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1 Introduction
In last RAN4 meeting, Rel-10 DL-MIMO test case design was initially discussed in [1] [2] [3]. Initial agreements have been reached on performance and CSI test. In this contribution, we share our proposals on several issues.
2 Discussion
2.1 RAN4 performance tests
An important new feature of Rel-10 DL MIMO is CSI-RS. The number of antenna ports used for CSI-RS can be 1, 2, 4 and 8. The density of the CSI-RS is 1 RE per PRB per port with a configurable periodicity within 5-80 subframes.  At the same time, the CSI-RS ports are only visible to the Rel-10 terminals in network. 
Normally, the sparse CSI-RS density would impact the CSI measurement. In last meeting, RAN4 agreed to follow the DL BF methodology for transmission mode 9 performance tests, which means that random PMI selection will be adopted in performance test. Given that the rank and reference channel are all fixed in performance test. There will be no impact to the demodulation performance due to the CSI-RS measurement.

Proposal 1: There will be no impact to the demodulation performance due to the CSI-RS measurement.

For SFBC and SFBC+FSTD transmission scheme, those symbols that do not contain CSI-RS have 12 available REs; for symbols containing CSI-RS there are only 11 available REs [6].  Currently in RAN1, there are three solutions for this issue. All these solutions will affect the PDSCH demodulation performance, but they will not affect the control channel performance as there is no CSI-RS in the first three symbols. So RAN4 needs to study the performance impact once RAN1 reaches agreement.
Proposal 2: RAN4 needs to study the impact on PDSCH performance due to the CSI-RS when SFBC transmission scheme is configured.
The multiple CSI-RS configuration is designed in RAN1 specification, which is intended to bring system performance gain. Performance impact should be studied under this scenario due to the code rate change caused by multiple CSI-RS configuration.  
Proposal 3: Performance impact should be studied when multiple CSI-RS configurations are used.
Considering the time frame for performance tests, the requirements assuming 2 Rx antennas should be prioritized. In this case, Low rank (rank 1 and rank 2) SU-/MU-MIMO operation is recommended in Rel-10 DL-MIMO test case design. For some scenarios, e.g., CPE, 4 RX may also need to be considered if there is any operators’ desire. 
For Rel-10 2Tx test cases, similar testing methodology of DL BF can be reused for TM9. Same as Rel-9 TDD DL BF, 2T2R is recommended since test purpose is to test channel estimation accuracy. Other antenna configurations are FFS. These test cases should cover 1 user 1 layer, 1 user 2 layers, 2 pairing users with 1 layer for each user as shown in Table 1. One example of proposed test cases is presented in Table 1: 

Table 1 – Test cases for TM9

	test
	scenario
	CHANNEL
	UE categories

	1.1
	RANK1-SU-QPSK 1/3
	2x2 Low
	1-8

	1.2
	RANK1-SU-16QAM 1/2
	2x2 Low
	1-8

	1.3
	RANK1-SU-64QAM 3/4
	2x2 Low
	1-8

	2.1
	RANK1-MU-QPSK 1/3
	2x2 Low
	1-8

	2.2
	RANK1-MU-16QAM 1/2
	2x2 Low
	1-8

	2.3
	RANK1-MU-[64QAM 3/4]
	2x2 Low
	1-8

	3.1
	RANK2-SU-QPSK 1/3
	2x2 Low
	2-8

	3.2
	RANK2-SU-16QAM 1/2
	2x2 Low
	2-8

	3.3
	RANK2-SU-[64QAM 3/4]
	2x2 Low
	2-8


For Rel-10 8Tx MU MIMO test, it is proposed that new performance tests focus on 8T2R MU-MIMO. Each user is scheduled on two layers in the case of two user pairing in Table 2.

