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1. Introduction

The use of OFDM for the E-UTRA downlink enables e.g. scheduling and link adaptation in the frequency domain. Support for these techniques however implies signaling overhead. They thus need to be justified by significant performance improvements. This paper investigates the performance benefits of frequency domain link adaptation. A way forward is also proposed. 

Scheduling is treated in a separate document, in which large gains for frequency domain scheduling are seen, motivating its support.

This paper is organized as follows. Link adaptation principles are presented in Section ‎2, followed by models and assumptions in Section ‎0‎3, and numerical results in Section ‎4. Conclusions are drawn in Section ‎5. 

2. Link Adaptation Principles

Three link adaptation principles are considered:

1) Resource block Dependent Modulation and Coding (DMC) in the frequency domain.

2) Resource block Dependent Modulation and Common Coding (DMCC) in the frequency domain.

3) Resource block Common Modulation and Coding (CMC) in the frequency domain.

Note that in all cases both modulation and coding are variable in the time domain on a TTI basis. 

2.1. Modulation and Coding Scheme Selection

In this study, Modulation and Coding Scheme (MCS) selection is done with the objective to maximize link throughput T. This is calculated as T = R*(1-BLEP), where R and BLEP are the peak bitrate and the expected Block Error Probability for the current link quality respectively. Using the DMC principle, the MCS maximizing the link throughput is selected independently per resource block. For the DMCC principle, first the modulation is selected as for DMC, and then a common code rate maximizing the link throughput is selected. For CMC, the BLEP is estimated across all resource blocks, and the single MCS maximizing link throughput is selected. 

2.2. Qualitative Discussion – What Results may be Expected?

The basic idea behind variable modulation and coding in the frequency domain is that different MCSs are suitable for different channel qualities, and that the channel quality varies in the frequency domain. This potential gain is however limited by several factors:
· With channel coding and interleaving across resource blocks, the loss of using an MCS that is appropriate for the mean channel quality, but suboptimal for some individual resource block channel qualities, is reduced. 

· The contribution to the overall throughput of being able to select more robust MCSs for resource blocks with poor quality is small. 

· After combining the signals received from multiple receive antennas the channel quality variations between resource blocks are reduced. 

· Frequency domain scheduling further reduces the variations between allocated resource blocks.

· Variable modulation and coding in the frequency domain relies on accurate channel quality estimation. Errors in such estimates are reduced when averaged across several resource blocks, as for CMC.

Table 1. Models and Assumptions

	System bandwidth / occupied bandwidth
	10MHz / 9MHz

	Sub-carrier spacing
	15kHz

	# Sub-carriers per resource block
	20

	# Resource blocks 
	30

	TTI (resource block duration)
	0.5ms

	# Symbols per TTI
	7

	# Data symbols per resource block
	120

	Modulation schemes
	QPSK, 16QAM, 64QAM

	Channel coding rates
	1/40, 1/20, 1/10, 1/6, 1/4, 1/3, 2/5, 1/2, 4/7, 2/3, 3/4, 8/9

	# Receive antennas
	2, MRC combining

	# Reference symbols for channel estimation
	8 per resource block (Pref = 2xPdata) 

	Channel quality estimation & reporting
	Instant, error per resource block N(0,E), E = 0 or 3 dB

	Channel model
	Typical Urban, Pedestrian A, 3km/h

	Hybrid ARQ 
	Type I, no code combining 


3. Models and Assumptions

The link adaptation principles are evaluated using the Mutual Information Effective SINR Metric (MIESM) methodology proposed in ‎[1]

 REF _Ref124668199 \r \h 
 \* MERGEFORMAT ‎[2]. Other models and assumptions are summarized in Table 1.

It should be noted that DMC typically would lead to reduced performance due to short code words (one code word per 120 symbol resource block). This effect is not included in the evaluations. The DMC results are thus optimistic.

4. Numerical Results

The link adaptation algorithms are evaluated in terms of mean link throughput versus mean SNR per antenna for different scenarios. Figure 1 shows such results under the assumption of ideal channel quality estimation. It is seen that the different principles reach very similar performance. There is further no big difference between the Typical Urban and Pedestrian A channels. Around the switching points between QPSK and 16QAM (at about 3dB SNR) and between 16QAM and 64QAM (at about 12dB SNR), a slight gain of DMC and DMCC over CMC of up to 5% can be seen. Averaged over the SNR range, the gain is however insignificant.

Figure 2 shows similar results assuming a channel quality estimation error with a standard deviation of 3dB (per resource block)
. It is seen that this causes a degradation of the results for all principles. The loss for CMC is however smaller than for DMC and DMCC since the error is averaged over all 30 resource blocks before it affects the MCS selection. The loss for DMCC is smaller than for DMC. The impact on the modulation selection is the same, but the code rate selection of DMCC involves averaging which reduces the loss.
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Figure 1. Mean link throughput versus mean link SNR per antenna for Typical Urban and Pedestrian A channels, no channel quality estimation error.
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Figure 2. Mean link throughput versus mean link SNR per antenna for Typical Urban and Pedestrian A channels, channel quality estimation error with 3dB standard deviation.

5. Conclusions

The presented results indicate that the gains of variable modulation and coding in the frequency domain are negligible. With non-ideal channel quality estimation performance losses occur. Based on these results and for reasons of overhead, it is proposed for E-UTRA to support fixed modulation and coding across all resource blocks of a user in the frequency domain, but varying between streams an in time. 
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� This is a simple model used to get an indication of what results may be expected under non-ideal conditions.





