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1 Introduction

The RAN1 was tasked by the TSG-RAN to provide conclusion on the performance of the Rel’7 UTRA MIMO by May 2006. This paper discusses performance and UE complexity issues on the Rel’7 UTRA MIMO schemes with consideration on some practical aspects in real implementation. Since the Rel’7 UTRA MIMO is considered as further enhancement over HSDPA enhanced receivers, the RAN1 should evaluate the technology whether it gives significant performance improvement in practice with considering its complexity impact to UE as well.
2 Overview of evaluation studies on Rel’7 UTRA MIMO scheme
2.1 Throughput performance improvement
UTRA HSDPA throughput has been already improved by applying enhanced receivers such as type 1 (Rx diversity), type 2 (LMMSE), and type 3 (Rx diversity and LMMSE) receivers. Since the Rel’7 UTRA MIMO is considered as further enhancement, it should provide significant performance improvement over those receivers. The table 1 summarises these throughput performance comparisons. The case-1 of the table is for the performance comparison of type 2 and type 3 receivers in RAN4 [1-2], and the case-2 for the performance comparison of Rel’7 UTRA MIMO schemes  (PARC and D-TxAA) with the type 3 receiver as a reference in [3-7]. 
2.2 UE Complexity 
UE complexity has been analysed for various UTRA enhancements. In comparison of type 2 and type 3 receivers, the complexity of RF and chip processing chains of type 3 receiver is about double that of the type 2 receiver. On the other hand, the complexity increase of symbol processing and bit processing chains by the type 3 receiver is mainly additional LMMSE part, which is estimated as about 20% of the corresponding part of the type 2 receiver. The UE baseband complexity of the Rel’7 UTRA MIMO were analysed in detail by [8-10] for the PARC with SIC. The UE baseband complexity of the D-TxAA is estimated similar to PARC under the same receiver type (with LMMSE or SIC).
2.3 Performance and complexity trade-off

Since the simulation scenarios and assumptions are different in the two cases in Table 1, the direct comparison of the two cases is not appropriate. However, relative comparison can give us how significant levels of throughput enhancements are among type 2, type 3, and Rel’7 UTRA MIMO. Although the complexity increase is large over the type 2 receiver, the type 3 (1x2 LMMSE) receiver gives significant performance improvement, which can justify this UE complexity increase.  On the other hand, the performance improvement of the Rel’7 UTRA MIMO is 10-20% in most studies. Although the ref [10] claims that the SIC complexity increment would be approximately 45% in the context of the total WCDMA complexity, the complexity of the type 3 receiver is already large, and that incremental baseband complexity is hardly justified by the 10-20% performance improvement.
Table 1: Comparison of throughput performance and UE complexity 
among UTRA enhancement schemes
	Scheme
	Throughput Performance
	UE Complexity

	
	Case-1
	Case-2
	Case-1
	Case-2

	Type 2

(1x1, LMMSE)
	1.0 (ref) [1]
	N/A
	1.0 (ref)
	N/A

	Type 3

(1x2, LMMSE)
	1.23~1.85

(PA3) [2]

1.36~1.85

(VA30) [2]
	1.0 (ref)
	2.0 for RF and chip processing

1.2 for symbol and bit processing
	1.0 (ref)



	PARC w/SIC

(2x2)
	N/A
	1.16 [4]

1.37 [5]

1.12 [7]
	N/A
	(for baseband complexity only)

6~8.7 [8]

2.3 [9]
Less than 2.8 [10]

	D-TxAA

(2x2)
	N/A
	1.1 [3]

1.15 [5]

PARC×1.1~1.2[6]

1.12~1.17 [7]
	N/A
	Comparable to PARC


3 Discussion

The performance study of Rel’7 UTRA MIMO schemes is done under the ideal condition for the following aspects.
· Path timing detection
· Channel estimation

· Antenna correlation
These factors lead to some performance degradation in practical receivers, but this impact is not always the same amount among receivers.  It is especially the case for sophisticated receivers incorporating replica-based interference canceller, resulting in less performance improvement than expected in simulation studies under ideal assumptions. It is because the interference canceller has more blocks than the LMMSE receiver, such as replica generation and cancellation which are subject to those impairments. For example, different path timings cause different multi-code interference in addition to interference among multiple streams. The orthogonality among multi-code signals easily breaks in multi-path environment, and the precise replica accuracy both in timing and channel estimate is required in the interference cancellation.
The RAN1 has a guideline to require a new technology to show significant performance gain (for example, no less than 25-30%) in simulation study. Since the performance gain given in the simulation study is subject to disappear due to practical impairments, this guideline is the safer way to secure the performance improvement by applying a new technology in practice.
On the other hand, the estimate of the receiver complexity increase is almost unchanged from the study, unless the receiver employs further techniques in order to mitigate those impairments. This consideration indicates that performance and complexity trade-off of the Rel’7 UTRA MIMO is not better in practice than the one given by ideal simulation results. 
4 Conclusion

This paper discusses performance and UE complexity issues on the Rel’7 UTRA MIMO schemes with consideration on some practical aspects in real implementation. MIMO is one of the core technologies to improve spectrum efficiency and should be effectively exploited in radio technology evolution. However, its capability cannot be fully utilized under extra signal interferences in addition to interference among MIMO multiple stream signals. UTRA HSDPA can be one of these cases due to the break of orthogonality among multi-code signals, while LTE DL has great potential to enjoy full MIMO capability for its multi-path free nature.
Although the technology decision itself is the task of the TSG-RAN, RAN1 should be consistent in the principle to recommend the technology which has potential to give significant improvement in practical performance with allowable complexity increase.
References

[1] R4-050217, “Summary spreadsheet for LMMSE simulation results”, RAN4#34

[2] R4-051479, “Compilation of type 3 simulation results”, RAN4#37

[3] R1-060799, Nokia, “HSDPA MIMO Performance Results”
[4] R1-060937, Qualcomm Europe, “Performance of MIMO in Rel-7 with new evaluation scenario”
[5] R1-060940, Qualcomm Europe, “Preliminary Cell and User Throughput Comparison for 2x2 MIMO: D-TxAA and PARC”
[6] R1-061044, Motorola, “Further Results on D-TxAA and PARC”
[7] R1-061180, DoCoMo, “Investigation on Throughput Improvement by Rel. 7 MIMO”
[8] R1-060428, Texas Instruments, “Further Consideration of MIMO for Rel.7 WCDMA”
[9] R1-060939, Qualcomm Europe, “Incremental Complexity of SIC receivers for PARC”
[10] R1-061011, Ericsson, “Comments on the complexity of SIC-based receivers”
