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High Fidelity Sub-band CQI Feedback

Vinod Ramachandran, Suresh Kalyanasundaram, John Harris, Hua Xu 
Motorola Inc.,

1. Introduction

In this contribution, we propose a sub-band CQI reporting solution based on differential reporting that increases the granularity of CQI feedback with a fixed overhead per sub-band. We also propose a text for the amendment working document.

2. Proposed Technique

The CQI reporting generally consists of a wideband CQI and sub-band CQI. The wideband CQI is the average CQI experienced by the mobile station across the entire bandwidth. Given a wideband CQI, it is possible to determine, using order statistics and as a function of the number of sub-bands, the probability distributions of the CQI of the best sub-band, second best sub-band, and so on. For example, Figure 1 shows the PDF of the CQI (SNR, in linear scale) corresponding to the three best sub-bands for a wideband CQI of 3 dB assuming that there are 50 sub-bands and that the SNRs across sub-bands are i.i.d. Typically, the CQI can span a range of 0.1 to 100 (-10 dB to 20 dB), but the figure shows that given the wideband CQI of 3 dB (2 in linear scale), the range of CQIs for the three best sub-bands spans from 3 to 21. In addition, the range of CQI spanned by each sub-band is limited to an even narrower band. For example, the whole range of CQI spans from 3 to 21, but the second best sub-band CQI spans only from 4 to 14.
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Figure 1: Probability distributions of CQI of the best three sub-bands

Let us now assume that only three bits are allowed for conveying the CQI of each sub-band. This implies that we can convey one of eight levels of CQI for each sub-band. Instead of quantizing the entire range of CQI in to eight levels, we can now quantize the expected range of CQI of each sub-band to eight levels thereby obtaining fine granular CQI. For example, for the best sub-band, the CQI range from 4 to 20 can be divided in to eight levels. Similarly, for the second best sub-band, the CQI range from 3 to 13 can be quantized in to eight levels, and so on. In other words, the three bits are used to convey a CQI value within a smaller range (e.g., 3 to 13) instead of a CQI value within a larger range (0.1 to 100). The specifications can standardize the range for the sub-bands as a function of the realized (quantized) values of the wideband CQI.

In addition to the above, the quantization of the CQI of any sub-band can also depend on the realized CQI value of the sub-band better than it. For example, if it turns out that the CQI of the best sub-band is equal to six, then the second best sub-band can only have a value that is less than or equal to six. Therefore, for the second best sub-band, the three bits can be used to specify one of eight levels in the range of 3 to 6, instead of 3 to 13. The same explanation can hold for the third best sub-band i.e., its quantization will depend on the realized CQI value of the second best sub-band.

To summarize, the quantization of the CQI levels for any sub-band depends on the following two factors:

· Wideband CQI – Wideband CQI decides the probability distributions of the CQI of the best sub-band, second best sub-band, etc. 

· Realized CQI of the sub-band that is better (immediately above) the current sub-band – The range of the CQI for the current sub-band is constrained based on the observed value of the CQI of the sub-band that is just better than it. 

The sub-band CQI reporting is generally accompanied by a wideband CQI report. In this case, the accompanying wideband report decides the range for the sub-band CQI. Otherwise, the last reported wideband CQI can be used to decide the range. 

2. Proposed Text
Based on the discussion above, we propose that the following text be added to the amendment working document.

x.x.x
Channel quality feedback

x.x.x.3
CQI quantization

The interpretation of the CQI of each of the reported K best sub-bands of a mobile station shall depend on the accompanying or last reported wideband CQI and the CQI value of the sub-band that is just better than it. The wideband CQI refers to the average channel quality observed by the mobile station across the entire bandwidth and is represented by four bits. Each value of wideband CQI gives the corresponding range of the CQI of the best sub-band, second best sub-band, etc. These ranges are FFS as shown in Table Y1. The sub-band CQI for each of the sub-bands are also represented using four bits. The quantization of the best sub-band CQI in to 16 levels for each of the wideband CQI indices is standardized and the values are shown in Table Y2. 
At the opportunity of sending a periodic sub-band CQI report or as response to an on-demand CQI request, the mobile station shall perform the following:

