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1. Introduction

Improving cell edge and cell average user throughputs is one of the important goals for operators, and UE receiver performance enhancement could achieve this goal. Release 8 baseline receiver is the linear minimum mean squared error (MMSE) receiver, where the covariance matrix of inter-cell interference is approximated as AWGN. This “simplified MMSE receiver” could perform a good performance for multiple-layer transmission for SU-MIMO. On the other hand, in order to further improve the performance of cell-edge users, the receiver employing MMSE-IRC (MMSE-Interference Rejection Combining) could be applied, where the covariance matrix of inter-cell interference is estimated to perform more precise linear MMSE detection. The MMSE-IRC receiver has been discussed for heterogeneous deployment scenarios in Release 11 CoMP SI in RAN1 [1]. Figure 1 shows the MMSE-IRC receiver concept, where the MMSE-IRC receiver could form the null beam toward interfering signal from other cells and suppress the interference. Therefore, the cell-edge user throughput could be increased compared to Release 8 baseline receiver due to SINR improvement. This contribution shows the throughput gain on cell-edge user for MMSE-IRC receiver.
We have evaluated the throughput performance of the MMSE-IRC receiver when the synchronous network is assumed, and the gain of the MMSE-IRC receiver compared to the Rel. 8 baseline receiver has been confirmed in [2]. In this contribution, to investigate the impact on asynchronous networks for MMSE-IRC receiver, the throughput performance is evaluated assuming asynchronous networks.
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Figure 1 – MMSE-IRC receiver concept.
2. MMSE-IRC receiver in Asynchronous Network
Figure 2 shows the desired signal and the inter-cell interference arrived at the MMSE-IRC receiver in the asynchronous network. In this case, the inter-cell interference is not synchronized with the desired signal. Therefore, as shown in Figure 2, the different two sources of precoded interference are arrived within the covariance matrix estimation period, i.e., 1 subframe. Since these sources of interference are regarded as the interferences through the different two channels, the number of the interference is equivalently increased for calculating the MMSE-IRC receiver weight. The MMSE-IRC receiver can suppress the inter-cell interference according to the degrees of freedom at the receiver, i.e., the number of receiver antennas is higher than that of the desired data streams. Therefore, those sources of interference in the asynchronous network might impact the throughput performance for the MMSE-IRC receiver. This impact is evaluated in the next section. 
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Figure 2 – The impact on asynchronous network for MMSE-IRC receiver.
3. Performance Evaluation for MMSE-IRC receiver

Annex A and B show the UE behaviour for the MMSE-IRC receiver and the simulation conditions, respectively. In this contribution, the UE throughput performance according to the number of synchronous cells is evaluated. Annex C shows the synchronous or asynchronous network models. Realistic channel estimation using the DM-RS with TM9 transmission was assumed, however this receiver could be adapted to Release 8 transmission mode, i.e. TM3 and TM4, by using CRS.

Figures 3(a) and 3(b) show the cell-edge UE throughput defined as the UE throughput at cumulative distribution function (CDF) = 5% and the average UE throughput according to the number of synchronous cells. The description of “(+x%)” means the gain of the MMSE-IRC receiver compared to the Rel.8 baseline receiver, i.e., the simplified MMSE receiver. From the results, the gain of the MMSE-IRC receiver can be obtained even when the asynchronous network is assumed. Furthermore, from the viewpoint of the cell-edge user throughput, the gain of exceeding 20% is achieved by the MMSE-IRC receiver regardless of the number of synchronous cells. The reason why the throughput performance is not severely degraded in the asynchronous network is that the degree of freedom at the receiver is much lower than the number of inter-cell interference in the multi-cell environment, i.e., 57 cells in this evaluation. Therefore, the MMSE-IRC receiver cannot perfectly suppress the all sources of inter-cell interference. Although the arrival interference is equivalently increased for calculating the MMSE-IRC receiver weight in the asynchronous network as we discussed in Section 2, this impact is not severely affected in the multi-cell environment. From the above observations, the MMSE-IRC receiver can effectively suppress the inter-cell interference even when the asynchronous network is employed.
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(a) Cell-edge UE throughput performance              (b) Average UE throughput performance
Figure 3 – UE throughput performance in asynchronous network.

4. Conclusion

This contribution investigated the performance gain by using the receiver employing the MMSE-IRC receiver in the asynchronous network. This receiver performs null-beamforming toward interference from other cells by estimating the covariance matrix including the inter-cell interference. This receiver could obtain exceeding of 20 % cell-edge UE throughput gain and 6% average UE throughput gain even when the asynchronous network is employed. This receiver could be also adapted to Release 8 transmission mode, i.e. TM3 and TM4, by using CRS instead of DM-RS. Based on the results, a new study item should be set up in Release 11 to specify improved UE demodulation performance requirement for LTE.
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Annex A  MMSE-IRC receiver to Suppress Inter-cell Interference

