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1. Introduction

At the last RAN4#72 meeting, the following agreement with regard to multi-cell demodulation test for SU-MIMO advanced receivers was captured in [1,2]. 
· Evaluate the different options and provide results for the next meeting.

· Option 1: Relative Tput with following CQI (Ericsson R4-144800)
· Option 2: Absolute Tput with FRC and TM3 (Huawei R4-144301), FFS if to replace one single cell test
· Option 3: Absoute Tput with FRC and TM9 (The interfering cell/cells are considered with colliding CRS), FFS if to replace one single cell test

· For option 2 and 3, both QPSK and 16QAM for serving cell should be evaluated.
In this contribution, we provide evaluation results for each options and our view on the multi cell demodulation test for SU-MIMO advanced receiver.
2. Evaluation results
2.1. Evaluation results for Option 1 (Relative throughput)

In this section, we provide initial evaluation results for Option 1. The simulation assumption is based on Ericsson’s documents [3] except transmission mode and antenna configuration for serving cell, and channel model for interfering cell. The detail is summarized in Table 1. Note that we assumed EPA channel model for interference cell in this evaluation. This is because MMSE receiver can suppress the inter-cell interference when assuming the medium antenna correlation for serving cell and static channel for interference cell as shown in Annex A.
Proposal 1: Use non-static channel model (e.g. EPA) in interference cell for option 1.
Table 1 - Simulation assumption for Option 1
	
	Transmission mode
	Antenna configuration
	Fading channel
	Transmission rank
	MCS
	Interference level(DIP)

	Serving cell
	TM3, TM9
	2x2, Medium
	EPA5
	2
	Follow CQI
	N/A

	Interfering cell
	TM1
	1x2, Low
	EPA5
	1
	QPSK 1/3
	-0.41 dB


Fig.1 and Fig.2 show the relative throughput performance for TM3 and TM9, respectively. The absolute throughput performances assuming single-cell and multi-cell environment are summarized in Annex B. From the results, we observed the followings:

Observation 1: Relative throughput test can verify the whitening functionality of SU-MIMO advanced receiver both in TM3 and TM9.

Observation 2: Relative throughput in low SINR region is higher than that in middle and high SINR region. This is because the interference power in middle and high SINR region is lower than that in low SINR region.
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Fig. 1 – Evaluation results for TM3 (Option 1)
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Fig. 2 – Evaluation results for TM9 (Option 1)

2.2. Evaluation results for Option 2 and 3 (Absolute throughput)

In this section, we provide initial evaluation results for Option 2 (TM3) and 3 (TM9). The simulation assumption is based on Huawei’s document [4], and it is summarized in Table 2. Note that Colliding CRS (Non-colliding CRS) is assumed for TM9 (TM3).
Table 2 - Simulation assumption for option 2 and 3
	
	Transmission mode
	Antenna configuration
	Fading channel
	Transmission rank
	MCS
	Interference level (INR)

	Serving cell
	TM3, TM9
	2x2, Medium
	EVA70 for TM3,

ETU5 for TM9 
	2
	QPSK 2/5,

16QAM 1/3
	N/A

	Interfering cell
	TM1
	1x2, Low
	
	1
	16QAM 1/2
	6.24 dB


Fig.3 and Fig.4 show the evaluation results of TM3 assuming QPSK and 16QAM, respectively. From the results, we observed the followings:
Observation 3: Absolute throughput can verify the whitening functionality of SU-MIMO advanced receiver in TM3 with QPSK.

Observation 4: But the performance difference between CWIC with IRC and MMSE is very small in TM3 with 16QAM.
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Fig. 3 – Evaluation results for TM3 and QPSK (R = 2/5)
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Fig. 4 – Evaluation results for TM3 and 16QAM (R = 1/3)

In addition, Fig.5 and Fig.6 show the evaluation results of TM9 assuming QPSK and 16QAM, respectively. From the results, it is observed the followings:
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Fig. 5 – Evaluation results for TM9 and QPSK (R = 2/5)
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Fig. 6 – Evaluation results for TM9 and 16QAM (R = 1/3)

Observation 5: A tendency of absolute throughput performance assuming TM9 is similar to that assuming TM3.
2.3. Discussion

From the observation 1 to 5, we observed that each option can verify the whitening functionality of SU-MIMO advanced receiver when lower modulation order, i.e. QPSK, is assumed. In addition, for the option 2 and 3, we consider that this functionality test should not replace the single cell demodulation test. This is because those are not typical scenario that transmission mode of interference cell is TM1, and DIP value is equal to -0.41 dB.
Proposal 2: Regarding option 2 and 3, this test should not replace the single cell demodulation test because those are not typical scenario that transmission mode of interference cell is TM1, and DIP value is equal to -0.41 dB.
3. Conclusion

In this contribution, we provide evaluation results for each options and our view on multi cell demodulation test for SU-MIMO advanced receiver. Based on the results, the following observations and proposal were obtained.
Proposal 1: Use non-static channel model (e.g. EPA) in interference cell for option 1.

Observation 1: Relative throughput test can verify the whitening functionality of SU-MIMO advanced receiver both in TM3 and TM9.

Observation 2: Relative throughput in low SINR region is higher than that in middle and high SINR region. This is because the interference power in middle and high SINR region is lower than that in low SINR region.

Observation 3: Absolute throughput can verify the whitening functionality of SU-MIMO advanced receiver in TM3 with QPSK.

Observation 4: But the performance difference between CWIC with IRC and MMSE is very small in TM3 with 16QAM.
Observation 5: A tendency of absolute throughput performance assuming TM9 is similar to that assuming TM3.

Proposal 2: Regarding option 2 and 3, this test should not replace the single cell demodulation test because those are not typical scenario that transmission mode of interference cell is TM1, and DIP value is equal to -0.41 dB.
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Annex A
In this annex, we show that MMSE receiver can suppress the inter-cell interference if medium antenna correlation for serving cell and static channel for interference cell. For the simplicity of the explanation, we assume the MRC receiver instead of the MMSE receiver.

Assuming the number of receiver antenna branches is NRx, the NRx-dimensional received signal vector of the k-th subcarrier and the l-th OFDM symbol, y(k,l), is expressed as follows.
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Where HS, and HI (sS and sI) represent the channel matrix (transmission symbol) for serving and interference cell, respectively: n represents noise vector. The MRC weight matrix is defined to by the inverse matrix of HS, so the received signal after MRC processing is described as follows.
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When assuming static channel model for interference cell investigated in the WI on Rel.11 MMSE-IRC, i.e. all channel coefficient of HI is equal to 1, the component of the interference signal after MRC is described as follows.
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Where hij represents the channel coefficient of HS. Therefore, the value of h22-h12 and –h21+h11 when assuming the medium antenna correlation for serving cell would be lower than that when assuming the low correlation. This fact means that the MRC receiver can suppress the inter-cell interference when assuming this environment.
Annex B

This annex provides the absolute throughput performance assuming option 1. Fig.B1 (B3) and Fig.B2 (B4) show the evaluation results for TM3 (TM9) when assuming multi-cell and single cell environments, respectively.
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Fig. B1 – Evaluation results for TM3 and multi-cell
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Fig. B2 – Evaluation results for TM3 and single-cell
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Fig. B3 – Evaluation results for TM9 and multi-cell
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Fig. B4 – Evaluation results for TM9 and single-cell
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