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1. Introduction 
In this contribution we present a comparison of the downlink performances for cases where either full CQI reporting per sub-band (PIUSCH based Mode 3-0) or the average best-M CQI (PUSCH based Mode 2-0) scheme is assumed. The performance results are presented in coherence with the latest agreed parameter settings for those two CQI reporting schemes as captured in TS 36.213. The contribution is organized as follows; In Section 2 we provide further background information and summary of the considered CQI schemes, while the performance results from system level simulations are presented in Section 3. Finally, concluding remarks are summarized in Section 3.
2. Average Best-M and Full CQI reporting
Here we consider the following two CQI schemes:

· Full CQI reporting: The channel quality is reported for each sub-band.

· Average best-M: The average channel quality is reported for the M best sub-bands, together with a bit mask identifying those M best sub-bands.

According to TS 36.213, the sub-band size depends on the CQI scheme as well as the system bandwidth as summarized in Table 1. The sub-bands size is expressed in number of PRBs, i.e. in units of 180 kHz. Notice here that the sub-band measurement size for CQI is larger for the full CQI reporting as compared to average Best-M scheme. The latter is to ensure that the total CQI word size remains roughly the same.
Table 1 Summary of sub-band sizes for CQI measurements (source TS 36.213).
	
	Sub-band size [PRBs]
@10 MHz
	Sub-band size [PRBs]
@20 MHz

	Mode 3-0
	6
	8

	Mode 2-0
	3
	4


The CQI sub-band measurement size has an impact on how well the radio channels frequency selectivity can be tracked. In order to further elaborate on this aspect, the frequency correlation function is plotted in Figure 1 for different radio channel profile models. At a frequency offset of 3 to 4 PRBs (equivalent to 560-720 kHz) it is observed that the correlation coefficient is on the order of 0.4-0.5, while it decreases to 0.1-0.4 for frequency offsets of 6 to 8 PRBs (equivalent to 1080-1440 kHz). This implies that the CQI sub-band size for the full CQI reporting scheme is slightly larger than the radio channels coherence bandwidth, and this starts to influence on the potential gain from using radio channel aware multi-user frequency domain packet scheduling (FDPS).
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Figure 1 The radio channels frequency correlation function.
3. Performance results
Extensive system simulations have been conducted in order to further assess the downlink performance as a function of the two considered CQI schemes with the sub-band parameter settings as listed in Table 1. The general assumptions are in coherence with commonly used assumptions for LTE system level simulations, with the following settings:
· Macro cell case #1 @ 3 kmph with the 20-path Typical Urban (TU) channel model.
· Proportional fair time-frequency domain packet scheduling.
· Dynamic link adaptation (QPSK 1/5 to 64QAM 9/10), including outer loop link adaptation with 20 % BLER target for first transmissions.
· Hybrid ARQ with Chase Combining (CC).

· 1-Tx antenna and 2-Rx IRC (interference rejection combining) receiver.

· CQI reporting every 5 ms with 2 ms delay.

· 4-bit quantization of CQI (according to TS 36.213).

· Overhead includes 3 OFDM symbols per TTI for CCH + RS overhead.

· Full buffer traffic model with 10 users per cell.

In Table 2 we have summarized the relative performance, in terms of average cell throughput, for the two considered CQI schemes at 10 MHz and 20 MHz system bandwidth. It is observed that the performance is slightly lower for the cases where the full CQI scheme is used, or equivalently, the performance is better for the average best-M scheme. These results are in line with the general expectation of lower FDPS gain when increasing the CQI sub-band measurement size beyond the radio channels coherence bandwidth.
Table 2 Relative average cell throughput performance for the two considered CQI schemes.
	
	@10 MHz system BW
	@20 MHz system BW

	Relative performance gain of Mode 2-0 over Mode 3-0
	
7%
	
6%


4. Conclusions

In this contribution we have presented a set of performance results depending on whether the full CQI reporting scheme  (PUSCH based mode 3-0) or average best-M scheme (Mode 2-0) is applied. The results are generated with the latest CQI parameter settings according to TS 36.213. It is observed that the downlink performance is 6-7% lower for the cases where the full CQI reporting scheme is used, compared to cases where the average best-M scheme is applied. The latter observation is explained by the larger sub-band measurement size assumed for the full CQI reporting scheme, which results in reduced ability to accurately track the frequency selective fading, and therefore reduced FDPS gain. 



























