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1. Introduction

It was demonstrated in [1,2] that the system level gain of 2x2 per-antenna rate control (PARC) over the baseline 1x2 system is heavily dependent upon the use of serial interference cancellation (SIC) receiver. The gain would otherwise be significantly smaller if the linear MMSE (LMMSE) receiver is used [1,2,3]. Unlike LMMSE receiver, however, the SIC receiver has not been extensively studied in 3GPP. While some system simulation results have been presented for SIC, several issues related to its link level performance and complexity are yet to be studied and resolved. An accurate understanding of the link level aspects of SIC is crucial as it affects the validity of the system level abstraction and modelling of the SIC performance for 2x2 PARC MIMO R7. Thus far, there has been no contribution that clearly describes the system level modelling for SIC even from the companies that use SIC in their simulation results.  More importantly, the accuracy of the system level modelling for SIC has not been verified via link level simulation especially with non-idealities such as channel estimation error and uncancelled voice interferers.
In [4], some complexity analysis was presented which indicated that there is some significant increase in complexity due to the additional chip or sub-chip buffering for the SIC receiver. For the analysis, an 8-bit buffer of two TTI’s is assumed. In response to the analysis in [4], contribution [5] commented that the 8-bit assumption was an overkill and suggested that a 4-bit ADC should suffice.
This contribution attempts to address some of the above issues from the link level performance perspective:
· Link level performance comparison between LMMSE and SIC for 2x2 PARC. 
· Link level performance of 2x2 PARC with different ADC resolutions (4, 6, and 8 bits). This is related to the additional buffering requirement for SIC
From the link level results presented in this document, we can deduce the following: 

· The link level gain of SIC over LMMSE (measured at 10% FER) ranges from ―1.5dB (loss) to +1dB (gain).  The gain becomes small or even negative for lower HS-PDSCH power and/or higher order MCS and/or more frequency selective channels. In some cases, SIC exhibits a noticeable error floor due to the uncancelled voice interferers. This error floor is absent for LMMSE under the same condition. Note that the existence of an error floor can potentially lead to irreducible FER (even after retransmissions) particularly at low mobility. It is not clear that this effect has been properly modelled in the system simulation results that have been presented thus far.
· PARC performs poorly with a 4-bit ADC. With an 8-bit ADC, its performance is very close to the floating point performance. This holds for both LMMSE and SIC receivers. Our link level results confirm the 8-bit assumption in [4] and refute the 4-bit claim in [5]. 
2. Simulation Methodology and Assumptions
A block diagram of the SIC-type receiver for a 2X2 PARC scheme is shown in Figure 1 below. Note that the chip-rate buffer in Figure 1 must use the same number of quantization bits as that dictated by the ADC resolution (=N bits per real value). The buffer is required for each branch (I and Q) of each of the to receive antennas. 
The simulation assumptions are given in Table 1. In this contribution, both LMMSE and SIC receivers are simulated for comparison. Also, the same MCS is used for the two PARC data streams. The results in this document assume perfect channel estimation. Further study needs to be done when actual channel estimation is used.
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Figure 1. SIC
Table 1: Link level simulation assumptions for 2x2 PARC
	MCS
	QPSK rate ½ and ¾ 

16QAM rate ½ and ¾ 

	Number of Walsh codes for PARC
	10

	HS-PDSCH power
	50%, 75%

	CPICh power
	10% total

	Voice users/interferers
	Remaining after HS-PDSCH and CPICh, distributed evenly across 2 transmit antennas

	Channel model
	Link level SCM case I and III [6]

	UE speed
	3 kmph

	Channel estimation
	Perfect

	ADC resolution (N) for each real value 
	4, 6, 8 bits per (I,Q) branch
Floating point simulation is used as a reference

	Receiver processing (after ADC)
	Chip-rate

	SIC assumptions
	- Perfect cancellation of CPICh
- Voice interferers are not cancelled


In our study, we use the average frame error rate (FER) as a function of geometry for comparison. The averaging is performed over fading realizations.
3. Simulation Results
The floating point comparison between LMMSE and SIC for 2x2 PARC is given in Figure 2 for different MCS levels. Here, P indicates the HS-PDSCH power relative to the total transmitted power. The following can be observed:
· The link level gain of SIC over LMMSE (measured at 10% FER) ranges from ―1.5dB (loss) to +1dB (gain).  The gain becomes small or even negative for lower HS-PDSCH power (50%) and/or higher order MCS and/or more frequency selective channels. 

