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1. Introduction

Although some contributions [1], [2], and [3] etc. has been presented to clarify the link level performance and complexity issues between LMMSE and the SIC receivers, several issues related to its link level performance and complexity are yet to be studied and resolved due to the fact that the SIC receiver had never been studied extensively in 3GPP when compared to the LMMSE receiver, which displays a fully understanding to people for its long history of investigation and amateur applications widely used in communication systems. 

In this contribution, we focus our study on the link level performance of 2x2 PARC for both LMMSE and SIC when the signal goes through a PB3 channel with the existence of more frequency selective. With no exception effects of different ADC resolutions on the performance are also discussed. 

2. Simulation Methodology and Assumptions

The block diagrams of the LMMSE-type receiver and the SIC-type receiver for a 2X2 PARC scheme are shown in Figure 1 and Figure 2 respectively. It is evident from the Figure 1 in comparison with Figure 2 that two parallel processes including de-spreading, de-mapping, de-interleaving, Turbo decoding and CRC checking etc. are used for data stream 1 and date stream 2 in LMMSE-type receiver whereas in SIC-type receiver two data streams cannot be decoded at the same time since the decoding of data stream 1 needs to be completed prior to decoding the data stream 2. This operation aims to decode the data stream 1 in the one hand, and in the other hand to reconstruct the data stream 1 before LMMSE for the interference cancellation from the total received signals, which is helpful to decode the data stream2. 
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Figure 1. LMMSE receiver for 2x2 PARC
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Figure 2. SIC
In this contribution, the link performance is compared based on the simulation assumptions listed in Table 1. The results in this contribution assume perfect channel estimation. Further study needs to be done when actual channel estimation is used. 
Table 1: Link level simulation assumptions for MIMO WCDMA

	Bandwidth
	5MHz

	Frame duration
	10ms

	Slot number during a frame 
	15

	Chip number during a slot 
	2560

	Sampling rate
	3.84Mbps

	Spreading factor
	16

	Transmitting filtering
	4×Oversampling


	Channel estimation
	Perfect

	Synchronization
	Perfect

	Channel model
	MIMO 996 channel（PB, PA）

	UE speed
	3km/h

	MIMO configuration
	2Tx, 2Rx

	Multi-antenna detecting
	LMMSE, SIC


3. Simulation Results

In this contribution we study first the performances of two types of receivers in Figure 3 with PA3 propagation channel utilized. One of both receivers is for the case of despreading prior to MMSE, the other one is for the case of MMSE prior to despreading. From Figure 4, where QPSK rate 1/2 is used, there is almost no difference on performance measured by the metircs of raw BER, BER, PER, respectively. This also agrees with other MCS. However, in view of complexity much computiation work can be reduced if despreading is executed before MMSE because a symbol level detecting is available with the way of despreading first whereas the way of MMSE first do a chip level detecting.
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（a）Block diagram of despread prior to MMSE detection
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（b）Block diagram of MMSE detection prior to despread

Figure 3: Two types of 2x2 PARC LMMSE receiver
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Figure 4: Performance of two types of LMMSE receivers

Regarding how more frequency selective channels apply to LMMSE and SIC receivers PB3 is used in our simulation. Around 1dB (measured at 10% PER) link level gain of SIC over LMMSE is available for QPSK rate 1/2 in Figure 5, which affirms the advantage of interference cancellation with signal reconstruction. However, the error floor appears in Figure 6 at a sufficiently high Eb/N0 for SIC with high order MCS of 16QAM rate 1/2. At this moment the gain of SIC over LMMSE becomes negative. That is to say, SIC may start to perform worse than LMMSE due to the existence of an error floor potentially leading to irreducible PER.
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Figure 5: LMMSE vs. SIC for low-order MCS: floating point simulations
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Figure 6: LMMSE vs. SIC for high-order MCS: floating point simulations

Furthermore, we evaluated the effect of the number of ADC bits, 4, 6, and 8, on the performance of 2x2 PARC for both LMMSE and SIC under the propagation environment of PB3. PER curves with 4, 6, 8 bits quantization were also in comparison with one with floating point computation.  The results for low order MCS of QPSK rate ½, high order MCS of 16QAM rate ½ are depicted in Figure 7, Figure 8, respectively, from which we may have the following conclusions: 

· The errors from ADC become relatively serious if a higher order MCS is used. This holds for both LMMSE and SIC receivers.

· ADC converter brings little performance deterioration for LMMSE when compared to SIC. 

· As for SIC, the performances of various ADC resolutions are relatively close to each other when a low order MCS is used while at high order MCSs 4 bit quantizaiton is not acceptable. 

The ADC SNR has been validated the values of 13dB, 25dB, and 33dB for 4 bits, 6 bits, and 8 bits, respectively. Considering the requirement that the ADC SNR be larger than channel SNR to reduce the negative effects of quantization error, 6 bits ADC is suggested here for both LMMSE and SIC receivers.
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Figure 7: LMMSE and SIC performance with different number of ADC bits for QPSK R=1/2
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Figure 8: LMMSE and SIC performance with different number of ADC bits for 16QAM R=1/2
4. Conclusions

In this contribution, we give insights into the performances of LMMSE and SIC receivers for low and high order MCS combining with various ADC resolutions and the results are fully discussed. Several conclusions have been drawn as a result. Firstly, the error performances, whether dispreading is prior to LMMSE or not, is very close to each other. However, we prefer the methodology of dispreading up front from the view of delay and complexity. Secondly, SIC has a considerable advantage over LMMSE when the channel is flat and this effect will be fading when the channel has more frequency selective. Furthermore, SIC performs well only at a relative low Eb/N0 when high order MCS is used although for low order MCS SIC is 1 dB gain over LMMSE on most occasions. Finally, 4 bits ADC is not suitable for applications and 6, 8 bits ADC both can meet performance requirements well so 6 bits ADC is suggested in this contribution for the consideration of memory size. For more, SIC displays higher dependency on ADC SNR especially at high order MCS, when compared to LMMSE.
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