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1 Introduction

UE receiver modeling is of great importance in CoMP investigations, this being acknowledged during previous meetings. In RAN1#63bis receiver classification has been done [3], while during RAN1#64 advanced modelling for system level simulations has been proposed [2].

In [4] we presented system level results for two different interference aware receivers in single cell scenario and here we present the corresponding results for CoMP scenario 3, which is a heterogeneous deployment consisting of macro eNBs and remote radio heads (RRHs), each having own cell ID. We assume normal operation thus no co-operation between macros or RRHs. In scenario 3, the external interference level is expected to be higher than in homogeneous deployments and thus more gains are expected from interference aware receivers. 

Interference aware receiver modeling is described in the accompanying contribution [1]. The first receiver is a linear MMSE receiver which estimates the received signal covariance from the received data samples [2] and the second receiver uses DM-RS symbols to estimate the same information [1]. Benchmarking to existing [3] receivers is provided as well.

In this paper, the interference signal covariance is estimated from the DM-RS symbol locations by utilizing the channel estimates. In other words, the receiver filter
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where the 
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 can also be considered to be a Wishart random matrix where 
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(see [1] for details).

An alternative algorithm, where the spatial correlation matrix needed in the advanced receiver modelling by a Wishart distribution operating on the received data samples proposed [2] is also investigated. The algorithm is referred here as the data sample based algorithm. In this case the filter coefficients are given by
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(2)
where channel estimates 
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are used. The columns of the received signal sample matrix are independent and each column has covariance 
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, hence the estimate is a Wishart random matrix, i.e 
[image: image7.emf]𝐂 ෨ 𝑟𝑟 , 𝑑𝑎𝑡𝑎 ~ 𝑊 𝑛 ሺ 𝑁 𝑑𝑎𝑡𝑎 , 𝐂 𝑟𝑟 ሻ  

[1]as discussed in . 

2 Effect on downlink system performance
To investigate the system level performance of these two ways of modelling the IRC receiver we show system results for SU-MIMO and MU-MIMO with co-pol antenna setting. Simulation assumptions are included in the appendix. The following receivers have been simulated:
· MMSE option 1 and option 2 [3]
· MMSE-IRC ideal [3]
· Data Sample Matrix IRC, Equation (2).

· DMRS Sample Matrix IRC, Equation (1).

The MMSE option 2 assumes that the effective channel can be estimated by UE also through the layers that do not contain data for that UE, i.e. MU-MIMO interfering layers. The power of interference coming from other BS is assumed to be known at each receive antenna. The interference covariance matrix originating from other BS is assumed to be diagonal. The MMSE-IRC receiver has also the directional information of the external interference. The ideal MMSE-IRC assumes that the full covariance matrix of the sum of all external interfering equivalent channels is known ideally, this being seen as an upper bound of the achievable performance. As this is unrealistic assumption, the channel and received signal covariance estimation for the MMSE-IRC has been considered in [2] and [3], and here we compare the proposed methods of emulating the estimation error by Wishart random matrices. Note that the Wishart random matrix takes the number of estimation samples as a parameter and that for Data Sample Matrix IRC the number of samples corresponds to the number of data samples available, and for the DM-RS Sample matrix IRC the parameter should be the number of DM-RS samples.   

Table 1 System level performance comparison for different LMMSE modelings, 
4x2 SU-MIMO ULA antennas in configuration #4b

	
	Average cell spectral efficiency
[bps/Hz] 


	5% cell edge spectral efficiency
[bps/Hz]
	Average cell spectral efficiency gain
[%] 
	5% cell edge spectral efficiency gain [%]

	MMSE Option 2
	2.326
	0.095
	-
	-

	Data Sample Matrix IRC Eq. (2)
	2.222
	0.107
	-4.451%
	+13.626%

	DM-RS Sample Matrix IRC Eq. (1)
	2.534
	0.119
	+8.969%
	+26.077%

	MMSE-IRC ideal
	2.553
	0.127
	+9.792%
	+34.256%


Table 2 System level performance comparison for different LMMSE modelings,
 4x2 MU-MIMO ULA antennas in configuration #4b

	
	Average cell spectral efficiency
[bps/Hz] 
	5% cell edge spectral efficiency
[bps/Hz]
	Average cell spectral efficiency gain
[%] 
	5% cell edge spectral efficiency gain [%]

