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1. Introduction

OFDM technology is currently being considered as part of the 3GPP Study on Long Term Evolution (LTE) for UMTS. In this document we propose an area for study that should be investigated when evaluating the potential of OFDM for evolved UMTS, namely the use of frequency-dependent channel quality information (CQI) feedback to improve OFDM performance.  
A study on the applicability of OFDM to 3GPP-based systems is reported in [1]. However, the study was limited to "text-book" OFDM. Consequently, some of the associated potential gains of OFDM(A) were not fully investigated. References [2]-[4] proposed more advanced OFDM(A) schemes, but these contributions focused on the technical proposals and did not provide the associated throughput gain results. 
In this document we present simulation results which justify further study of these advanced techniques as part of the current LTE Study Item. In particular, we examine OFDMA with both frequency-dependent scheduling and frequency-dependent MCS selection, and we show that for rich multi-path channels, this approach provides significant spectral efficiency improvements as compared to the conventional approach. However, both this scheme and other advanced schemes require more sophisticated frequency-dependent CQI feedback from the UE to the Node B. Further study is needed to consider efficient feedback mechanisms that will provide most of the available spectral efficiency gains at reasonable feedback costs. 
2. Advanced OFDM 
Text-book OFDM can be improved in a number of different ways. Here we focus on a simple scheme involving per-bin scheduling with optimal MCS selection. In this scheme, for each user the Node B chooses out of a pool of N users to transmit data to the user whose SNR/CQI at that bin is highest. In addition, the optimal MCS is also selected per bin. Although not considered in this document, further improvements are possible, such as by varying the transmit power per bin based on the frequency-dependent CQI.
3. Simulation Results
In Figures 1.a-3.a, we show the throughputs obtained with the above advanced scheme as well as with the conventional text-book OFDM used in [1]. For convenience we also present the throughput gains of the advanced scheme relative to the conventional approach in Figures 1.b-3.b. We consider Pedestrian A, Pedestrian B and Vehicular A channels (as in [1]). We simulated max-SNR scheduling for the text-book OFDM case, (where the SNR is averaged over all frequencies), and we assumed 30 users (N=30) for scheduling. Additional simulation assumptions can be found in the Appendix. We note that for flat fading channels, the advanced OFDM(A) scheme collapses to the text-book OFDM of [1] and provides no additional gains. Thus, the gains for the Pedestrian A channel are smallest. 
For the rich multipath channel cases, namely Pedestrian B and Vehicular A channels, very large SNR gains are seen, i.e., 4-5 dB in the SNR regions of most interest. This translates to significant potential throughput gains, as seen in the figures, particularly in the low to moderate SNR regions where throughput improvements are needed most. For example, gains of 50-60% and more are seen for SNRs up to around 5 dB, a region which covers around 65% of the cell users according to the typical Geometry Factor distribution in a cell [5]. 
4. Feedback Implications 

As was pointed out in [2]-[4], the more advanced OFDM schemes require accurate channel quality feedback from the active UE to the Node-B scheduler. However, the amount of traffic needed for ideal feedback is very high and expensive. Some initial suggestions were made in [2]-[4] regarding sub-optimal feedback schemes that could reduce cost, and such sub-optimal schemes should be studied further.  

5. Conclusions 

We have seen that using frequency-dependent CQI feedback from the UE has the potential to significantly improve OFDM spectral efficiency as compared to “text-book” OFDM. The results here motivate further study of efficient feedback mechanisms in order to achieve most of the potential gains at reasonable feedback costs. We propose that the current 3GPP study on Long Term Evolution consider efficient feedback mechanisms and the potential gains available from utilizing frequency-dependent CQI information.
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6. Appendix
Simulation assumptions are based on Appendix A.1.1 in [1]. The simulation assumptions used to generate the results are listed in Table 1. 

	Parameter
	Explanation/Assumption

	OFDM-CPICH power
	10%

	Power for other common channels
	10%

	Power for HSDPA data transmission
	80%

	Channel/Timing estimation
	Ideal

	MIMO configuration NT:NR
	1:1

	Channel width
	5 MHz

	Number of subcarriers
	512

	OFDM sampling frequency
	5MHz

	FFT size
	512

	Subcarrier power levels
	Equal Power

	CQI Feedback
	Ideal


Table 1: Simulation assumptions
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Fig 3.a Throughput curves for the Pedestrian A channel. 





Fig 3.b Throughput gains for the Pedestrian A channel using per-bin scheduling and per-bin MCS selection.





Fig 2.a Throughput curves for the Vehicular A channel.





Fig 2.b Throughput gains for the Vehicular A channel using per-bin scheduling and per-bin MCS selection. 





Fig 1.a Throughput curves for the Pedestrian B channel. 





Fig 1.b Throughput gains for the Pedestrian B channel using per-bin scheduling and per-bin MCS selection.
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