Table 2 – Test cases for TM9

	test
	scenario
	CHANNEL
	UE categories

	4.1
	RANK2-MU-QPSK 1/3
	8x2 Low
	2-8

	4.2
	RANK2-MU-16QAM 1/2
	8x2 Low
	2-8

	4.3
	RANK2-MU-[64QAM 3/4]
	8x2 Low
	2-8


Considering the accuracy of channel estimation, PRB bounding may also need to be considered.  
2.2 RAN4 CSI tests
Redefined reporting modes have been introduced in Rel-10 e.g. PUCCH1-1, PUCCH2-1 if more than four CSI-RS ports are configured. In this case, UEs should report the wideband CQI, subband CQI, wideband PMI and differential PMI. PUSCH based reporting is naturally extended to Rel-10. The payload for UCI has been much enlarged, which may need to be considered in Rel-10 implementation.  In addition, PUCCH1-1 has two sub-modes and PUCCH2-1 has special definition as shown below: 

· PUCCH1-1 Reporting format

· Report 1: RI and W1, jointly encoded 

· Report 2: wideband CQI and wideband W2 

· If W2 codebook C2 is of size 1, wideband W2 is not signaled
· PUCCH2-1 reporting format

· Report 1: RI and 1-bit precoder type indication (PTI)

· Report 2: 

· PTI = 0: W1 will be reported 

· PTI = 1: wideband CQI and wideband W2 will be reported.
· Report 3: 

· PTI = 0: wideband CQI and wideband W2 will be reported.
· PTI = 1: subband CQI, subband W2.
Proposal 4: Redefined reporting modes should be tested in Rel-10 CSI requirements.
As the important enhancement of Rel-10 DL-MIMO, MU-MIMO would be widely used in real network. As shown in the Figure 1 and Figure 2 in Annex, the performance gain was achieved due to MU-MIMO transmission. To guarantee MU-MIMO performance gain in real network, new CSI test cases on MU-MIMO should be considered in RAN4.
Proposal 5: New CSI test cases on MU-MIMO should be considered in RAN4.

2.3 New test metric for CSI tests
In Rel-8/9 specification, throughout gain is used as one of the test metrics. The requirements are shown in Table 3 below. We can see that throughput gain ratio for RI test 1 is practically zero and there are two other tests that are 0.05. It looks like the performance improvement of adaptive RI and in some cases adaptive CQI is quite limited. However this is essentially caused by consideration on the receiver agonistic. The reference receiver used for alignment work is MMSE. Taking the diversity of realistic UE implementation into account, the performance requirements were relaxed for some cases.

In RI test 3, the test metric is defined as the ratio of the throughput with adaptive RI to the throughput with fixed RI=2.  The throughput performance of advanced MIMO receiver (ML for example) may largely outperform the performance of reference receiver (MMSE) [5]. However the ratio was adopted as the test metric and the denominator of advanced receiver is larger than that of the reference receiver. As a result the throughput ratio of advanced receiver in some cases is smaller than that of the reference receiver. Sometimes it may even have the risk to fail the tests if the requirements of some cases were not relaxed. In other words, some UEs were punished for their “excellence”.  In our viewpoint, all new CSI tests developed in Rel-10 should not restrict the advanced receiver implementation; on contrary, the UEs with advanced receiver should easily pass the new tests. In real network, throughput in some sense reflects the network performance rather than throughput ratio. To achieve this, for example, absolute throughput can be added as an additional (or assistant) test metric. 
Proposal 6:  Add assistant test metric, e.g., throughput for Rel-10 test cases.
Table 3: Rel-8/9 CSI test coverage

	Test case
	
	Reporting mode
	Transmission mode


	Single CW/double CW
	Channel
	Test metric
	TP Ratio

	CQI
	Definition test
	PUCCH 1-0
	TM1(1T2R)
	Single CW
	AWGN
	BLER
	N/A

	
	
	PUCCH 1-1
	TM4(2T2R)
	double CW
	Static channel(full)
	BLER
	N/A

	
	Fading test
	PUCCH 3-0
	TM1(1T2R)
	Single CW
	two-path
	distribution，TP gain,

BLER
	1.1

	
	
