the predefinition of the subband sequence, no signaling of the subband location is required. The scheme does not allow for continuous observation of the quality variations of a single subband that are faster than the update period.
3.2. Cohered sequential Reporting, eNB Configured
A number of close or even contiguous subframes may be used to send the sequential reports. In this example five subsequent subframes are used each of which carries the CQI value of one subband. To keep the signaling load for the reporting the same as in the example above, a reporting period of 25 ms is set, this is equal to the update period of 25 ms in this case.
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Figure 4: Cohered sequential Subband Reporting, eNB Configured
3.3. Single Subband Reporting, UE Configured
In a UE selected reporting scheme, there will not be any predefined sequence of subbands. Instead the UE selects the best-M subbands and reports the corresponding CQI value.
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Figure 5: Single Subband Reporting, UE Configured

3.4. Best-M Reporting with Granularity Variation, Single Subband
One possibility to overcome the problem of not having any detailed information about the radio channel quality of other subbands than the reported one is to start with a rough granularity and refine the subband with every report. In this example, the first report was chosen to be a wideband CQI report, then k=12 (i.e. one half of the operating bandwidth) was chosen for the first, k=6 for the second and k=3 for the third subband report. The resulting granularities are shown as additional rows in the upper part of the following figure.
Note that the refinement can equivalently be done by a set of k values or by a set of values for M. In the examples of this document we chose to modify the parameter k.
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Figure 6: Reporting with Granularity Variation, Single Subband
4. Contents of the Reports 
The reports always contain at least one CQI value. In the case additional information will be present if subband locations need to be signalled as well.
4.1. Subband Location
In the example reporting schemes of section 3.3, the absolute subband location needs to be signalled, whereas the reporting schemes of sections  3.4 and 3.5, just require the signaling of a direction information (i.e. “right” or “left”), which can be done with one single bit. The remaining 4 bits are sufficient to carry the CQI value. Although the CQI table will contain the CQI values with a finer resolution of e.g. 1 dB, the reported multi-band CQI values can have a coarser resolution.

4.2. Granularity of CQI Values
As already discussed in [3], the required number of bits for multiband CQI values is less than 5 bits. Considering the example of the best-M feedback scheme in chapter 3.4, radio channel quality information for multiple subbands is available, in the example, a total of  3 subband CQI values are present in the eNB. According to the formula in [3], the equivalent number of wideband bits of the multi-band information is already  ld(3*23-2) = 6 bits. The equivalent number of total wideband bits increases even more, the more reports are present.
Of course the reporting schemes with granularity variation can e.g. be combined with differential schemes. Then the subband reports would contain differential CQI values which represent the differences to a former reported absolute value, e.g. a wideband CQI.
5. Conclusion
We showed in various application scenarios that the best-M CQI feedback scheme allows for gathering radio channel quality information in many different ways. The major aspects of different schemes are summarized in the table below:
	Reporting Scheme
	Parameters
	Advantage
	Number of Bits per Report

	Equidistant sequential Reporting, eNB configured, see section 3.1
	k,

M,

Reporting period
	No signaling overhead, subbands locations are identified by an implicit function of the time index 
Tolerant to lost reports, but 1 CQI is lost
Complete spectrum is scanned with equal subband granularity once per update period 
	5,
one CQI per M subbands

	Cohered sequential Reporting, eNB Configured, see section 3.2
	k,

M,

Reporting period
	No signaling overhead, subbands are identified by an implicit function of the time index

Tolerant to lost reports, but 1 CQI is lost
Complete spectrum is scanned with equal subband granularity once per update period 
	5,
one CQI per M subbands

	Single Subband Reporting, UE configured, see section 3.3
	k,

M,

Reporting period
	Very fast identification of the best subband
Tolerant to lost reports due to signaling of each of the absolute subband locations, but 1 CQI is lost

	5+x,
one CQI per M subbands + x for signaling of the location

	Best-M Reporting with Granularity Variation, single Subband, 
see section 3.4
	Set of k,

Set of M,

Reporting period
	Fast identification of the best subband
Little signaling overhead, just the refinement direction is signaled
Provides frequency selective information in different granularities without changing the reporting scheme
	4+1,
one CQI with 4 bits per M subbands + 1 bit for signaling of the refinement direction


Table 5: Summary of Major Aspects of the best-M CQI Reporting

The best-M CQI reporting scheme allows for the transfer of multi-band channel quality information from the UE to the eNB even with less than 5 bits per CQI value. 
In schemes with granularity variation, the location of subbands can be signaled by appending just the direction information to the CQI.
6. Proposals
We propose to adopt:

Configurable periodic CQI reporting schemes

Configuration parameters for the CQI reporting scheme are as follows:

a) Index/indices into a bandwidth specific PRB partitioning table

b) Reporting period

c) Indicator for the chosen CQI reporting method, cf. Section 3.1 - 3.4

d) CQI report contents that depends on the reporting scheme configured
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