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1. Introduction
In E-UTRA uplink, the H-ARQ chase combining scheme was agreed as a baseline according to RAN2’s common sense for synchronous non-adaptive H-ARQ. For H-ARQ chase combining scheme in uplink multi-user MIMO, it was proposed to use a set of Fourier matrices for intra-cell interference cancellation between a pair of UEs[2]. To cancel the interference, a UE shifts the phase of retransmission symbols by (–radian compared to its first transmission and combines two symbols with cumulative pre-combining process. However, (–radian shift method mandates the use of a kind of cumulative pre-combining for the H-ARQ chase combing scheme which requires much larger complexity than the bit-level LLR combining. Moreover, there is restriction on the application of this method when the uplink UE-specific bit-level scrambling code, which was agreed in the last meeting, is used. In this contribution, a simple bit-level masking method combined with UE-specific bit-level scrambling code is proposed to provide an efficient method for mitigating interference between a pair of UE in a cell as well as inter-cell interference when the H-ARQ chase combining scheme in uplink multi-user MIMO is applied. In addition, the link performance for the proposed method is evaluated by simulation.
2. The bit-level masking method combined with UE-specific scrambling codes
2.1. Inter-UE interference in uplink multi-user MIMO
Uplink multi-user MIMO scheme is considered a candidate scheme for LTE as shown in Figure 1. In case of multi-user MIMO, when more than two UEs simultaneously try to access same sub-band resource and eNode B detects symbols from UEs with sub-optimal receiver such as MMSE equalizer, it is inevitable to have residual Inter Symbol Interference (ISI) at the eNode B. This inter-user interference can be mitigated by scrambling code specific to each UE in some degree. However, it is required to accommodate enhanced interference mitigation scheme to enhance system performance.
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Figure 1: UL Multi-user MIMO
2.2. Design metric of bit-level masking method for inter-UE interference cancellation within a cell
When HARQ chase combing is used and two UEs use same radio resource, if the constellation of second transmission of one of the UEs is rotated by (-radians compared to that of its first transmission, the interference affecting the data received from the other UE can be cancelled at eNode B. In this sense, we propose a method of (-radians shift in bit-level. More specifically, with bit masking which applied to UE specific scrambling code for retransmission, a UE can rotate the phase of symbol for second transmission. Figure 2 shows an example of bit masking for (-radians shift. Symbol A (00) is moved to other symbols B, C or D by bit masking patterns, (+1 -1), (-1 -1), or (-1 +1) respectively. With the bit masking pattern of (-1 -1), the interference caused by other UE in a cell is cancelled.
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Figure 2. Example of bit masking pattern for phase rotation of symbol
The principle above based on the manipulation of phase by bit masking is used in canceling the residual ISI at MMSE sub-optimal receiver. Figure 3 shows another example of bit-level masking for (-radians shift. In first transmission, a group of symbols, s1(A), s2(C), s3(D), and s4(B), is transmitted sequentially, where si(X) is the ith symbol which is mapped to candidate symbol X on the constellation. On the other hand, in second transmission, because the phases of the symbols in the group are changed by (-radians, each symbol becomes to s1(C), s2(A), s3(B), and s4(D) respectively.
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Figure 3. Proposed HARQ method for residual ISI cancellation
The (-radians phase rotation in symbol level is able to be implemented by bit masking as shown in Table 1, bit masking patterns for QPSK and 16 QAM which use gray mapping.
	
	Bit Masking Patterns

	QPSK
	-1 -1

	16 QAM
	-1 -1 +1 +1


Table 1. bit making pattern for pi radian phase shift
2.3. Proposed combination of the bit-level masking and UE-specific scrambling codes in multi-cell environments
When bit-level masking is applied to UE-specific scrambling code which mitigates inter-cell interference in multi-cell environment, additional gain is expected. In Case 1 of Figure 4, as is explained in the previous section, interference can be significantly mitigated by the (-radians phase shift when only one of the paired UEs uses bit masking. 
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(a) Case 1: Assignment of UE specific scrambling code wit bit masking for ISI cancellation
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(b) Case 2: Assignment of UE specific scrambling code with bits masking for diversity gain
Figure 4. the methods of assignment of scrambling code with bit masking code in multi-cell environment
However, as shown in Case 2 of Figure 4, when both paired UEs change their phases of retransmission, there is another additional gain of bit-level masking, diversity gain coming from channel selectivity and constellation rearrangement. 
3. Simulation Modeling and Parameters

The proposed UE-specific scrambling code with bit-level masking is evaluated by computer simulation with the parameters in Table 2. We assume that the number of UE which simultaneously share the same time-frequency resource is two and interference from other cell is precluded to observe the effect of residual ISI cancellation or mitigation only. 
	Parameter
	Value
	Parameter
	Value

	Transmission Bandwidth
	10MHz
	Number of RBs 
	5

	NFFT
	1024
	Channel model 

/  UE speed
	Typical urban
 / 3km/h, 30km/h

	Usable sub-carriers 
	600
	MCS levels
	QPSK, 16QAM 

1/2 code rate

	Sub-carrier spacing
	15KHz
	HARQ
	Chase combining

	Sub-frame duration/TTI
	0.5ms/1ms
	Receiver

/ Channel estimation
	MMSE equalizer. 2Rx
/ Perfect


Table 2. Simulation parameters for Multi-user MIMO
4. Simulation Results

Figure 5 shows the link performance of the proposed UE specific scrambling code with bit-level masking for Case 1 of Figure 4. For the exact evaluation of expected interference cancellation gain, we assume the repeated retransmission (chase combining). Compared with the conventional scrambling code in low mobility (3km/h), proposed UE specific scrambling code with bit masking has SNR gain of around 1.2dB as shown in Figure 5-(a). Figure 5-(b) shows the link performance of proposed UE specific scrambling code with bit masking at the UE speed of 30km/h. As UE speed increases, the difference between UE specific scrambling code with bit masking and conventional UE specific scrambling code decreases.
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(a) TU channel, mobility: 3km/h                        (b) TU channel, mobility: 30km/h 
Figure 5. Link performance of proposed scrambling code for QPSK

Figure 6 compares the FER performances of the UE specific scrambling code with bit masking for Case 2 of Figure 4 and conventional UE specific scrambling code at the UE speed of 3km/h. For high order modulation such as 16 QAM, there are two types of gain, residual ISI cancellation or mitigation gain and diversity gain. If a bit masking pattern applies to both UEs, e-NodeB can obtain performance improvement of around 3dB as shown in Figure 6-(a).
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(a) TU channel, mobility: 3km/h                        (b) TU channel, mobility: 30km/h 

Figure 6. Link performance of proposed scrambling code for 16 QAM

5. Conclusion

In this contribution, the feasibility of bit-level masking is evaluated as a method of mitigating inter-UE interference in uplink multi-user MIMO. Bit-level masking mitigates interference effectively with lower complexity due to LLR combining compared to symbol-level combining which causes restriction on transmission scheme. Furthermore, it is observed that there is additional gain from diversity when the bit-masking is applied to both UEs.
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