	PUCCH 1-0
	TM1(1T2R)
	Single CW
	EPA
	distribution，TP gain,

BLER
	1.05

	
	
	PUCCH 3-0
	TM1(1T2R)
	Single CW
	two-path
	distribution，TP gain
	1.6

	PMI
	Wideband PMI
	PUSCH 3-1
	TM6(2T2R)
	Single CW
	EVA5
	TP gain
	1.1

	
	subband PMI
	PUSCH 1-2
	TM6(2T2R)
	Single CW
	EPA5
	TP gain
	1.2

	RI
	RI
	PUCCH1-1
	TM4(2T2R)
	Single CW/double CW
	EPA5
	TP gain
	Test1: 1
Test2: 1.05
Test3: 1.1


2.4 Test coverage of CSI requirements
In Rel-8/9 CSI tests, for the purpose of balancing the workload and test coverage, some of the scenarios were not covered. Those coverage holes of the test scenarios may need to be covered in the Rel-10 new test case design.
In Rel-8/9 CSI test, dual codeword CQI estimation was not covered in fading condition which means there was no alignment work for this scenario. This might be part of the reason why it was difficult to align the RI requirements at that time. Because dual codeword was used in RI test and it affected the CQI and PMI estimation in RI test. In Rel-10 test case design, it is proposed to consider dual codeword CQI tests in fading condition.
Proposal 7: Dual codeword CQI measurement in fading condition should be evaluated in Rel-10 new test case design.
It is agreed in RAN4 that the CSI requirements should be defined according to the CSI reporting modes in order to achieve good test coverage with minimum test case number in Rel-8. In order to reduce the RAN4 workload, in Rel-10 discussion we can adopt “increment” design to guarantee the CSI test coverage. New CSI test should focus on 4 and 8 CSI-RS ports, differential PMI report, redefined reporting modes, e.g., PUCCH 1-1 in TM9 and possible dual codeword CQI test.
3 Conclusion
Our proposals in this contribution can be summarized as:
Proposal 1: There will be no impact to the demodulation performance due to the CSI-RS measurement.

Proposal 2: RAN4 needs to study the impact on PDSCH performance due to the CSI-RS when SFBC transmission scheme is configured.

Proposal 3: Performance impact should be studied when multiple CSI-RS configurations are used.
Proposal 4: Redefined reporting modes should be tested in Rel-10 CSI requirements.
Proposal 5: New CSI test cases on MU-MIMO should be considered in RAN4.

Proposal 6:  Add assistant test metric, e.g., throughput for Rel-10 test cases.
Proposal 7: Dual codeword CQI measurement in fading condition should be evaluated in Rel-10 new test case design.
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Figure 1: system performance for cross polarization
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Figure 2: system performance for ULA

	Parameter
	Assumption

	Cellular Layout
	 19 sites, 3 sectors per site

	Simulation scenarios
	Case1 in TR25.814

	Load
	Average 10 UE per sector

	Bandwidth
	10MHz

	Channel model
	SCM

	UE speeds of interest
	3km/h

	antenna configuration
	Tx number:2/ 4/ 8

Rx number:2/ 4

BS: 0.5/4.0 Lambda  MS: 0.5 Lambda

	Traffic model
	Full buffer

	Scheduler
	Proportional Fair

	Channel  estimation
	Ideal

	Subband size
	5 RB

	HARQ
	Maximum 4 transmission 

	Transmitter precoding algorithm
	Zero-forcing beamfoming for MU-MIMO 

Codebook –based /non-quantized codebook precoding for SU-MIMO  

	Receiver algorithm
	MMSE-IRC/Blind detection enable 

	Overheads 
	R8 2x2: 2 CRS ports

R8 4x2: 4 CRS ports

R9: 2 CRS ports and 12REs/RB DMRS

R10: 2 CRS ports and 12REs/RB DMRS 
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