1. Use four bits to convey one of the 16 CQI levels for the best sub-band based on Table Y2 using the most recent wideband CQI report
2. Determine the revised range of the CQI of the second best sub-band based on the observed value of the CQI of the best sub-band. The left end of the CQI range of the second best sub-band is the lower value of the original range of second best sub-band CQI as determined from Table Y1. The right end of the CQI range of the second best sub-band is the minimum of the higher value of the original range of second best sub-band CQI as determined from Table Y1 and the observed CQI value of the best sub-band. 
3. Quantize this revised range of the second best sub-band in to 16 levels. The exact quantization technique is FFS
4. Use four bits to convey one of these 16 levels for the second best sub-band

5. Repeat from Step 2 for all subsequent sub-bands up to and including the K-th sub-band

Upon reception of a sub-band CQI report from a mobile station, the base station shall perform the following:

1. Use the accompanying or last reported wideband CQI index from that mobile station to determine the ranges of the best sub-band, second best sub-band, etc. from Table Y1

2. Determine the best sub-band CQI from the four bits used to convey the best sub-band CQI

3. Determine the revised range of the CQI of the second best sub-band based on the received value of the CQI of the best sub-band. The left end of the CQI range of the second best sub-band is the lower value of the original range of second best sub-band CQI as determined from Table Y1. The right end of the CQI range of the second best sub-band is the minimum of the higher value of the original range of second best sub-band CQI as determined from Table Y1 and the observed CQI value of the best sub-band 

4. Quantize this revised range of the second best sub-band in to 16 levels. The exact quantization technique is FFS
5. Determine the second best sub-band CQI from the four bits used to convey the second best sub-band CQI

6. Repeat from Step 3 for determining the CQI of all subsequent sub-bands up to and including the K-th sub-band
Table Y1. Ranges of the sub-bands CQI for different wideband CQI indices
	Wideband CQI index
	Best sub-band CQI range (in dB)
	Second best sub-band CQI range (in dB)
	…
	Nth best sub-band CQI range (in dB)

	0000
	FFS – FFS
	FFS - FFS
	FFS - FFS
	FFS - FFS

	0001
	FFS – FFS
	FFS - FFS
	FFS - FFS
	FFS - FFS

	0010
	FFS – FFS
	FFS - FFS
	FFS - FFS
	FFS - FFS

	0011
	FFS – FFS
	FFS - FFS
	FFS - FFS
	FFS - FFS

	0100
	FFS – FFS
	FFS - FFS
	FFS - FFS
	FFS - FFS

	0101
	FFS - FFS
	FFS - FFS
	FFS - FFS
	FFS - FFS

	0110
	FFS - FFS
	FFS - FFS
	FFS - FFS
	FFS - FFS

	0111
	FFS - FFS
	FFS - FFS
	FFS - FFS
	FFS - FFS

	1000
	FFS - FFS
	FFS - FFS
	FFS - FFS
	FFS - FFS

	1001
	FFS - FFS
	FFS - FFS
	FFS - FFS
	FFS - FFS

	1010
	FFS - FFS
	FFS - FFS
	FFS - FFS
	FFS - FFS

	1011
	FFS – FFS
	FFS – FFS
	FFS – FFS
	FFS – FFS

	1100
	FFS - FFS
	FFS - FFS
	FFS - FFS
	FFS - FFS

	1101
	FFS - FFS
	FFS - FFS
	FFS - FFS
	FFS - FFS

	1110
	FFS - FFS
	FFS - FFS
	FFS - FFS
	FFS - FFS

	1111
	FFS - FFS
	FFS - FFS
	FFS - FFS
	FFS - FFS


Table Y2. Best sub-band CQI quantization for different wideband CQI indices

	
	Wideband CQI index

	Best sub-band CQI index
	
	0000
	0001
	0010
	0011
	0100
	0101
	0110
	0111

	
	0000
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	0001
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	0010
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	0011
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	0100
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	0101
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	0110
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	0111
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	1000
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	1001
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	1010
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	1011
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	1100
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	1101
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	1110
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	1111
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS


	
	Wideband CQI index

	Best sub-band CQI index
	
	1000
	1001
	1010
	1011
	1100
	1101
	1110
	1111

	
	0000
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	0001
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	0010
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	0011
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	0100
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	0101
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	0110
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	0111
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	1000
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	1001
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	1010
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	1011
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	1100
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	1101
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	1110
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS

	
	1111
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS
	FFS-FFS


============================== End of Proposed Text ===============


  


