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1. Introduction
AMC (Adaptive Modulation and Coding) is an essential technique in LTE to optimize the system performance [1]. In this contribution, we evaluate various combinations of modulation schemes and channel coding rates in terms of user throughput performance. This contribution gives an insight in choosing the set of modulation and channel coding scheme for AMC.
2. Set of Modulation Scheme and Channel Coding Rate
Tab. 1 shows modulation schemes and channel coding rates used in this contribution. Each coding rate in the table is generated from the same rate 1/3 Turbo code by rate matching (i.e., repetition or puncturing). We evaluate throughput performance with all combinations of modulation schemes and channel coding rates. The combination of lower order modulation and very low coding rate is especially beneficial to accommodate a UE with very low SNR at the cell boundary.  
 We evaluate the throughput performance with each MCS in the computer simulations. Simulation parameters are shown in Tab. 2 which is based on [2].
Table. 1 Set of Modulation Scheme and Channel Coding Rate Assumed in Simulation
	Data modulation
	
	Channel coding rate

	QPSK
	
	1/8

	16QAM
	
	1/6

	64QAM
	
	1/4

	
	
	1/3

	
	
	1/2

	
	
	3/5

	
	
	2/3

	
	
	3/4


Table 2. Simulation assumption


	Parameter
	Assumption

	Bandwidth
	10 MHz

	Number of occupied sub-carriers
	600

	Sub-carrier spacing
	15 kHz

	TTI length
	0.5 msec

	Multipath delay profile
	1 path

	Carrier frequency
	2GHz

	Modulation scheme
	QPSK, 16QAM, 64QAM

	Channel coding / decoding
	Turbo code (K = 4)

/ Max-Log-MAP decoding(8 iterations)

	Hybrid ARQ
	none

	Number of received antennas
	1

	Number of symbols in sub-frame
	7

	Channel Model
	Static (AWGN)


Fig. 1 shows the throughputs which is defined by the number of information bits per second and per Hz which are received successfully. In Tab. 3, SNR at BLER=10% is shown for each MCS in the increasing order of SNR. It is apparent that some of these MCS’s are of no use at all. That is, the combination of higher order modulation with lower code rates can be replaced by other MCS’s with better performances. For instance, the throughputs of MCS20 and MCS21 are equal, but MCS20 requires less SNR than MCS21 to achieve the BLER 10%. The number of MCS might be further decreased to reduce complexity or control signaling overhead.
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Figure1. Throughput (AWGN)
Table 3.  SNR at BLER = 10%
	MCS
	Data modulation
	Channel coding rate
	SNR at BLER=10% [dB]
	maximum throughput [bit/s/Hz]

	
	
	
	
	

	1
	QPSK
	1/8
	-4.6
	0.156

	2
	QPSK
	1/6
	-3.6
	0.216

	3
	QPSK
	1/4
	-1.3
	0.336

	4
	QPSK
	1/3
	-0.7
	0.456

	5
	16QAM
	1/8
	0.9
	0.336

	6
	QPSK
	1/2
	1.7
	0.696

	7
	16QAM
	1/6
	1.9
	0.456

	8
	QPSK
	3/5
	2.8
	0.84

	9
	QPSK
	2/3
	3.7
	0.936

	10
	16QAM
	1/4
	3.7
	0.696

	11
	64QAM
	1/8
	4.1
	0.516

	12
	16QAM
	1/3
	4.3
	0.936

	13
	QPSK
	3/4
	4.5
	1.056

	14
	64QAM
	1/6
	6.2
	0.696

	15
	16QAM
	1/2
	7.2
	1.416

	16
	64QAM
	1/4
	7.5
	1.056

	17
	16QAM
	3/5
	8.4
	1.704

	18
	16QAM
	2/3
	9.5
	1.896

	19
	64QAM
	1/3
	9.6
	1.416

	20
	16QAM
	3/4
	10.7
	2.136

	21
	64QAM
	1/2
	11.6
	2.136

	22
	64QAM
	3/5
	13.3
	2.568

	23
	64QAM
	2/3
	14.8
	2.856

	24
	64QAM
	3/4
	16.1
	3.216


3. Conclusion

In this contribution, the link level performances are measured with various combinations of modulation scheme and channel coding rates. Among these MCS combinations, there are unnecessary ones which should not be employed. Thus, the MCS's set should be carefully chosen from the viewpoint of throughput, system complexity and control signaling overhead.
---------------------------------------- Text Proposal for TR 25.814 ----------------------------------------------------------

7.1.2.2

Link adaptation

Link adaptation should be carried out with a pre-defined set of modulation and channel coding schemes (MCS). The MCS's set should be carefully chosen from the viewpoint of throughput, system complexity and control signaling overhead.
-------------------------------------- End of Text Proposal for TR 25.814-----------------------------------------------------
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