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Downlink Sub Channel Power Control for 
Higher Order Modulation
Introduction
For the MUROS feasibility study [1], various concepts, e.g. orthogonal sub channels, higher-order modulation, are currently under investigation. One of the open issues common to all proposals is a method for sub channel power control, i.e. balancing the transmit power according to the different channel conditions experienced by users sharing a time slot. 
In this contribution, a method for sub channel power control for higher order modulation is proposed. In addition to exploiting the different bit error probabilities of a 16-QAM constellation, the distances between neighbouring symbols is adjusted adaptively to further control bit error probabilities.
Sub channel power control for a uniform 16-QAM constellation
In [2], the possibility of exploiting the fact that the bit error probability (BEP) performance is not equal for all four bits of each symbol in the regular 16-QAM modulation for the purpose of sub channel power control is mentioned. 
Assuming a 16-QAM constellation with in-phase (I) and quadrature-phase (Q) components independently modulated by the bits, only I or Q needs to be considered for deriving the performance difference between strong and weak bits. Thus, it is sufficient to consider a 4-ASK constellation. Using the mapping {11 10 00 01}, then the first bit is the strong bit and the second bit is the weak bit. Analytical results for the performance difference between the strong and the weak bit in an AWGN and a fast flat Rayleigh fading channel are shown in Table 1. The performance difference between strong and weak bits seems not sufficient for sub channel power control purposes.
Table 1 Performance of strong and weak bits of 4-ASK

	
	AWGN (at BER = 10-4)
	Rayleigh Fading (at BER = 10-3)

	
	strong
	weak
	difference
	strong
	weak
	difference

	Eb/N0 [dB]
	11.9
	12.2
	0.3
	25.4
	28.1
	2.7


16-QAM with non-uniform signal constellation
In a regular ASK or QAM constellation, the signal points are evenly distributed, that is, the distance between two neighbouring signal points of the constellation is equal for all signal points. As is shown in Section 2, this equal distance property results in similar bit error probability (BEP) performance for all bits of a symbol. 
To obtain controllable error protection for each bit of a symbol, a 16-QAM scheme with non-uniform constellation, i.e. where the distances between neighbouring signal points in the constellations are not equal, is considered in the remainder of this section. 
1.1 Quaternary uneven ASK
Figure 1 shows the constellation of a quaternary uneven ASK (4-UASK) with a bit-to-symbol mapping following Gray coding rules. The distance between the two inner points is denoted by d, while the distance between an outer point and its neighbour is denoted by μd, where μ is a real number. For μ=1.0, Figure 1 represents a regular 4-ASK constellation with equal distance between all neighbouring points. 
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Figure 1 Constellation of 4-ASK with uneven distances

In the receiver, a hard decision can be made for each bit following the rules,
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where r is the received symbol value.

As indicated by (1), the detection of the strong bit is independent of μ. However, as indicated by (2), the detection of the weak bit is dependent of μ. Thus, the receiver aiming at the weak bit needs to estimate the value of μ with sufficient accuracy. 
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Figure 2 BEP of 4-UASK in AWGN (μ = 1.0, 0.7, and 0.4)
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Figure 3 BEP of 4-UASK in Fast Flat Rayleigh Fading Channel (μ = 1.0, 0.7, and 0.4)

Figure 2 and Figure 3 show the BEP for the strong bit (red line) and the weak bit (blue line) in the AWGN and fast flat Rayleigh fading channel, respectively, with perfect knowledge of μ in the receiver, given  μ = 0.4, 0.7, and 1.0. Some numerical results are summarized in Table 2. It can be seen that to achieve a given BEP, as μ decreases, the required signal-to-noise ratio (SNR), Eb/No, decreases for the strong bit, but increases for the weak bit. As a result, the difference in required SNR between the strong bit and the weak bit increases as μ decreases.
Table 2 BEP performance for 4-UASK (Eb/N0 [dB])

	μ
	AWGN (at BER = 10-4)
	Rayleigh Fading (at BER = 10-3)

	
	strong
	weak
	difference
	strong
	weak
	difference

	1.0
	11.9
	12.2
	0.3
	25.4
	28.1
	2.7

	0.7
	10.2
	13.8
	3.6
	23.9
	29.4
	5.4

	0.4
	8.2
	16.6
	8.4
	22.4
	32.2
	9.8


1.2 Uneven 16-QAM

The concept of 4-UASK can be extended to 16-ary uneven QAM (16-UQAM) by constituting the 16-UQAM constellation with two independent 4-UASK constellations, one for the real part, that is, the I sub channel, and another for the imaginary part, that is, the Q sub channel. As shown in Figure 4, for each block of k=4 bits, two of them (b1 and b2) are mapped to the sub channel I, and the other two bits (b3 and b4) are mapped to the sub channel Q. Because the two sub channels are independent, different protection of the strong bits and weak bits can be obtained by setting a proper value of μ for each sub channel. 
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Figure 4 Constellation of 16-QAM with uneven distances

Note that in Figure 4 the values of μ are denoted by i and q for the sub channel I and Q, respectively. In addition, the values of d are denoted by di and dq for the two sub channels, respectively. In general, q is not necessarily equal to i, and, dq is not necessarily equal to di. These flexibilities make it possible to let all of the four bits have different protection. In the receiver, the real part and the imaginary part of the received complex symbol can be separated, and a hard decision can be made for each bit following the rules,    
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where Re{r} and Im{r} are the real part and the imaginary part of the received symbol, respectively.

1.3 Implementation aspects

Depending on which symbol bits a receiver is assigned, the UASK or UQAM receivers might need to know the value of μ used in the transmitter. One possible solution is to signal this information explicitly in a control message. 
Another possible solution is to define a new set of training sequences and to estimate μ in the receiver by observing the received training sequence. It can be noted that the estimation error of μ has no effect on the BEP performance of the strong bit; it affects only the weak bits. Furthermore, the estimation error only widens the performance gap between the strong and weak bits. This effect can be compensated by adjusting the corresponding value of μ accordingly. This method can also be used for adapting μ in response to variation of the channel.
Furthermore, changing the association of users to strong or weak bits, respectively, requires a notification to be sent to all affected users in advance.
Summary

Sub channel power control in the downlink is considered a desirable feature in MUROS. In this contribution, we propose a 16-QAM modulation scheme with uneven constellation for multiplexing users on a time slot. A parameter μ is used to determine the distances of neighbouring signal points in the constellation. Thus, the required SNR for the strong bits and the weak bits to achieve a specified bit error probability can be adjusted to the needs of the multiplexed users individually.   
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