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1. Introduction

Accurate and efficient Channel Quality Indication (CQI) feedback is crucial for E-UTRA. This feedback forms the basis for e.g. scheduling, link adaptation, and power control. Desired characteristics of the CQI feedback method include:
1) It should be fast enough to track channel variations in time

2) It should cover frequency domain channel variations to support frequency domain scheduling. It should also provide accurate descriptions of the ’average’ channel quality for e.g. time domain scheduling and link adaptation.
3) It should consume a minimum of bandwidth and power. 
4) It should be of low complexity. A single scheme (with as few modes as possible) supporting both fast and slow terminals, with arbitrary services is desired. 

5) It should preferably be of constant rate to simplify mapping on physical channels and multiplexing

Using Discrete Cosine Transform (DCT) coding of CQI has been proposed in e.g. ‎[2], ‎[3] and ‎[4]. This paper elaborates further on this concept. The main addition is a proposal to make the reporting incremental. 
2. Incremental CQI Reporting using DCT Coding
This section first describes the proposed incremental CQI feedback scheme using DCT coding. This is followed by examples of regenerated frequency responses.
2.1. Basic Operation

The scheme operates as indicated by the below steps. For simplicity, SNR is here used as the channel quality metric. Other channel quality metrics than SNR can also be considered.
1) The UE estimates the channel and forms an SNR estimate, SNRest(f). The frequency domain granularity of the SNR estimate may be e.g. on resource block level, or even down to the pilot separation level.
2) The UE makes a DCT transform of the estimated SNR: SNRdct = DCT(SNRest). The number of elements in the DCT transform is kmax. This parameter can be used to determine the frequency domain granularity of the CQI reports. By setting kmax = 1, traditional ‘time domain’ reporting is achieved. Note that a DCT transform of size 1 corresponds to the mean.
3) The DCT transformed SNR is sampled and represented by N bits per bin: SNRdctsamp = samp(SNTdct,N)

4) Set k = 1

5) The UE reports SNRdctsamp(k).

6) The Node B sets SNRdctest(k) = SNRdctsamp(k) 
7) The Node B regenerates the SNR as SNRest = IDCT(SNRdctest). Note that the not yet reported components of the SNRdct are set to zero before the inverse DCT is performed

8) If the channel ‘has changed’ (to be defined) or if k=kmax, go to 4, else set k=k+1 and go to 5.
When multi-stream MIMO is used in the downlink, SNRs could be reported per stream.
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Figure 1. Examples of true and regenerated SNR at transmitter for different numbers of reported DCT bins, two-branch MRC, left: Typical Urban channel, right: Pedestrian A channel.

2.2. Examples of Regenerated Frequency Responses

In order to indicate what level of accuracy may be expected with the proposed scheme, some examples of regenerated frequency response are provided. Frequency responses for 9MHz Typical Urban and Pedestrian A channels are generated and sampled every 90kHz (the reference symbol spacing for LTE). 
The SNR is calculated as |H(f)2|/2(f), where H(f) is a channel estimate and 2(f) is a noise and interference estimate. Receive diversity with MRC combining is modeled through adding the SNRs of two independent realizations. The 100 samples are DC-transformed and ‘sampled’ by mapping them to the nearest integer value between -14 and 15dB. The frequency response is then regenerated using an inverse DCT transform of the first M elements of the samples DCT transformed, followed by 100-M zeros.
Examples for Typical Urban and Pedestrian A channels are depicted in Figure 1. It is seen that the mean SNR is captured already by the first element. This is important as this is sufficient for link adaptation (the same modulation and coding is used for all resource blocks), and for time domain scheduling.  In these examples, frequency responses useful for accurate frequency domain scheduling are achieved after about 8 iterations (4ms if reported in every TTI). Note however that hints on what subbands are best are achieved already after 2 iterations. This will not always lead to optimum scheduling decisions, but is statistically better than random scheduling in the frequency domain.
3. Conclusions
Incremental feedback of DCT-coded CQI has the following benefits:

· An accurate mean SNR is achieved with minimum delay for both TDM and FDM
· For stationary terminals, ‘arbitrarily’ accurate frequency responses may be achieved

· For fast moving terminals, the mean SNR  can be quickly tracked (the UE resorts to reporting the first element of the DCT when it detects that it has changed)

· For moderately fast moving terminals, an automatic tradeoff between tracking the mean SNR and the frequency domain characteristics is achieved (the UE reports the first few DCT elements before it detects that the channel has changed).
· The number of reported bits per TTI can be kept low (5 in the above example). If SNR is reported per stream, the number is doubled. This is important in order not to limit the overall link budget.
· In case the channel state information is required, e.g. for beam forming, the norm and the phase can be transformed to DCT domain respectively and fed back incrementally. The number of CQI reports is doubled.
· The number of reported bits per TTI can be constant. This reduces complexity and simplifies multiplexing of CQI reports from multiple UEs. 
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