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1. Introduction

At the RAN4#60bis meeting, the evaluation steps and timeline were agreed in [1] as follows.
RAN4 #60bis:

· Agree the evaluation methodologies and initial simulation assumption

RAN4 #61:

· Provide the evaluation results for interference modeling and agree the interference modeling (DIP)/ profile from system level simulations

· Agree the detail of link level / system level simulation assumption

· E.g. Transmission mode for serving cell and interference cells

· E.g. Ratio of transmission rank-1 over total transmission signals for interference signals

· E.g. Only fixed MCS or both fixed MCS and Outer-loop link adaptation (target:10% BLER)
RAN4 #62

· Provide the link level simulation results

· Provide the system level simulation results by interested companies

· Finalize TR

At the RAN4#60bis meeting, transmission mode to be investigated during the SI phase was discussed regarding to the evaluation methodologies and simulation assumption. We believe that the improvement employing TM3 (or TM2) is important, since it is the most popular transmission mode for Rel-8. Therefore, the initial investigation results for TM2 is presented in this contribution, following the interference models defined in the companion contribution [2]
2. Link Level Performance Evaluation of MMSE-IRC Receiver for SFBC Transmission
2.1 Simulation Assumptions for Link Level Performance Evaluation

Simulation assumptions for link level performance evaluation are shown in Table 1, which was based on [1]. As additional parameters compared to [1], we employ TM2 and TM3 as the transmission mode on serving cell and interference cells, respectively. The number of transmission ranks for interference signals is assumed to be randomly changed from subframe to subframe with 3 PRBs frequency granularity. The ratio of Rank-1 and Rank-2 transmission is assumed to be 86.9:13.1, which is based on the evaluation results for 3GPP Case 1 scenario described in [2]. 2-by-2 MIMO configuration with low correlation case is employed. As UE feedback configuration, we assumed that CQI feedback periodicity is 2 msec and feedback delay is 8 msec. Resource allocation is assumed to be Full band (50 PRBs) as an initial evaluation. The number of interfering cells is assumed to be two. Geometries are assumed to be -3 dB and 0 dB cases. In these cases, the DIP values shown in Table 1 are employed, which are based on the investigations on interference profiles for 3GPP Case 1 scenario in [2].To evaluate the actual gains of MMSE-IRC receiver, we employ outer-loop link adaptation with 10% target BLER for the 1st transmission. In this contribution, we evaluate the MMSE-IRC receiver using CRS based covariance matrix estimation scheme described in [3] and the Rel.8 baseline receiver, i.e., MMSE receiver for comparison. Furthermore, regarding the number of PRBs for covariance matrix averaging of MMSE-IRC receiver, we assume only 1 PRB and 2 PRBs cases in this contribution. The details of receiver weight matrix generation schemes are shown in the Annex. 
Table 1. Simulation assumptions for link level performance evaluation
	Parameter
	Scenario 1 (CRS based)

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode on serving cell
	TM2

	Transmission mode on interference cell
	TM3

	Number of transmission ranks for interference signals,
% of rank-1 and % of rank-2 
	Randomly changing from subframe to subframe,
Frequency granularity is 3 PRBs,
86.9% of rank-1 and 13.1% of rank-2 

	MIMO configuration
	2 x 2, low correlation

	Channel model and Doppler frequency
	EVA, 3km/h, 
Use different channel seed for between cells

	CRS configuration
	2 CRS

	PCFICH
	CFI = 2

	H-ARQ
	8 HARQ processes and max 4 transmissions

	UE feedback configuration
	CQI feedback periodicity: 2 ms
Feedback delay: 8 ms

	Outer-loop link adaptation target BLER
	10 % target BLER for the 1st transmission

	PCFICH/PDCCH detection
	Not considered

	Resource allocation
	Full band (50 PRB)

	Cyclic prefix
	Normal

	Simulation length
	3000 sub-frames x 20 seeds

	Number of interfering cells
	2

	Geometry (DIP values)
	-3 dB (-3.02 dB, -4.97 dB), 0 dB (-3.01 dB, -7.42 dB)

	Receiver
	Rel.8 baseline (MMSE) receiver, MMSE-IRC receiver using CRS based covariance matrix estimation (detailed in Annex)


2.2 Link Level Performance Evaluation Results

Table 2 and 3 show the throughput performance results of each receiver for -3 dB and 0 dB geometry case, respectively. From the results, we can see that the gains of MMSE-IRC receiver compared to Rel.8 baseline (MMSE) receiver can be obtained. Especially for the lowest geometry case, i.e., -3 dB geometry case, MMSE-IRC receiver achieves exceeding 10% gains even when the number of PRBs for covariance matrix averaging is assumed to be only 1 PRB. 

