3GPP TSG RAN WG1 Meeting #81
                                                                          R1-152974
Fukuoka, Japan, 25th - 29th May 2015
Source: 
ZTE

Title:

Potential transmission schemes for MUST
Agenda Item:
6.2.7.3
Document for:
Discussion 

1. Introduction
In this document, we compare the rate regions between MUST and orthogonal multiple access (OMA) scheme. Potential transmission schemes for MUST are presented, together with discussion on UE receiver consideration.
2. Capacity Boundary Comparison

Let us recall a general case for MUST scheme: the transmit signal is the power domain superposition of the signals of  two users. The near UE receiver performs SIC and the far-away UE receiver decodes its data directly. The near UE has better “geometry” or average SINR than the far-away UE for general downlink channel. In constrast, a general case for OMA scheme: The transmit signal is the combination of orthogonal signals for two users in legacy method. Each UE decodes its data independently with no significant interference from each other. The fraction α of the degrees of freedom is allocated to the far-away UE and the rest 1-α to the near UE.
Fig.1(a) shows the theoretical boundaries of rate pairs (in bits/s/Hz) achieved by MUST and OMA in the case of two user downlink AWGN channel. Their SNRs are 0 and 20dB, respectively. The split in power or in degrees of freedom can vary in order to obtain the rate region. Obviously the boundary of MUST scheme is strictly better than that of OMA scheme. Furthermore we intend to maintain a reasonably good rate of the far-away UE (UE 2) by putting more focus on the rate of the far-away UE in the range of 0.5 to 1. The gap between the boundaries is significant in this operating range. Note that, MUST can also provide a very reasonable rate to the near UE(UE 1) ,while achieving close to the single-user bound for the far-away UE.  Fig.1(b) shows more realistic performance: link level simulation result with a set of points for different combinations of MCS levels , the split in power or degrees of freedom. Again, significant gap is observed between MUST and OMA.  
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Fig.1 The theoretical boundary and preliminary link level simulation result achieved by MUST and OMA.
3 Potential Transmission Schemes
It is observed that the combined constellations of direct power domain superposition are not Gray labeled. In contrary, the constellation of enhanced MUST is Gray labeled [2]. How to achieve Gray-nature mapping in the superimposed signal? Two schemes can be considered
· XOR operation of  coded bits before combination

· Flipping the modulated symbols before combination
Fig. 2 shows combined superposition symbol with Gray labeled by XOR operation of coded bits before modulation. First, the coded bits of near UE (UE1) are modified in accordance to the coded bits of far-away UE (UE2). In other words, the coded bits of UE1 would XOR the coded bits of the far-away UE (UE2) before modulation. Then, the XOR modified coded bits of UE1 and the original coded bits of UE2 are modulated. Next, the transmitter allocates appropriate power for modulated symbols for UE1 and UE2. In the end, amplitude-weighted symbols of UE1 and UE2  are summed up to result in combined constellation symbols with Gray labeled.
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Fig.2 Combined superposition symbol with Gray labeled by XOR operation before modulation
An example is illustrated in Fig. 3 where QPSK modulated symbols of two UEs are superimposed. The power ratio is 4: 1. The bit mapping of the high powered user (UE2) is still the traditional Gray mapping. However, for the low powered user (UE1), its constellation depends on the coded bits of UE2. In the case that the superposition is between “00” of UE2 and “10” of UE1,  bold “10” of UE1 in the upper-right is replaced by the result of XOR operation (exclusive OR) between bits of UE1 and bits of UE2. Then the result will be modulated using QPSK. The similar method can be applied for other possible combinations of bits for UE1 and bits for UE2. As a result, the superimposed constellation has the characteristics of Gray constellation.
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Fig. 3 An example of achieving Gray constellation via XOR operation. Two QPSK signals with power ratio = 4: 1

Another MUST scheme is illustrated in Fig. 4 where Gray labeled constellation is achieved by flipping modulated symbols of UE1. 
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Fig.4 Combined superposition symbol with Gray labeled by flipping after modulation

For example, as seen in Fig. 5 where two QPSK modulated UEs are superimposed [2]. The power ratio is 4: 1. The bit mapping of the high powered user is still the traditional Gray mapping. However, for the low powered user, its constellation symbols depend on the constellation points of the high power user. In the case that the superposition is between “00” of high power user and a constellation point of low powered user, the upper-right four points (which are the original Gray mapping of QPSK) would be used for the low powered user. Similarly, if the superposition is between “10” of high power user and a constellation point of low powered user, the upper-left four points (which are the horizontally flipped version of the original Gray mapping) are to be used for the low powered user. As a result, the superimposed signal has the characteristics of Gray constellation via such simple flipping.
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Figure 5 An example of bit mapping for the low powered user flipped vertically or\and horizontally, two QPSK signals with power ratio = 4: 1

It has been proved in [3] that when ML receiver is used, the gray labeled superposition scheme can enhance the decoding performance compared to without gray labeled superposition scheme in. In Fig. 6, we confirm that the enhanced MUST scheme (superimposed signal with Gray labeled) in general can provide capacity gain over direct superposition (without Gray labeled) when symbol-level SIC receiver is assumed. It can approach the performance of codeword SIC receiver, but with much lower implementation complexity. 
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Figure 6 Rate pairs (in bits/s/Hz) achieved by Codeword SIC (of direct superposition), Enhanced MUST, Symbol-level SIC (of direct superposition). SNR of UE1 is 20dB, SNR of UE2 is 0dB
Finally, in order to investigate the potential gain of transmission schemes for MUST, it is necessary to study several enhanced MUST schemes with Gray constellation. Signaling for MCS and power allocation factors in those schemes should be further studied, and robust performance and minor complexity increase for UE receiver interference cancellation should be considered compared with Rel-12.
4. Conclusions

In this contribution, capacity boundary comparison between MUST and OMA scheme was studied, and a preliminary link level simulation was shown for the interesting rate of the far-away UE in the range of 0.5 to 1. Three potential transmission schemes for MUST were discussed.
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Appendix: Detailed evaluation assumptions

Link-level simulation parameters are listed as below.
	Parameter
	Unit
	Value

	Channel model
	-
	AWGN

	SNR
	dB
	0 (far-away UE), 20 (near UE)

	Channel coding
	-
	Turbo

	Code rate 
	
	1/120~ 119/120

	Interleaver length
	
	far-away UE: 400~800

	
	
	near UE: 1000~3000

	Turbo decoding iterations
	
	10

	Data modulation
	-
	far-away UE: QPSK, 16QAM, 64QAM

	
	
	near UE: QPSK

	Power allocation(far-away UE : near UE)
	-
	0.7 : 0.3, 
0.8 : 0.2, 
0.9 : 0.1

	Degrees of freedom (far-away UE : near UE)
	-
	0.1~0.9



































