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Discussion and decision
An important aspect to ensure high system performance in downlink is the design of channel quality indication (CQI). It’s design has to balance aspects related to measuring complexity, downlink capacity and coverage performance, as well as required overhead (power and capacity) of CQI signalling in the uplink. In this contribution, we stress various important aspects that need be considered when selecting the final CQI scheme and propose an extension to the existing LTE system performance evaluation methodology to incorporate these important aspects.
1 Introduction

The use of CQI reports for link adaptation and packet scheduling is limited by the available accuracy of the available CQI report. The most important imperfections relate to:
· Inherent measuring errors in the UE that is limited by the available number of reference symbols within the specified CQI measuring window (time and frequency). Errors here include “age of measurement” provided that measuring window is extended in the time domain (Wcqi in Figure 1).

· Inaccuracies related to the CQI reporting format; e.g. resolution and nature of report.

· Delays related to transmission and reception in eNodeB (Dcqi in Figure 1), as well as processing by scheduler and time until packet based on certain CQI is received at the UE location. Delays related to non-continuous CQI reporting also impacts performance (see cqi in Figure 1).
· Erroneous reception of CQI reports (detectable and non-detectable) which cause information loss and additional scheduling delay. 

While the above-mentioned aspects are mentioned in several references, see e.g. [1], only very few CQI studies take inherent measuring errors and imperfections into account. This creates a large risk for over-dimensioning the CQI concept compared to what is needed; e.g. we risk spending a large signalling effort on something which is inherently inaccurate. We find this a critical aspect in evaluation that needs to be taken into account when studying and benchmarking CQI schemes. 
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Figure 1 - Notation for timing aspects of CQI measurement and reporting.
2 CQI measuring accuracy

Even though the physical resource block (PRB) size has been determined as 12 sub-carriers [5], we assume for the analysis conducted here that the CQI is reported for a 2xPRB reporting block consisting of 24 sub-carriers. As many discussed CQI methods are based on an initial per-2xPRB SINR estimate (e.g. full and best-M CQI methods), this is the domain addressed here and proposed in the final CQI error simulation model.

The measuring accuracy is impacted by e.g. the number of available reference symbols within the 2xPRB (e.g. tradeoff between accuracy and overhead), the allowed time available for averaging (tradeoff with adaptation delay), and more fundamentally by the stability of channel and interference (e.g. effective UE velocity). Here we consider a simple static channel model with AWGN as interference model. Assuming the reference symbol structure discussed in [2], e.g. 8 pilots per 0.5 ms sub-frame interval per 2xPRB, we thereby achieve best-case estimates for the available per-2xPRB SINR estimation accuracy as a function of CQI measuring/averaging time (best case under the assumption that only pilots within 2xPRB can be used for SINR measurement). Expressed in decibel, we use a Gaussian zero-mean error model and the resulting standard deviation on the error is plotted in Figure 2 versus the averaging time window.
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Figure 2 - Equivalent standard deviation error in 2xPRB SINR estimate assuming log-normal error distribution.
It is clear that even in the ideal case, the general measurement error level is significant and, compared to the resulting errors from just looking at link adaptation delay [1], even dominates the total error for low-speed UE CQI measurements. At higher speeds, assumptions of static channel can no longer be assumed and errors levels of Figure 2 become higher. Using a link simulator with covariance-based SINR estimation, the results of Figure 3 were produced. It is noted here that ideal CQI bias removal has been assumed which is an optimistic assumption. Further, averaging is applied also in the frequency domain; e.g. not limited to 2xPRB bandwidth. Thus better performance is achieved at the shorter CQI averaging periods where noise is dominant. Nevertheless, it is noted that the per-2xPRB error level is improved by initial averaging although not as effectively for the TU channel as for the ideal AWGN case depicted in Figure 2. At higher speeds, a CQI averaging period larger than 4-5 ms increases the resulting SINR error. 
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Figure 3 - Simulated per-2xPRB SINR error (equivalent standard deviation) versus averaging time.
For MIMO CQI scheme evaluation, the choice of CQI metric is more open. Link simulations aka those presented here must be used to extract equivalent error models for system simulations. Such CQI error models are needed according to the very same arguments given above and, depending on the MIMO scheme, the impact should be similar or even worse.

3 CQI measuring and reporting delays

At this stage of standardization, the delays related to UE transmission and processing has not been studied. As for eNodeB processing delays, these are based on the specific implementation and are not standardized. Relating to the items mentioned in the Introduction as well as the notation of Figure 1, we propose that the effective link adaptation delay is modelled with the following components.

· If SINR is not explicitly estimated in system simulation, and an equivalent log-normal SINR error model is applied, the additional link adaptation delay caused by CQI measurement window need be modelled. We propose that the “age” of the measurement is determined at the centre point of the averaging period. E.g. if Wcqi in Figure 1 is 4 TTIs (example), the “age” of the CQI method before transmission is already 2 TTIs.

· Dcqi and cqi in Figure 1 should be explicitly modelled. 

4 CQI transmission losses

In earlier contributions the feasibility of relative CQI reports have been discussed for reduced signalling overhead. In such cases, as well as in other assessments, it is needed that reception failures of the CQI reports are modelled. Either the CQI feedback channel should be explicitly modelled or a random CQI report loss ratio can be specified and assumed. The latter also is useful for setting reliability requirements for the CQI feedback channel for various CQI schemes. Non-detectable CQI errors may also need to be modelled depending on the probability for such event to happen (depends on amount of protection decided).
5 Basic evaluation methodology

In [1] it is proposed that simple link assessment methodologies can be used for CQI assessment. We believe that simplified “equivalent SINR error” methodologies will fail to assess the performance of CQI schemes which clearly depends on the CQI parameter configuration, scheduling strategies, and thus the cell dynamics. Further, we note that CQI reports may also be used for other system level control; e.g. power control of downlink control channels as proposed in e.g. [3,4], and such aspects should be included in the studies. We therefore propose that large-scale system simulations are needed in order to conduct final benchmarking of the LTE CQI scheme. Methods like those proposed in [1] can be used by individual companies to conduct an internal and rough sorting of CQI candidates if desired.
6 Conclusions

We have discussed various error sources for CQI that are important to consider before conclusions related to CQI scheme can be made. We have used link simulations and system arguments to show that especially the basic issue of CQI measurement is important for the overall studies. We have proposed a framework for conducting system simulations with modelling of CQI errors. We stress that selection of the CQI scheme must be based on large-scale system simulation results and not on simpler SINR-based metrics.
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