As shown in the evaluation results, since it is clarified that MMSE-IRC receiver can suppress the sources of interference even when SFBC transmission is employed, we again propose that the gains of MMSE-IRC receiver for TM3 or at least TM2 should be evaluated at the SI phase.
Table 2. Throughput performance for -3 dB geometry case
	
	Rel.8 baseline (MMSE) receiver
	MMSE-IRC receiver using CRS based covariance matrix estimation

	
	
	Avg. 1 PRB
	Avg. 2 PRBs

	Throughput (Mbps)
	3.10
	3.53
	3.61

	Gain from MMSE receiver (%)
	-
	+13.9
	+16.5


Table 3. Throughput performance for 0 dB geometry case
	
	Rel.8 baseline (MMSE) receiver
	MMSE-IRC receiver using CRS based covariance matrix estimation

	
	
	Avg. 1 PRB
	Avg. 2 PRBs

	Throughput (Mbps)
	5.62
	5.88
	6.01

	Gain from MMSE receiver (%)
	-
	+4.6
	+6.9


3. Conclusion
In this contribution, we evaluated the initial link level performance of MMSE-IRC receiver to define the detail of link level simulation. Since we considered that TM3 is mainly employed as Rel. 8 LTE transmission mode for a lot of worldwide operators, we believed that the gains of MMSE-IRC receiver for TM3 or at least TM2 (only SFBC (Rank-1) transmission) should be evaluated. As an initial evaluation, to confirm the gains of MMSE-IRC receiver especially at the cell-edge, we employed only SFBC (Rank-1) transmission assuming TM2.

As shown in the evaluation results, since it was clarified that MMSE-IRC receiver can suppress the sources of interference even when SFBC transmission was employed, we proposed that the gains of MMSE-IRC receiver for TM3 or at least TM2 should be evaluated at the SI phase.
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Annex Receiver Weight Matrix Generation Schemes for SFBC Transmission
A.1 Signal Model for SFBC Transmission

In this section, the following signal model is assumed for the simplicity as shown in Fig. A1.
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(A1)
where m represents SFBC symbol index, ri(2m) and  ri(2m+1) are the received signals for each part of  m-th SFBC symbol at i-th receiver antenna, ni(2m) and  ni(2m+1) are the noise coefficient for each part of  m-th SFBC symbol at i-th receiver antenna. hij,q is the channel coefficient between i-th receiver antenna and j-th transmitter antenna at q-th cell, and dq(2m), dq(2m+1) are the symbols coded by SFBC at q-th cell. Here, q = 1 denotes the serving cell in this contribution. Using vectors and matrices expression, (A1) is represented as follows.
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The recovered signal vector, 
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, is detected by using the (2 × 4) receiver weight matrix WRX,1(k,l) as follows.
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where, k, l indicate the k-th subcarrier and the l-th OFDM symbol, respectively.
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Figure A1 – MMSE-IRC receiver concept.
A.2 Receiver Weight Generation 

A.2.1 Rel. 8 baseline (MMSE) receiver

Rel. 8 baseline receiver, i.e., MMSE receiver, only suppresses the inter-stream interference, i.e., separates the multiple data streams that achieve the maximum SINR of each data stream, within a cell. Here, the inter-cell interference is assumed to be AWGN and represented as a scaled identity matrix. In the special case of a one-stream transmission, the MMSE receiver is equivalent to the MRC receiver. Once the estimated channel matrix from the serving cell, i.e., 
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, is obtained, the covariance matrix without the inter-cell interference can be calculated using this channel matrix from the serving cell, the interference power from other cells, 
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. Therefore, the MMSE weight matrix is obtained as follows.
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(A4)

where P1 is the transmission power of the serving cell. 

A.2.2 MMSE-IRC receiver

MMSE-IRC receiver 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, and MMSE-IRC receiver weight matrix is expressed as follows.
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where 
[image: image11.wmf]N
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denotes the estimated covariance matrix. To obtain MMSE-IRC receiver weight matrix, the covariance matrix including the sources of inter-cell interference should be estimated using the receiver signals, and some kinds of the estimation scheme could be assumed as described in [3]. Considering TM2, which is based on CRS transmission, in this contribution, we consider the following covariance matrix estimation scheme.
· CRS based covariance matrix estimation scheme

Basically, the covariance matrix, 
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, is estimated using following equations.
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where Nsp denotes the number of samples for averaging and r(k,l) in (A7) is defined as the (4 × 1) received signal vector, i.e., 
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 in (A7) means that interference and noise component is extracted using CRS and estimated channel. 

Considering SFBC transmission, however, the interference and noise component only at one part of SFBC symbol transmitted from the interfering cell are extracted as shown in Fig. A2. Therefore, the covariance matrix only including interference and noise component at one part of SFBC symbol, 
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For SFBC transmission, if no channel fluctuation in time and frequency domains is assumed, there is a relationship between the covariance matrices only including interference and noise component at each part of SFBC symbol, 
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Using the above relationship, the required covariance matrix, 
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, is calculated as follows.
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The matrix C in (A10) is unknown parameter because these parameters are the covariance between the each part of SFBC symbol at the same or different receiver antennas. In this contribution, we propose that this unknown matrix, C, is set to O matrix, which consists of 0 for all elements.
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Figure A2 – Extracting interference and noise component                                                                 using CRS based covariance estimation for SFBC transmission.
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