A.1  Signal Model

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 Hi(k,l) represents the (NRx ( NTx) channel matrix between the i-th cell and the UE, WTx,i(k,l) represents the (NTx ( NStream) precoding weight matrix of the i-th cell, si(k,l) represents the NStream-dimensional information signal vector of the i-th cell, and n(k,l) is the NRx-dimensional noise vector. Here, NTx, NStream, and Ncell are the numbers of transmitter antennas at each cell, transmission streams for the UE, i.e., transmission ranks, and total number of cells, respectively. The 0-th cell (i = 0) is defined as the serving cell for the UE. The recovered signal vector at the UE, 
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, is detected by using the (NStream ( NRx) receiver weight matrix WRx,0(k,l) as follows.
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A.2  MMSE-IRC receiver
The MMSE-IRC receiver [1] can suppress not only the inter-stream interference but also the inter-cell interference when the degrees of freedom at the receiver are high, i.e., the number of receiver antennas is higher than that of the desired data streams. To obtain the MMSE-IRC receiver weight matrix, the covariance matrix including the sources of inter-cell interference should be estimated using the receiver signals. In this contribution, the scheme of DM-RS based covariance matrix estimation [2][3] is employed. In this scheme, using the DM-RS sequence of the serving cell is known at the receiver, the covariance matrix only including the interference and noise component, RI+N, is estimated as follows.
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where 
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(,)

kl

0

G

 is the estimated composite channel based on the demodulation reference signal (DM-RS), which is the channel matrix multiplied by the precoding weight matrix, p0(k,l) is the DM-RS sequence of the serving cell, P0 is the transmit signal power of the serving cell, Nsp is the number of averaging samples, and MDMRS is the DM-RS RE group. Using the estimated RI+N and 
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, the estimated covariance matrix, Ryy, is obtained by the following equation. 
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The MMSE-IRC receiver weight matrix is calculated using Ryy as follows.
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Annex B  Simulation Conditions

To evaluate the throughput performance obtained using the MMSE-IRC receiver, a multi-cell link simulation is conducted. The channel model is assumed to be a 6-ray typical urban (TU) channel model. In the evaluation, the transmitter and receiver correlations are assumed to be 0.5. The cell layout is assumed to be a hexagonal grid, assuming 19 cell sites with 3 cells per site. In the evaluation, one UE is selected randomly from the UEs that are uniformly distributed in the cell. A link-level simulation is performed between each UE and its serving cell as well as the neighboring cells. The transmission stream number and the precoding matrix of each neighboring cell are selected randomly subframe-by-subframe assuming different UEs are multiplexed. Note that the precoding granularity of each neighboring cell is assumed to be the same as the number of allocated RBs for the UE, i.e., 4 RBs in the evaluation. Regarding CRS, we assume that the MBSFN subframes are configured, i.e., CRS is transmitted only in the control region. Outer-loop link adaptation (OLLA) [4] is employed with the target block error rate (BLER) of 10%. In the evaluation, the two transmitter antenna codebooks defined in Rel. 8 are used for precoding transmission assuming the maximum number of streams of two for all UEs. We assume that the covariance matrix is averaged within one RB, therefore the number of averaging samples, Nsp, equals to 12. The channel estimation schemes for the CSI-RS and DM-RS are assumed to be the MMSE channel estimation and the 2-dimensional MMSE channel estimation [5] respectively for all evaluations. Note that a uniform delay power spectrum within the cyclic prefix length of 4.76 sec and a uniform Doppler power spectrum with the maximum Doppler frequency of 5.55 Hz are assumed for the MMSE channel estimation filter. In this contribution, the UE throughput is obtained by averaging 400 subframes. The number of streams is determined adaptively every 400 subframes. The hard handover hysteresis is set to 3 dB in the evaluation. The other simulation conditions are given in Table B1.

Table B1 – Simulation Conditions.

	Carrier frequency / System bandwidth
	2 GHz / 5 MHz

	Inter-site distance
	500 m

	Distance dependent path loss
	128.1 + 37.6log10(r) dB (r in km)

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	0.5 (Inter-site) / 1.0 (Intra-site)

	Maximum Doppler frequency
	5.55 Hz

	Penetration loss
	20 dB

	Total transmission power
	43 dBm


	Transmitter antenna pattern (Antenna gain)
	70-degree sectored beam (14 dBi)

With tilt (etilt = 15 degrees)

	UE antenna gain / UE noise figure
	0 dBi / 9 dB

	Thermal noise density
	-174 dBm /Hz

	Channel model (Transmitter and receiver correlation)
	6-ray TU channel model (0.5)

	Number of transmitter antennas
	2

	Number of receiver antennas
	2

	Maximum number of transmission streams
	2

	Number of allocated RBs
	4 RBs (contiguous allocation)

	Precoding / feedback granularity
	4 RBs

	Detector
	MMSE-IRC receiver 

Rel.8 baseline receiver 

	CSI-RS duty cycle configuration
	10 ms interval

	Channel estimation for CSI-RS/DM-RS
	Freq. domain/2D-MMSE channel estimation

	HARQ (Round trip delay)
	Chase combining (8 ms)

	Hard handover hysteresis
	3 dB


Annex C  Asynchronous Network Models
In this contribution, we assumed the three network models as shown in Figure C1. Figure C1(a) shows the asynchronous network where the only three cells in a cell site are synchronized. In this case, the number of synchronous cells equals to three. Figure C1(b) also shows the asynchronous network, but the cells in a cluster which consists of three cell sites as shown for the CoMP evaluation assumption in [6]. In this case, the number of synchronous cells equals to nine. Figure C1(c) shows the synchronous network for all the 57 cells. This synchronous network case has been evaluated in [3].
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(a) Synchronous network within a cell site           (b) Synchronous network within a cluster 

(Number of synchronous cells = 3)                      (Number of synchronous cells = 9)
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(c) Synchronous network for all cells

        (Number of synchronous cells = 57)

Figure C1 – Asynchronous network models.
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