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Discussion
1  Introduction
There are three options for multiple-cell test listed in [1], which are

· 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, Absolute 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 paper, we provide our view on the options and also give the suggested settings for the multiple-cell test.

2  Analysis and simulation results
The multiple-cell test serves the purpose of verifying the spatial whitening performance when the more complicated MIMO receiver such as R-ML is applied. The white-noise-only scenario may not be appropriate because the spatial whitening doesn’t improve the performance when the noise is uncorrelated between receive antennas. 
In the option 3, even if the UE estimates the noise properly by using DMRS, the performance enhancement due to the spatial whitening still can’t be verified because what DMRS can measure is white noise. Then the option 3 should be further modified in order to simultaneously serve two purposes. The blanked PDSCH from interfering cell could be modified as being transmitted.
Based on the above analysis, we have,
Observation 1, The white-noise-only scenario may not be appropriate because the spatial whitening doesn’t improve the performance when the noise is uncorrelated between receive antennas.
Proposal 1, To make option 3 applicable for spatial whitening verification, the PDSCH should be transmitted from the interfering cell. The signal level is FFS. This test can also be treated as verifying spatial whitening in DMRS mode.
In option 2, the suggested MIMO correlation for the serving cell and the interfering cell is medium and low respectively. The MIMO correlation, high, low or medium, is actually captured by alpha and beta which are to specify the correlation between the antennas at the eNB side and the UE antennas, respectively. For the medium correlation, it is 0.3 and 0.9 for alpha and beta respectively, and for the low correlation it is zero for both parameters.

Remember that a single UE is considered in the link level simulation. Then there should be one unified beta value for MIMO correlation, no matter how many interfering cells are configured.
The simulation settings are summarized in Table 1. In Case 1 the same setting is applied as that for the option 2, which is beta = 0.9 and beta = 0.0 for serving and interfering cells, respectively, and in Case 2 apply beta = 0.9 for both cells. MCS 14 is considered in Case 3 and 4, and Case 5 and 6 are for MCS 9. For each case the spatial whitening on/off is tested with LMMSE, R-ML and CW-IC. So there are 6 curves in each figure. All subframes are transmitted and this is the reason the max throughput is higher than that in option 2.
	
	Serving cell MIMO correlation
	Interfering cell MIMO correlation
	Serving cell MCS
	Signal level from interfering cell

	Case 1 (Fig. 1)
	2x2 medium
	1x2 low
	MCS 6 (QPSK 2/5)
	6.24 dB

	Case 2 (Fig. 2)
	2x2 medium
	1x2 medium
	MCS 6 (QPSK 2/5)
	6.24 dB

	Case 3 (Fig. 3)
	2x2 medium
	1x2 low
	MCS 14 (16QAM 1/2)
	6.24 dB

	Case 4 (Fig. 4)
	2x2 medium
	1x2 medium
	MCS 14 (16QAM 1/2)
	6.24 dB

	Case 5 (Fig. 5)
	2x2 medium
	1x2 low
	MCS 9 (QPSK 3/5)
	6.24 dB

	Case 6 (Fig. 6)
	2x2 medium
	1x2 medium
	MCS 9 (QPSK 3/5)
	6.24 dB


              Table 1, Simulation test setup. Both cells are EVA 70Hz for all cases 
It is expected that the test setting should capture the results of R-ML + SW outperforming R-ML without SW, MMSE-IRC (LMMSE + SW) and MMSE-MRC (LMMSE without SW). 
In Fig. 1, it is seen that R-ML + SW outperforms other receivers for more than 1.7dB. The performance gap is different from Fig. 7 in which the gap of 3dB is observed. However, the SNR point for 70% of max throughput is around 9dB for R-ML + SW in both simulation results. 
In Fig. 2 as the MIMO correlation is set medium for the interfering cell, the performance gap shrinks to around 0.6dB over MMSE-IRC. It means that, even with the more reasonable correlation setup, this test can’t distinguish other receivers as compared to the setting in Case 1. 

Fig. 3 and Fig. 4 show the results of using MCS 14. The higher SNR point around 21dB could be the concern so in Fig. 5 and Fig. 6, the MCS 9 is evaluated.

The performance gap is around 1.5dB in both Fig. 5 and Fig. 6. Then in the case of MCS 9, the setting of using one unified beta value is able to distinguish other type receivers with and without spatial whitening.    

The CW-IC receiver with proper implementation setting is also simulated as reference. For TM3, the performance gain over R-ML is very limited in QPSK and the gain is slightly larger, around 0.5dB in 16QAM case. 

We further have, 
Observation 2, A single UE is considered in the link level simulation. Then there should be only one beta value for the MIMO correlation, no matter how many interfering cells are configured.
Observation 3, For TM3, the performance gain of CW-IC over R-ML is very limited in QPSK and the gain is slightly larger, which is around 0.5dB in 16QAM case.
Observation 4, With MCS 9 setting, the R-ML + SW can outperform R-ML without SW, MMSE-IRC and MMSE-MRC for over 1.5dB, as one unified beta = 0.9 is applied to both cells. 

Proposal 2, Consider to modify option 2 by using MCS 9 for serving cell and beta = 0.9 for both cells.
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Fig. 1, MCS 6, low correlation for interfering cell,     Fig. 2, MCS 6, medium correlation for interfering cell,
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Fig. 3, MCS 14, low correlation for interfering cell,   Fig. 4, MCS 14, medium correlation for interfering cell,
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Fig. 5, MCS 9, low correlation for interfering cell,    Fig. 6, MCS 9, medium correlation for interfering cell,

3  Conclusion 
The below are our observations and proposals,

Observation 1, The white-noise-only scenario may not be appropriate because the spatial whitening doesn’t improve the performance when the noise is uncorrelated between receive antennas.

Observation 2, A single UE is considered in the link level simulation. Then there should be only one beta value for the MIMO correlation, no matter how many interfering cells are configured.

Observation 3, For TM3, the performance gain of CW-IC over R-ML is very limited in QPSK and the gain is slightly larger, around 0.5dB in 16QAM case.

Observation 4, With MCS 9 setting, the R-ML + SW can outperform R-ML without SW, MMSE-IRC and MMSE-MRC for over 1.5dB, as one unified beta = 0.9 is applied to both cells.

Proposal 1, To make option 3 applicable for spatial whitening verification, the PDSCH should be transmitted from the interfering cell. The signal level is FFS. This test can also be treated as verifying spatial whitening in DMRS mode.

Proposal 2, Consider to modify option 2 by using MCS 9 for the serving cell and beta = 0.9 for both cells.
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Fig. 7, Throughput performance in [2]
