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1 Introduction
The link adaptation techniques are envisaged for evolved UTRA in order to adapt, for example, the modulation and coding to the channel conditions observed by a given user at a given time [1]. It is expected that evolved UTRA system will support multiple modulation levels such as QPSK, 16-QAM and 64-QAM etc. Moreover, a range of coding rates will be supported ranging from very high coding rate such as 5/6 coding rate to low coding rate such as 1/3 or even lower coding rate.   

In order to design an efficient modulation and coding rate set, an important aspect to consider is the modulation switching points i.e. at what coding rate next higher level of modulation should be used. The answer may be simple if all the modulations symbols within a code block transmission experience the same channel gain. In this case, the modulation switching points can be optimized based on an AWGN channel because of the static nature of the channel for the code block transmission duration.  With short TTI duration of 1.0ms in evolved UTRA, the channel is expected to be “quasi-static” in time for low to medium speeds that are of most interest for evolved UTRA. However, a typical urban channel may be highly frequency selective resulting in different channel gains for symbols transmitted on different OFDM subcarriers. This will be particularly true for distributed mode transmissions where the code block symbols are preferable spread over the whole frequency band in order to maximize the frequency diversity benefit. The code block symbols channel gain or SINR variance are expected to be smaller for Resource Block (RB) based frequency-selective multi-user scheduling. This is due to the fact that channel gains are somewhat correlated over the coherence bandwidth. This, of course, depends upon the channel delay spread etc.
We can therefore expect that the code block symbol SINR variance can differ between localized and distributed transmission. In general, when the code block symbol SINR variance is smaller, it is expected that modulation switching to the next higher modulation level would happen at a relatively higher coding rate. This is due to the fact that majority of the symbols contribute to successful decoding of the code block because all symbols have SINR within a small range. On the other hand, in a highly frequency selective transmission, modulation switching to next higher level of modulation can happen at a relatively lower coding rate. This is explained by the fact that with large symbol SINR variance, some of the modulation symbols experience very low SINR and therefore are unable to make a significant contribution to decoding. Therefore, the resulting coding rate experienced by the decoder becomes higher resulting in penalty in the coding gain. In this case, it may be preferable to use a stronger code while using a higher order modulation. In summary, switching to higher order modulation can be expected to happen at a relatively higher coding rate for localized transmission while switching happens at a relatively lower coding rate for distributed transmission.

Moreover, the symbol SINR variance can be smaller even for distributed transmission for smaller system bandwidths of 1.25MHz and 2.5MHz that experience relatively smaller frequency selectivity for a given channel scenario. We know that channel coherence bandwidth is determined by channel delay spread. The channel delay spread is dependent upon the deployment scenario and multipath environment. For a given channel delay spread, the code block symbol SINR is going to be more correlated for smaller bandwidths than for larger bandwidths. This is due to the fact that smaller bandwidths may only cover a few coherence bandwidths while larger bandwidths can span many coherence bandwidths. In other cases, a single path fading or Rician Channel (LOS) may also occur in some cases in macro-cell deployments resulting in a non-frequency selective channel. Moreover, small Pico-cell (e.g. Indoor) deployments exhibit typical path delay of the order of 100’s of ns (coherence bandwidth of ~10MHz) exhibiting “flat-fading” for bandwidths up to 10MHz. Therefore, optimal modulation switching points can also vary depending upon the system bandwidth and channel environment etc.
In this contribution, we provide link performance results for modulation switching points in link adaptation.
2 Link Performance Results
In this section, we provide short-term link simulation results for switching between QPSK and 16-QAM modulation. However, we believe that conclusions from this study can also be extended for modulation switching considerations for other modulations such as 16-QAM to 64-QAM switching etc. Table 1 lists the simulation parameters that we used in the link simulation study.
Table 1– Simulation Parameters

