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1. Introduction
Appropriate interference measurement is necessary to realize CoMP gains. Due to multiple CoMP scenarios and various special subframes where interference profile varies, UE may not be able to measure interference accurately without assistance from eNB. To this end, the following was concluded in RAN1#67
· The support provided in Rel-10 for interference measurements is not satisfactory for Rel-11.

· Interference measurements using CRS REs alone is not satisfactory for Rel-11.

It was also agreed in RAN1#67 to

· Specify in RAN1 specifications the possibility to UE-specifically configure specific REs for interference measurement. 
· Study further until RAN1#68 which REs to use. 

2. Interference Measurement Approaches

Interference measurement for CoMP can be classified into three approaches.
1. Zero power CSI-RS based
2. Non-Zero power CSI-RS based
3. Hybrid of Zero and Non-zero power CSI-RS

For the case of zero power CSI-RS, let the received observations in REs (f,t) be
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  where I is the set of dominant interferers in the cluster for the UE and n represents interference +noise outside the cluster. The UE computes the interference covariance directly by
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  where F(f) is a frequency window centered around f while T(t) is a time window centered at t.

For non-zero power CSI-RS, let the received observations for the kth CSI-RS resource be
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 where nk represents interference +noise outside the coordination cluster. The covariance is computed as follows
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where
follows from channel and noise estimation.
For the hybrid method, interference is measured from both zero and nonzero power CSI-RS. 
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Following is an example of the hybrid method. Consider the case where the UE is configured to measure CSI-RS Set={1,3,4,6,7} where the CSI-RS resource  7 is zero power CSI-RS intended for interference measurement.

From CSI-RS resources 1,3,4,6, the UE estimates HK (k=1, 3, 4, 6). Assume that the eNB determines the transmission set to be {1 4} and the UE is indicated of the transmission set. Then the interference covariance is computed as below which is a combination of both zero and nonzero power CSI-RS.
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As transmission set can be a down-selected version of  CSI-RS set, measurements based on zero power CSI-RS is well suited for joint transmission since interference outside the cluster is not taken into account by the UE and JT minimizes interference within cluster. However, both zero power and non zero power CSI-RS do not work well for all CoMP hypotheses. The hybrid version however is well suited to handle interference within and outside the coordinating cluster and therefore suitable for all CoMP transmission schemes.
Proposal:

We propose a hybrid interference measurement method in which zero-power CSI-RS captures the interference outside the coordinating cluster while the non-zero power CSI-RS captures interference within the CoMP cooperating cluster. An appropriate transmission sent indicator is also sent dynamically or semi statically depending upon the time scale of the transmission set variations.
3. Conclusions
We analyzed possible approaches for interference measurement in CoMP and we recommend that a hybrid method consisting of zero power CSI-RS and non-zero power CSI-RS resources be utilized for interference measurement. Such a method can support all possible CoMP transmission schemes, namely JT, DPS and CoBF.
4. Reference
[1] 3GPP TR 36.819 V1.2.0(2011-09) Coordinated Multi-Point Operation for LTE Physical Layer Aspects 
[2] 3GPP RAN1 Chairman Notes, RAN1#67, San Francisco, November 2011













































































































































































































































� EMBED Equation.3  ���











� EMBED Equation.3  ���








� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���








- 1/2 -

[image: image9.wmf])

,

(

)

,

(

)

,

(

)

,

(

t

f

n

t

f

x

t

f

H

t

f

y

i

I

i

i

INT

+

=

å

Î

[image: image10.wmf])

,

(

)

,

(

)

,

(

*

)

(

)

(

n

m

y

n

m

y

t

f

K

t

T

n

f

F

m

å

Î

Î

=

[image: image11.wmf])

,

(

)

,

(

)

,

(

)

,

(

t

f

n

t

f

x

t

f

H

t

f

y

k

k

k

k

+

=

[image: image12.wmf])

,

(

ˆ

)

,

(

ˆ

)

,

(

*

)

(

),

(

,

n

m

n

n

m

n

t

f

K

k

t

T

t

f

F

m

k

k

å

Î

Î

=

[image: image13.wmf]{

}

)

:)

,

(:

(

))

,

(

ˆ

),

,

(

ˆ

(

k

k

k

y

f

n

m

H

n

m

n

=

[image: image14.wmf])

,

(

)

,

(

)

,

(

)

,

(

t

f

n

t

f

x

t

f

H

t

f

y

i

I

i

i

INT

+

=

å

Î

[image: image15.wmf]å

å

Ï

Î

Î

+

=

TS

k

k

k

INT

t

T

n

f

F

m

INT

t

f

H

t

f

H

n

m

y

n

m

y

t

f

K

)

,

(

ˆ

)

,

(

ˆ

)

,

(

)

,

(

)

,

(

*

*

)

(

)

(

[image: image16.wmf])

,

(

ˆ

)

,

(

ˆ

)

,

(

ˆ

)

,

(

ˆ

)

,

(

)

,

(

)

,

(

*

6

6

*

3

3

*

7

)

(

)

(

7

t

f

H

t

f

H

t

f

H

t

f

H

n

m

y

n

m

y

t

f

K

t

T

n

f

F

m

+

+

=

å

Î

Î

_1389628189.unknown

_1389628261.unknown

_1389633081.unknown

_1389628006.unknown

_1389628082.unknown

_1389628155.unknown

_1389628025.unknown

_1389627894.unknown

