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Superposition-Coded Multiplexing: A Non-Orthogonal Multiplexing Scheme for the Downlink of IEEE 802.16m
Xin Su, Yunzhou Li, Wei Miao, Shidong Zhou, Jing Wang
Research Institute of Information Technology, Tsinghua Univ.
Introduction
Higher spectrum efficiency and user throughput are required in IEEE 802.16m than in the 802.16e reference system. New multiplexing schemes should be added to the system besides the conventional TDM, OFDM and CDM to support the higher demand [1].

In a practical system, the distribution of the users in one cell is arbitrary, which causes many “near-far” effects, i.e., the large difference of the distances between the BS and different users causes much different path losses. For instance, in a typical mobile environment, the path loss exponent is about 4, then the difference of the pass losses will be 40 dB between one user 5 km away from the BS and another user 500 m away from the BS. We can use this difference in the downlink to further improve the aggregate data rate of the downlink and to achieve higher spectrum efficiency than the orthogonal multiplexing schemes. The new downlink multiplexing scheme we propose is called superposition-coded multiplexing (SCM) [2][3].
Description of Superposition-Coded Multiplexing
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Fig. 1 BS and two users with different distances from the BS
As illustrated in Fig. 1, user A is closer to the BS than user B. Suppose the transmit power of the BS is limited to P. We can serve user A and B by time-division multiplexing (TDM), as shown in Fig. 2(a). Otherwise we can divide the transmit power into P1 and P2, and allocate them to user A and B respectively. Then the information symbols of the two users are transmitted simultaneously, i.e., the transmit signals for the two users are overlapped, as shown in Fig. 2(b), which is the basic idea of our proposed superposition-coded multiplexing scheme. The relative noise level of user B is higher than user A because B has a larger path loss. The received signal of B is composed of three parts: the signal for itself, the signal for A and the noise, as shown in Fig. 2(c). When demodulating the signal for user B, the other parts of the received signal (the signal for user A and noise) are seen as noise and interference. The received signal of user A is also composed of three parts, while the relative noise level is much lower, as shown in Fig. 2(d).
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(a) Time-Division Multiplexing                             (b) Superposition-Coded Multiplexing
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(c) The received signal of user B under                       (d) The received signal of user A under
 superposition-coded multiplexing                            superposition-coded multiplexing

Fig.2 TDM and SCM for the downlink

We can allocate coding rates and modulation orders properly for user A and B so that user B can recover the information symbols for himself while seeing the signal of user A as interference. Since the relative noise level of user A is lower than user B, A can also recover the data symbols for B (while seeing the signal of A as interference) and then subtract the data symbols for user B from the received signal. Now the received signal is composed of two parts: the signal for user A and the noise. As long as the information rate for A does not exceed the capacity of the channel without any interference, user A can recover the information for himself. As stated above, the two users can both get the information belonging to them.

The following shows a few examples of superposition-coded multiplexing. Fig. 3 illustrates the transmit constellations generated by overlapping BPSK and 16QAM constellation and overlapping QPSK and 16QAM constellation. It can be seen that the transmit constellation is the superposition of two original constellations (BPSK or QPSK and 16QAM).
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Fig. 3 Illustration of superposition-coded multiplexing using different constellations

Fig.4 illustrates the received constellations of the two users who have different distances from the BS under SCM by overlapping BPSK and 16QAM. Due to the difference of the relative noise levels, the received constellations fuzz differently. The far-end user has a weaker received signal and the relative noise level is higher, so the constellation fuzzes worse and the 16QAM constellation can hardly be recognized. Nevertheless the BPSK constellation is still recognizable and the information modulated by BPSK can be well demodulated by the far-end user. For the near-end user, the relative noise level is lower, so the received constellation only fuzzes slightly. Not only the BPSK constellation but also the 16QAM constellation is recognizable. The near-end user can first distinguish which point of BPSK constellation contains the 16QAM constellation (demodulating the far-end user), and then distinguish which point of the 16QAM is transmitted (demodulating the near-end user himself). In this way the two users can successfully acquire the information of their own according to their capabilities.
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Fig.4 Received signal of BPSK and 16QAM overlapping each other

It is well known that the channel capacity scales nonlinearly as the SNR increases. At the low SNR regime, increasing the SNR by 3 dB leads the capacity to double, while at the high SNR regime, increasing the SNR by 3 dB only leads the capacity to increase by 1bit/s/Hz, i.e. the increased proportion is diminishing, which is demonstrated in Fig. 5.
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Fig. 5 The nonlinear relationship between the channel capacity and the SNR

When the total transmit power is allocated to the near-end user only or the far-end user only, due to the difference of distances from the BS, the two users will work at a high SNR point and a low SNR point respectively. If the high SNR user is served, then decreasing the transmit power by 50% or 75% only leads to a capacity loss of 1 or 2 bits. If the decreased power is allocated to the low SNR user, because of the high relative noise level, the interfering signal from the other user does not affect the SNR significantly, then the added power can lead to a remarkable capacity increment of the low SNR user.

We put up a quantitative example to demonstrate the downlink throughput improvement of superposition-coded multiplexing over traditional TDM.

We consider a downlink AWGN channel with two users. The SNRs of the two users are 5dB and 15dB. Under TDM the coding and modulation scheme selected for the two users are shown in Table 1 and the users’ throughputs are calculated. The throughputs are multiplied by 1/2 because each user only occupies 1/2 of the time slot.

	
	Coding rate
	Modulation
	Throughput
	BER

	Far-end user
	1/2
	8PSK
	1/2×1.5bit/sym
	0.1e-3

	Near-end user
	2/3
	64QAM
	1/2×4bit/sym
	0.58e-3


Table 1. Throughput performance of TDM in the downlink AWGN channel

Then under superposition-coded multiplexing, using proper power allocation, the actual SINRs of the two users are 1.55dB and 8.52dB. Then corresponding coding and modulation schemes are selected for the two users, as shown in Table 2. The throughputs of the two users are also listed in Table 2.
	
	Coding rate
	Modulation
	Throughput
	BER

	Far-end user
	1/2
	QPSK
	1bit/sym
	0.59e-3

	Near-end user
	5/8
	16QAM
	2.5bit/sym
	0.58e-3


Table 2. Throughput performance of SCM in the downlink AWGN channel

From the two tables we can see that the throughput improvements of the far-end user, the near-end user and the whole downlink are 33%, 25% and 27% respectively.
Conclusion

The proposed superposition-coded multiplexing scheme can provide remarkable improvements of the spectrum efficiency and user throughput, which is an advisable supplement to the downlink multiplexing schemes for the IEEE 802.16m.

Further study includes the combination of the proposed SCM and OFDMA and related resource allocation issues.
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