	Parameter
	Value

	FFT size
	512

	# of simulated sub-frames/EbNo
	8,000

	Bandwidth
	5MHz

	Sub-carrier spacing
	15 kHz

	# of OFDM symbols in sub-frame
	6

	# of samples within GI
	64

	Coding & Modulation
	 Turbo Code with QPSK, 16-QAM

	Channel Model
	Flat Fading and Typical Urban (TU) channel

	Number of TX antennas
	1

	Number of RX antennas
	1Rx  and 2Rx

	Channel Estimation
	Ideal 


2.1 Link Performance for 1-Rx case

Figure 1 shows the link FER performance, under both flat fading  and Typical Urban (TU) channels for 16-QAM and QPSK with coder rate 1/3 and 2/3, respectively. It should be noted that 16-QAM with 1/3 coding rate and QPSK with 2/3 coding rate are equivalent from the supported data rates point of view. As shown, QPSK outperforms 16-QAM under flat fading channel while 16-QAM has a better performance in TU channel. This result suggests that one can use QSPK modulation with higher code rate in a flat fading channel (e.g. in frequency-selective multi-user scheduling), and can switch into 16-QAM with lower code rate in a frequency-selective fading channel (e.g. a frequency diversity channel).   For a difference set of code rate, Figure 2 shows the link FER performance, under both flat fading  and TU channels for 16-QAM and QPSK with code rate 3/8 and 3/4 respectively. It is seen that as code rate increase, as compared to Figure 1, the FER performance difference between 16-QAM and QPSK for a flat fading channel decrease while the difference increases for a frequency- selective fading channel. Figure 3 shows the link FER performance, under both flat fading  and TU  channels for 16-QAM and QPSK with coder rate 5/12 and 5/6, respectively. As shown, FER performance for QPSK and 16-QAM is almost identical for a flat fading channel; therefore, any of the schemes can be used. However, 16-QAM with 5/12 coding rate clearly outperforms QPSK with 5/6 coding rate in a frequency-selective transmission.
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Figure 1: link FER performance, under both flat fading and typical urban (TU) channels for 16-QAM and QPSK with coder rate 1/3 and 2/3, respectively (1Rx)

[image: image2]
Figure 2: link FER performance, under both flat fading and typical urban (TU) channels for 16-QAM and QPSK with coder rate 3/8 and 3/4, respectively (1Rx)
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Figure 3: link FER performance, under both flat fading and typical urban (TU) channels for 16-QAM and QPSK with coder rate 5/12 and 5/6, respectively (1Rx)
2.2 Link Performance for 2-Rx case

Figure 4 shows the link FER performance, under both flat fading and TU channels for 16-QAM and QPSK with coder rate 1/3 and 2/3, respectively for the case of 2 receive antennas. As compared to the case of 1-Rx, the FER performance improved for both QPSK and 16-QAM in a selective fading channel while FER performance, as excepted, remain unchanged for flat fading channels.   Figure 5 shows the link FER performance, under both flat fading and TU channels for 16-QAM and QPSK with coder rate 5/12 and 5/6, respectively. It should also be noted that performance difference between QPSK 5/6 and 16-QAM 5/12 decreases for the case of 2-Rx because the frequency selectivity in the received signal is reduced due to receive diversity.
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Figure 4: link FER performance, under both flat fading and typical urban (TU) channels for 16-QAM and QPSK with coder rate 1/3 and 2/3, respectively (2Rx)
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Figure 5: link FER performance, under both flat fading and typical urban (TU) channels for 16-QAM and QPSK with coder rate 5/12 and 5/6, respectively (2Rx)
3 Summary
In this paper, we discussed the issue of modulation switching points for link adaptation in Evolved UTRA. We noted that modulation switching to next higher level of modulation happens at a relatively low coding rate when the OFDM transmission experience frequency-selective fading. On the other hand, the switching to next higher level of modulation happens at a relatively higher coding rate when the OFDM transmission experiences a “flat-fading”.  In general, distributed transmission for frequency-diversity experience larger symbol SINR variance or selectivity and therefore, switching to a higher order modulation with a stronger coding may be desirable at a relatively lower coding rate. However, in case of resource block (RB) based frequency-selective multi-user scheduling using a smaller number of resource blocks, the transmission experiences relatively lesser frequency selectivity and therefore, a lower order modulation with a weaker code can be used. Similarly, the modulation switching points can be optimized based on the bandwidth allocated to a user and/or the user channel environment. 
In order to enable adaptive modulations switching points in link adaptation, payload indication in the downlink signaling should be independent and its interpretation should not depend on e.g. modulation scheme and the number of assigned resource units. Alternatively, more than one (two) rate set or MCS tables with different modulation switching points could be specified. The simulations results in this contribution can serve as guidelines on the modulation switching points for the MCS tables.
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