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1. Introduction

At the RAN#55 meeting, Advanced receiver WI was agreed based on the following objective [1]. 

· Specify the performance requirements for demodulation tests to verify that LMMSE-IRC gains are achieved by practical implementations. 

· Specify the baseline receiver and conformance test conditions to mitigate inter-cell interference following the conclusion of study item phase: 

· LMMSE-IRC receiver should be considered as baseline receiver structure targeting spatial domain interference mitigation

· Network deployment scenarios and interference modeling should be considered according to the conclusion and evaluation results of study item, e.g. DIP distribution number of interfering cells and synchronous network deployments. Note that further evaluation of DIP distributions conditioned to G=-2.5dB is additionally planned.

· Both CRS- and DM-RS based transmission modes should be covered on both serving and interfering cells. The detailed modes should be specified with test conditions.

· Complexity of interference modelling for the performance requirements and conformance testing shall be taken into account.
· Gains for asynchronous network deployments were not concluded in the study item phase due to the limited input contributions. The need for requirements covering asynchronous deployments may therefore be investigated in the WI phase.
From the above, some test coverage and parameters, e.g. Interference modeling, will be specified based on SI phase agreement/ working assumption. However, it would be needed to discuss about the transmission modes with test conditions and requirements, additionally. This objective indicates RAN4 will discuss the transmission nd TM9 with single/dual-layer as interfering cells

















This contribution proposes the test coverage and transmission mode for MMSE-IRC receiver requirements from operator’s point of view.
2. Discussion

  In SI phase, the following transmission modes were agreed as simulation assumption [1], and transmission mode 3 was not agreed as simulation assumption to reduce the simulation work.

· CRS based transmission: TM6 as serving cell and TM4 as interfering cells

· CSI-RS based transmission: TM9 with single-layer as serving cell and TM9 with single/dual-layer as interfering cells

· Other transmission modes are not precluded in WI.

Some operators have deployed by TM3 because that this mode could be performing better than that of TM4 in some cases, such as middle/ high speed environments, due to feedback latency. On the other hand, TM4 would be utilized to obtain high throughput in other environment. It is difficult to modify the transmission mode because of the connectivity for current UE. Therefore, both TM3 and TM4 test scenarios should be defined for CA demodulation performance scenario, taking all things consideration for actual CA deployment.

Taking into account the feedback latency and UE mobility speed on realistic network, TM3 can provide higher throughput than that of TM4, therefore, TM3 is mainly employed as Release 8 LTE transmission mode for a lot of worldwide operators. The bar is high to modify the operating transmission mode to keep the connectivity for current Rel.8/9 UE. To certify the MMSE-IRC receiver performance on the LTE network and actual deployment, we believe that the test coverage of MMSE-IRC receiver for TM2 as serving cell and TM3 as interfering cells should be defined in addition to TM4 and TM9 from operator’s point of view.
Propose 1) Transmission mode 3, 4 and 9 test scenarios should be defined for MMSE-IRC receiver.

3. Conclusion

This contribution proposed the test coverage for MMSE-IRC receiver. Our proposal is shown in below:

Propose 1) Transmission mode 3, 4 and 9 test scenarios should be defined for MMSE-IRC receiver.

  And the receiver structure and performance gain for TM2/3 compared to Release 8 baseline receiver is shown in Annex as a reference.
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Annex Receiver Weight Matrix Generation Schemes for SFBC Transmission [4]

A.1 Signal Model for SFBC Transmission

In this section, the following signal model of the m-th space-frequency block coded information signals (called as SFBC symbol hereafter) is assumed for the simplicity as shown in Fig. A1.


[image: image1.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

+

+

+

ú

û

ù

ê

ë

é

-

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ë

é

-

-

+

ú

û

ù

ê

ë

é

-

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ë

é

-

-

=

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

+

+

)

1

2

(

)

1

2

(

)

2

(

)

2

(

)

(

)

(

)

(

)

(

)

1

2

(

)

1

2

(

)

2

(

)

2

(

*

2

*

1

2

1

*

2

,

2

2

,

1

*

2

,

21

*

2

,

22

*

2

,

11

*

2

,

12

2

,

22

2

,

21

2

,

12

2

,

11

*

1

,

2

1

,

1

*

1

,

21

*

1

,

22

*

1

,

11

*

1

,

12

1

,

22

1

,

21

1

,

12

1

,

11

*

2

*

1

2

1

m

n

m

n

m

n

m

n

m

d

m

d

h

h

h

h

h

h

h

h

m

d

m

d

h

h

h

h

h

h

h

h

m

r

m

r

m

r

m

r

,

(A1)

where 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 s1,q(m) and s2,q(m) are the m-th space-frequency block coded information signals of the 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, 
[image: image3.wmf])
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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 A1.1 – 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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where P1 is the total transmission power per RE of the serving cell, and 
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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: image12.wmf]R

denotes the (4(4) 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 [5]. 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

The (4(4) covariance matrix extending the dimensions, R, is expressed as follows.
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Here, RI+N is the (4(4) covariance matrix only including the interference and noise components. RI+N is defined as follows.
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where E[(] denotes the expectation operation. Expanding (A8), RI+N  is expressed as follows.