	MMSE Option 1
	2.536
	0.100
	-
	-

	MMSE Option 2
	2.975
	0.110
	+17.307%
	+9.981%

	Data Sample Matrix IRC Eq. (2)
	2.822
	0.130
	+11.280%
	+30.062%

	DM-RS Sample Matrix IRC Eq. (1)
	3.185
	0.133
	+25.605%
	+33.732%

	MMSE-IRC ideal
	3.210
	0.138
	+26.570%
	+38.222%


Table 1 System level performance comparison for different LMMSE modelings, 
4x2 SU-MIMO ULA antennas in configuration #1

	
	Average cell spectral efficiency
[bps/Hz] 
	5% cell edge spectral efficiency
[bps/Hz]
	Average cell spectral efficiency gain
[%] 
	5% cell edge spectral efficiency gain [%]

	MMSE Option 2
	1.998
	0.065
	-
	-

	Data Sample Matrix IRC Eq. (1)
	1.933
	0.074
	-3.231%
	+12.915%

	DMRS Sample Matrix IRC Eq. (2)
	2.201
	0.083
	+10.165%
	+27.616%

	MMSE-IRC ideal
	2.226
	0.086
	+11.416%
	+30.951%


Table 2 System level performance comparison for different LMMSE modelings,
 4x2 MU-MIMO ULA antennas in configuration #1

	
	Average cell spectral efficiency
[bps/Hz] 
	5% cell edge spectral efficiency
[bps/Hz]
	Average cell spectral efficiency gain
[%] 
	5% cell edge spectral efficiency gain [%]

	MMSE Option 1
	2.086
	0.070
	-
	-

	MMSE Option 2
	2.375
	0.079
	+13.859%
	+11.915%

	Data Sample Matrix IRC Eq. (1)
	2.317
	0.089
	+11.075%
	+26.473%

	DMRS Sample Matrix IRC Eq. (2)
	2.575
	0.093
	+23.425%
	+31.858%

	MMSE-IRC ideal
	2.607
	0.096
	+24.953%
	+36.397%


3 Discussion and conclusions

Few observations can be made based on the conducted study. It is observed that data sample based MMSE performs poorly, even worse than the MMSE option (2). The DM-RS sample based MMSE is almost able to achieve the perfomance of the ideal MMSE. These results confirm the multi-link investigation [1] which show also reliable performance of DM-RS sample based MMSE. It is also observed that the data sample based MMSE would introduce severe penalty to the performance and hence lead to pessimistic evaluation of enhanced receivers. 
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5 Appendix: simulation parameters
	Parameter
	Value

	Cellular layout
	Hexagonal, 19 sites, 3 sectors per site, 4 Remote Radio Heads per sector

	Traffic model
	Full Buffer

	Simulation scenario
	Deployment Scenario ITU Uma for Macro / UMi for low power node
UMA : - UE speed 3 Km/hr
              - No out-door in-car penetration
UMi: - Carrier Frequency 2 GHz 
            - 100% UE dropped outdoors 
            - No outdoor to indoor penetration

	Base station antenna configuration
	4 antenna elements
ULA 0.5 λ– 45o degrees slant

	UE antenna configuration
	2 antenna elements
XPOL

	MIMO scheme
	SU-MIMO with dynamic rank adaptation

MU-MIMO: Max 2 UEs, 1 layer / UE

	Number of UEs / sector
	Configuration #4b:
Macro UEs: 10
RRH UEs = 5 per RRH (4 RRHs)

Configuration #1:
Macro UEs: 25
RRH UEs = 0 per RRH (4 RRHs)

	Codebook
	Rel’8 4TX codebook

	MU-MIMO Precoding
	Zero Forcing 

	TD-FD scheduler
	Proportional Fair – Proportional Fair

	MU-MIMO scheduler
	sum Proportional Fair

	Number of samples for Wishart
	N_drs=12, N_data=120

	Inter-cell interference model
	4Tx transmission with random rank & PMI in interfering cells

	Channel estimation for demodulation
	Realistic (via AVI tables)

	Channel estimation for CSI
	CSI-RS Based 

	Reference symbol overhead
	Legacy overhead: 2Tx Rel’8 CRS
DRS overhead: 12 RE / PRB
CSI-RS overhead: 4 RE / PRB, 10 ms interval

	PMI
	Sub-band size 6 PRB
10 ms reporting interval
6 ms delay

	CQI
	Sub-band size 6 PRB
10 ms reporting interval
6 ms delay

	OLLA
	Enabled, BLER target 10%

	HARQ
	6 ms Ack/Nack delay
6 processes
Maximum 4 transmissions

	PDCCH
	Only the overhead modelled

	UE noise figure

	9 dB

	UE distribution within cell
	According to Configuration #4b and Configuration #1























