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1. Introduction
In RAN4 #61 an evaluation methodology and simulation assumptions were defined to study potential gains of advanced receivers like MMSE-IRC [1]. In this contribution we investigate the performance of such advanced receiver structures under synchronous and asynchronous inter cell interference. In particular, we compare to MMSE options with full and diagonal covariance matrix.
2. Discussion and Simulation Results
In RAN4 #61 an evaluation methodology and simulation assumptions were defined to study potential gains of advanced receivers like MMSE-IRC [1] for synchronous and asynchronous interference. Based on system level simulation results summarized in [2], the following two scenarios have been defined for further evaluation:
· Synchronous network

· Number of interfering cells: 2 cells

· Conditional median DIP values

· DIP1 = -2.8 dB, DIP2 = -7.3 dB for G = 0 dB geometry

· DIP1 = -3.1 dB, DIP2 = -5.4 dB for G = -3 dB geometry

· Asynchronous network

· Number of interfering cells: 1 cell

· Conditional median DIP values

· DIP1 = -2.8 dB for G = 0 dB geometry

· DIP1 = -3.1 dB for G = -3 dB geometry

Assuming a background noise level of Noc = -98 dBm/15 kHz, these DIP values can be transformed into the following interference levels as given in Table 1.
Table 1: Serving and interfering cells SNR
	Noc = -98 dBm/15 kHz
	Synchronous Network
	Asynchronous Network

	
	G = 0 dB
	G = -3 dB
	G = 0 dB
	G = -3 dB

	Serving cell ES/Noc
	5.4 dB
	3.5 dB
	3.23 dB
	-0.077 dB

	1st interfering cell EI1/Noc
	2.6 dB
	3.4 dB
	0.43 dB
	-0.1775 dB

	2nd interfering cell EI2/Noc 
	-1.9 dB
	1.1 dB
	
	


In the following we provide link level simulation results for these two network scenarios. In particular, we compare the performance of two options of MMSE receiver structures. Assuming a system model of the form y = H(x + n, where n models noise and interference, all MMSE based receiver types lead to a linear receiver structure of the form w = (H(HH + Rnn)-1(H, where Rnn represents an estimation of the covariance matrix of noise plus interference n. In MMSE option 1, the estimate of the covariance matrix Rnn is assumed to be diagonal but not necessarily the identity matrix. In MMSE option 2 the estimate of the covariance matrix Nt generally has non-zero non-diagonal elements.
In the simulations we focus on TM6 in the serving cell and TM4 in the interfering cell with 2Tx antennas. Since TM4 supports both rank-1 and rank-2 for a 2x2 antenna configuration, the variation of the rank-1/rank-2 interference may impact the receiver performance. We therefore also investigate the influence of randomly changing PMI/RI/MCS in the interfering cell with update rates of 1ms and 10ms, respectively, as defined in [1]. The main simulation parameters are listed in Table 2.
Table 2: Simulation Assumptions
	Parameter
	Scenario 1 (CRS based)

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode on serving cell
	TM6

	Transmission mode on interference cell
	TM4

	MIMO configuration
	2x2 and low correlation

	Channel model 
	EVA, 3km/h, 

	CRS configuration
	2 CRS ports with planning (non-colliding)

	MCS for target signal
	Outer-loop link adaptation 

	PMI for target signal
	Follow wideband PMI 

	H-ARQ
	8 HARQ processes, max 4 transmissions

	Feedback periodicity for target signal
	Feedback periodicity: 5 ms
Feedback delay: 8 ms

	MCS/ PMI transmission granularity and Number of transmission ranks for interference signals (% of rank-1 and % of rank-2)
	Randomly changing per sub-band from subframe to subframe as baseline.

Randomly changing per sub-band per 10 ms periodicity by interested companies

Frequency granularity is 6 RBs

	
	80% for rank-1 and 20% for rank-2


In the following we consider the performance of both options of MMSE receivers in case that the serving cell adjusts its MCS and PMI based on wideband CQI and wideband PMI feedback. Since both CQI reporting as well as demodulation are impacted by the MMSE receiver, considering closed loop simulations is felt to give the most accurate estimation of real  MMSE gains. Hence, outer loop control has been enabled for MCS selection to adjust the BLER of the first HARQ transmission to 10%. 

Figure 1 shows the performance under synchronous and asynchronous interference with PMI/RI/MCS update rates in the interfering cell of 1ms and 10ms, respectively, for a geometry of G = 0 dB. It is seen that the gains of MMSE option 2 compared to MMSE option 1 are in the order of 5%  – 6% both for synchronous and asynchronous interference and are relatively independent on PMI/RI/MCS update rates in the interfering cell. Synchronous interference with 1ms update rate yields a gain in the order of 8%.
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Figure 1: MMSE Option 1 and Option 2 in Synchronous and Asynchronous Interference – Geometry = 0 dB
Figure 2 shows the performance of both MMSE options for a geometry of G = -3 dB. For this geometry the gains of MMSE option 2 are in the order of 10% – 12% for synchronous network and in the order of 6% - 7% for asynchronous network. A general observation is that the gains of MMSE option 2 over option 1 are larger for synchronous networks and decrease with increasing geometry.

Observation 1: The gains of MMSE option 2 over MMSE option 1 are larger in synchronous than in asynchronous networks. 

Observation 2: For a synchronous network the gains are in the order of 5% - 8% for geometry G = 0 dB and in the order of 10% - 12% for geometry G = -3 dB.
Observation 3: For an asynchronous network the gains are in the order of 5% - 6% for geometry G = 0 dB and in the order of 7% for geometry G = -3 dB.
[image: image4.emf]0.00%

2.00%

4.00%

6.00%

8.00%

10.00%

12.00%

14.00%

Synchronous 

Interference, 

PMI/RI/MCS update 

1ms

Synchronous 

Interference, 

PMI/RI/MCS update 

10ms

Asynchronous 

Interference, 

PMI/RI/MCS update 

1ms

Asynchronous 

Interference, 

PMI/RI/MCS update 

10ms

Gain of MMSE Option 2 [%]


Figure 2: MMSE Option 1 and Option 2 in Synchronous and Asynchronous Interference – Geometry = -3 dB
These simulations show that the performance gains of MMSE depend both on geometry as well as on network operation. The impact of the interference granularity was not found to be large in the presented results. However, since only a limited set of results is available and not all impacts are studied so far, the investigation of  the different scenarios should continue in the WI phase. In particular, we regard it as important to consider a set of scenarios and test cases that covers a broad range of realistic deployments. 
3. Conclusion 
In this contribution we investigated the gains of two MMSE options with full (MMSE option 2) and diagonal (MMSE option 1) covariance matrix estimation both for synchronous and asynchronous network operation. The following observations could be made.
Observation 1: The gains of MMSE option 2 over MMSE option 1 are larger in synchronous than in asynchronous networks. 

Observation 2: For synchronous network the gains are in the order of 5% - 8% for geometry G = 0 dB and in the order of 10% - 12% for geometry G = -3 dB.

Observation 3: For asynchronous network the gains are in the order of 5% - 6% for geometry G = 0 dB and in the order of 7% for geometry G = -3 dB.
These simulations show that the performance gains of MMSE depend both on geometry as well as on network operation. The impact of the interference granularity was not found to be large in the presented results. However, since only a limited set of results is available and not all impacts are studied so far, the investigation of  the different scenarios should continue in the WI phase. In particular, we regard it as important to consider a set of scenarios and test cases that covers a broad range of realistic deployments. 
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