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1 Introduction
Performance of the chip-level and symbol-level equalizing for MIMO HSDPA has not been extensively studied in 3GPP. This document helps to learn more of chip-level and symbol-level combining with LMMSE and SIC from the view of PER performance.
2 Receiver Structures and Assumptions
The block diagrams of the chip-level and symbol-level detection for the LMMSE and SIC receivers are depicted  in Figure 1, Figure 2, Figure 3 and Figure 4 respectively. As for the LMMSE-type receiver, 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 whereas for the 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 reconstruct the data stream 1 after the data stream 1 is decoded, which is helpful to decode the data stream2. The simulation assumptions are listed in Table 1.
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Figure 1 chip-level MMSE detection model
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Figure 2 symbol-level GRAKE MMSE detection model
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Figure 3 chip-level SIC detection model
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Figure 4 symbol-level GRAKE SIC detection model
Table 1  MIMO HSDPA simulation assumptions
	Bandwidth
	5MHz

	LengthOfFrame
	10ms

	NumOfSlot
	15

	NumOfChip per slot
	2560

	ChipRate
	3.84Mbps

	Spreading Factor
	16

	RateOfOversample
	4

	Channel estimation
	Ideal

	Synchronization
	Ideal

	MIMO Channel 
	MIMO 996 channel（PA）

	Mobile Speed
	3km/h

	Tx 、Rx
	2Tx 、2Rx

	Detection
	MMSE、SIC


3 Simulation Results
Figure 5 (a)-(d) is the PER performance for four MCSs with chip-level and symbol-level equailizing receivers used in PA channel. Two conclusions are:
(1) PER performance of GRAKE symbol-level equalizing is superior to chip-level equalizing for most cases due to the advantage of GRAKE multipath process. The GRAKE symbol-level equalizing separates multipaths first and then combines them by MMSE while the chip-level equalizing does MMSE detection without multipath separation. 
(2) With MCS order increased, the performance gap between chip-level LMMSE and chip-level SIC become smaller. This trend does not seems so obvious for symbol-level equalizing.

(3) SIC has gain over MMSE, especially when MCS is low. The gap of PER performance will be smaller if the MCS order becomes higer. This means the interference regeneration of SIC may reduce the benefits of interference mitigation techniques.
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（a）（QPSK，Rc=1/2）               

   

  （b）（QPSK，Rc=3/4）
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（c）（16QAM，Rc=1/2）                


 （d）（16QAM，Rc=3/4）
Figure 5 PER performance of receivers: chip-lelve vs. symbol-level, LMMSE vs. SIC
4 Conclusion

This contribution gives a comparison of PER performance between the LMMSE and SIC receivers with chip-level and symbol-level equalizing. Among the four receiver structures, the GRAKE SIC receiver displays the best performance than the other three receiver structures. It also should be noted that the complexity of receivers is not considered in this document.
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