· SIC exhibits an error floor due to the residual uncancelled voice interference. The error floor is particularly high (~10% FER) for 16QAM rate 3/4 with 50% HS-PDSCH power. This error floor is absent for LMMSE under the same condition. In general, for each scenario SIC may start to perform worse than LMMSE at a sufficiently high SNR. Note that the existence of an error floor can potentially lead to irreducible FER (even after retransmissions) particularly at low mobility. It is not clear that this effect has been properly modelled in the system simulation results that have been presented thus far.
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Figure 2. LMMSE vs. SIC for different MCS combinations: floating point simulation

Next we investigate the effect of quantization (the number of ADC bits) on the performance of 2x2 PARC for both LMMSE and SIC. The results are depicted in Figure 3, 4, 5, and 6 for QPSK rate ½, QPSK rate ¾. 16QAM rate ½, and 16QAM rate ¾, respectively.  It can be observed that 2x2 PARC performs poorly with a 4-bit ADC. This holds for both LMMSE and SIC receivers. With an 8-bit ADC, its performance is very close to the floating point performance even for the higher order MCS. Hence, the link level results below confirm the 8-bit assumption in [4] and refute the 4-bit claim in [5].
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Figure 3. LMMSE and SIC performance with different number of ADC bits for QPSK R=1/2
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Figure 4. LMMSE and SIC performance with different number of ADC bits for QPSK R=3/4
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Figure 5. LMMSE and SIC performance with different number of ADC bits for 16QAM R=1/2
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Figure 6. LMMSE and SIC performance with different number of ADC bits for 16QAM R=3/4
4. Conclusions
As the system level performance of 2x2 PARC heavily depends on the use of SIC receiver, a more careful study on SIC is evidently warranted. Although some system simulation results based on SIC have been presented, the link level performance and complexity impact of SIC have not been thoroughly studied. This contribution attempts to address some of the pertinent issues from the link level performance perspective. From the link level results presented in this document, we can deduce the following: 

· The link level gain of SIC over LMMSE (measured at 10% FER) ranges from ―1.5dB (loss) to +1dB (gain).  The gain becomes small or even negative for lower HS-PDSCH power and/or higher order MCS and/or more frequency selective channels. In some cases, SIC exhibits a noticeable error floor due to the uncancelled voice interferers. This is absent for LMMSE under the same condition. Note that the existence of an error floor can potentially lead to irreducible FER (even after retransmissions) particularly at low mobility.
· PARC performs poorly with a 4-bit ADC. With an 8-bit ADC, its performance is very close to the floating point performance. This holds for both LMMSE and SIC receivers. Our link level results confirm the 8-bit assumption in [4] and refute the 4-bit claim in [5]. 
As a way forward, we suggest that the SIC receiver be studied more thoroughly in terms of its link level performance (e.g. the effect of channel estimation error, timing error). An accurate link level characterization of the SIC performance is essential to ensure its accurate system level modelling. Inaccurate system level modelling for SIC may lead to some faulty conclusions regarding the performance of PARC in relation to the performance of the baseline 1x2 system. 
While further study is also needed for 2x2 LMMSE receiver, the behaviour of LMMSE receiver is much better understood as 1x2 LMMSE has been extensively studied in RAN4 under different conditions.  Based on this fact, we suggest that LMMSE receiver be used as the baseline receiver for MIMO R7 evaluation at this point.
Some other issues related to implementation are discussed in a companion contribution [9].
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