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1. Introduction
In [1], we proposed a novel multi-user superposition transmission scheme based on dirty paper coding. This scheme can be classified as “MUST Category 1” defined in [2].
In this contribution, we discuss some implementation configurations of our scheme for LTE PDSCH with the assumption that the same codebook based MIMO transmission is used for the two superposed UEs. Furthermore we present some link level simulation results.
2. [bookmark: _Ref418859445]Transmitter and receiver structures
In this contribution only one case that two superposed UEs using same MIMO transmission mode is considered. A simple MUST scheme based on Tomlinson-Harashima precoding (THP) is demonstrated in Figure 1. TBi,j, which is encoded and modulated according to the conventional LTE coding and modulation scheme [3], refers to the jth transport block of the ith UE. Pi, which satisfied P1 + P2 =1, refers to the power allocation factor of UEi. xi,j refers to the jth layer symbol of the ith UE. The layer mapper processes the modulated symbols according to section 6.3.3 of LTE Rel.12 [4].


[bookmark: _Ref427067001]Figure 1 MUST scheme based on THP.
The pre-cancellation module of UE1 performs the operation of P1x1,i - P2α1,ix2,i, where α1,i is the equalize coefficient applied to receiver of UE1 in the ith layer. And the following MOD operation, which is used to restrict the transmitted power of UE1, can be defined as

	 


[bookmark: OLE_LINK7][bookmark: OLE_LINK8]where  represents the largest integer less than or equal to . The value of A is relevant to modulation type, which is given in Table 1.
[bookmark: _Ref430683122]Table 1 The value of A.
	Modulation
	Value

	QPSK
	


	16QAM
	


	64QAM
	



Figure 2 depicted the receiver structure of UE1. Compared with conventional receiver, the only difference is the MOD operation before MIMO receiver. Because the interference from UE2 had been pre-cancelled by using Tomlinson-Harashima precoding in the transmission of UE1, the simple single user receiver can be used directly. 
The normal receiver is used for UE2 treating signals from UE1 as noise. Thus some SNR loss will be introduced with conventional single user receiver.


[bookmark: _Ref430691310]Figure 2 Receiver structure for UE1
From the above analysis, it can be seen that the most significant advantage of the proposed scheme in [1] is reducing implementation complexity with simple transmitter and receiver structure instead of complicated interference-cancellation receiver in conventional superposition scheme without performance loss.
3. Link level simulation
In this section, we focus on link level performance of the MUST scheme based on THP. We assume that two users share the same time-frequency resource.


In our simulations, a parameter α (0<α<1) is defined as the power split factor, then the transmitting power of UE1 and UE2 can be expressed as and  respectively. For the purpose of receiving reliability of UE2, α is set between 0.5 and 1. 
The preliminary link level simulation results are shown in the following figures (Figure 3 ~ Figure 7). Figure 3, Figure 4 and Figure 5 show the output constellations of UE1 from some key modules. It can be seen that the proposed scheme has the same receive constellations as direct superposition. Because of the interference pre-cancellation employed by UE1, the output constellations of MOD operation in receiver of UE1 are the interference-free constellations of UE1. UE1 can adopt the simple single user receiver, rather than the interference cancellation receiver adopted by direct superposition transmission scheme.
[image: ][image: ][image: ]
	(a)
	(b)
	(c)


[bookmark: _Ref430856097]Figure 3 Output constellations of UE1 from some key modules when UE1 and UE2 adopt QPSK and QPSK modulation respectively.α=0.952. SNR = 30dB. (a) Output constellations of UE1 after Tomlinson-Harashima precoding. (b) Received constellations of UE1. (c) Output constellations of UE1 after MOD operation in the receiver.
[image: ][image: ][image: ]
[bookmark: _Ref430856554]Figure 4 Output constellations of UE1 from some key modules when UE1 and UE2 adopt QPSK and QPSK modulation respectively.α=0.762. SNR = 30dB. (a) Output constellations of UE1 after Tomlinson-Harashima precoding. (b) Received constellations of UE1. (c) Output constellations of UE1 after MOD operation in the receiver.
[image: ][image: ][image: ]
[bookmark: _Ref430856563]Figure 5 Output constellations of UE1 from some key modules when UE1 and UE2 adopt QPSK and QPSK modulation respectively.α=0.952. SNR = 30dB. (a) Output constellations of UE1 after Tomlinson-Harashima precoding. (b) Received constellations of UE1. (c) Output constellations of UE1 after MOD operation in the receiver.
Figure 6 and Figure 7 illustrate the Bit error rate (BER) performance comparison between our scheme and the direct superposition transmission scheme without channel coding and MIMO precoding under AWGN channel. From the simulation results, the following observations can be concluded.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Observation 1: The BER performance of THP is irrelevant to the power and modulation type of interference UE for the near user. The main reason is that interference has been cancelled in the transmitter.
Observation 2: The BER performance of THP is superior to DSC, because interference cancellation receiver has the error propagation problem.
[bookmark: _GoBack][image: ]
[bookmark: _Ref430879139]Figure 6 BER comparison between MUST schemes based on Tmolins-Harashima precoding (THP) and direct superposition coding (DSC) of UE1.
[bookmark: _Ref430856195][image: ]
[bookmark: _Ref430964098]Figure 7 BER comparison between MUST schemes based on Tmolins-Harashima precoding (THP) and direct superposition coding (DSC) of UE2.
Observation 3: Because both schemes employ the same transmitter and receiver structure for UE2, they have the same BER performance under the same condition.
4. Conclusion
In this contribution, we propose to consider the link level MUST configurations defined in section 2 as simulation assumptions for performance evaluation of MUST scheme based on our proposed scheme in [1]. 
Based on the preliminary link level simulation results, we have the following observations:
Observation 1: The BER performance of our scheme is irrelevant to the power and modulation type of interference UE. The main reason is that interference has been completely cancelled in the transmitter.
Observation 2: The BER performance of THP is superior to DSC, because interference cancellation receiver has the error propagation problem.
Observation 3: For UE2, because the interference from UE1 is regarded as noise to UE2, the more power be allocated, the better performance it can obtain.
Observation 4: Because both schemes employ the same transmitter and receiver structure for UE2, they have the same BER performance under the same condition.
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