[image: image16.wmf]ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ë

é

+

+

+

+

+

+

+

+

+

+

=

+

2

2

1

*

2

*

1

*

2

2

*

1

2

1

*

2

*

1

1

2

2

2

*

1

2

2

1

*

2

1

2

1

N

I

)

1

2

(

~

)

1

2

(

~

)

1

2

(

~

0

)

2

(

~

)

1

2

(

~

)

1

2

(

~

)

1

2

(

~

)

1

2

(

~

)

2

(

~

)

1

2

(

~

0

0

)

1

2

(

~

)

2

(

~

)

2

(

~

)

2

(

~

)

2

(

~

)

1

2

(

~

)

2

(

~

0

)

2

(

~

)

2

(

~

)

2

(

~

m

r

m

r

m

r

m

r

m

r

m

r

m

r

m

r

m

r

m

r

m

r

m

r

m

r

m

r

m

r

m

r

m

r

m

r

m

r

m

r

E

R

, (A9)

Note that the covariance between the adjacent two subcarriers, i.e., 
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)]

1

2

(

~

)

2

(

~

[

=

+

m

r

m

r

E

i

i

, at the same receiver antenna branch is assumed to be zero based on the property of Alamouti coding. Here, the (2(2) covariance matrices only including the interference and noise components for each RE, RI+N,1 and RI+N,2, are defined as follows.
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When the channel fluctuation in time and frequency domains is sufficiently small, the following formula is true based on the property of Alamouti coding.
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Superscript T denotes the transpose.

The RS based covariance matrix estimation scheme using CRS is applied by using (A9)-(A11). Based on this estimation scheme, only the covariance matrix for each subcarrier, RI+N,1, can be estimated. Specifically, using the CRS sequence of the serving cell, which is known at the receiver, RI+N,1 is estimated as follows.

[image: image20.wmf](

)

(

)

CRS)

(

    

)

,

(

)

,

(

)

,

(

)

,

(

1

ˆ

,

1

1

CRS

1

1

CRS

sp

N,1

I

Î

-

-

=

å

Î

+

k,l

l

k

P

l

k

l

k

P

l

k

N

CRS

l

k

H

p

H

r

p

H

r

R

)

)

)

)

, 

(A12)
In (14), 
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, p1(k,l), PCRS, and Nsp are the estimated (2(2) covariance matrix, the CRS sequence of the serving cell at the k-th subcarrier and the l-th OFDM symbol, the transmit power of the CRS, and the number of averaged samples, respectively. 
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is the extracted matrix from the 1st and 2nd rows of 
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 defined as the estimated (4(2) channel matrix using CRS. 
[image: image24.wmf])
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is the column vector composed of the 1st and 2nd components of r(m), and expressed specifically using the k-th subcarrier and the l-th OFDM symbol. Using (A10)-(A12), (A9) can be expressed as follows.
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where 
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 is the estimated (4(4) covariance matrix only including the interference and noise components. In (A13), the components that are not estimated are the covariance between the different subcarrier and different receiver antenna branch. These components cannot be estimated using the RS based estimation scheme. In this contribution, we propose the “zero” insertion for these components. As the result of the proposed scheme, 
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is expressed as follows.
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Here, O indicates the (2(2) zero matrix. From (A5), (A6), and (A14), the IRC receiver weight matrix can be generated. Note that based on the property of Alamouti coding, the property of the weight matrix is not changed even if the covariance matrix of the serving cell is not included in (A6). Therefore, the weight matrix is derived as follows.
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From (A15), only the (2(2) matrix inversion is required. Furthermore, since 
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 is the covariance matrix for each RE in the spatial dimension, the weight matrix of (A17) is equivalent to combining the signals in the code dimension after suppressing the interference signals for each RE in the spatial dimension. 

A.3 Evaluation results 
The MMSE-IRC receiver gain is shown in Table A.3.1 based on agreed simulation assumption on CRS based scenario (changing only transmission mode on CRS based assumption) [2] and DIP evaluation results [3].

	Table A.3.1  Throughput performance evaluation results
　
	Geometry = 0 dB
	Geometry = -2.5 dB

	
	Rel.8 baseline receiver
	MMSE-IRC receiver using RS based est.
	Rel.8 baseline receiver
	MMSE-IRC receiver using RS based est.

	MCS index #7
	4.82 Mbps
	5.16 Mbps
	2.60 Mbps
	3.07 Mbps

	
	　
	(+7.0%)
	
	(+18.2%)

	MCS index #8
	4.68 Mbps
	5.07 Mbps
	2.57 Mbps
	2.98 Mbps

	
	　
	(+8.4%)
	
	(+16.3%)

	MCS index #9
	4.24 Mbps
	4.58 Mbps
	2.52 Mbps
	2.89 Mbps

	
	　
	(+8.1%)
	
	(+14.6%)

	Outer-loop link adaptation
	4.91 Mbps
	5.21 Mbps
	2.69 Mbps
	3.24 Mbps

	
	　
	(+6.1%)
	
	(+20.5%)






































































































































- 1/7 -

_1393676921.unknown

_1393678306.unknown

_1393678656.unknown

_1393679866.unknown

_1393685948.unknown

_1393679978.unknown

_1393678786.unknown

_1393678926.unknown

_1393678679.unknown

_1393678615.unknown

_1393678630.unknown

_1393678342.unknown

_1393677550.unknown

_1393678238.unknown

_1393678276.unknown

_1393677595.unknown

_1393677067.unknown

_1393677329.unknown

_1393676934.unknown

_1393675478.unknown

_1393675933.unknown

_1393675947.unknown

_1393676769.unknown

_1393675804.unknown

_1381944063.unknown

_1381944211.unknown

_1381944219.unknown

_1381944202.unknown

_1381944041.unknown

