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1 Introduction
In RAN1#69 meeting, it has been agreed that 
Working assumption:
· The maximum size of the CoMP measurement set supported in Release 11 is three non-zero power CSI-RS resources
· Introduce a constraint to limit the UE processing requirements when more than a certain number of CSI reports are configured

· FFS what the constraint is 

· FFS what the “certain number” is
Agreement:

· The eNB configures the CSI(s) to be reported by the UE

· A Rel-11 UE can be configured to report one or more CSIs per CC
· Each CSI is configured by the association of

· Channel part: one NZP CSI-RS resource in CoMP Measurement Set

· Interference part: 
· one Interference Measurement Resource (IMR) which occupies a subset of REs configured as Rel-10 ZP CSI-RS
· FFS whether one or two NZP CSI-RS resources can be configured, on which ports the UE assumes the transmission of an isotropic signal to be considered as interference in addition to the interference measured on the configured IMR
· Configuration of multiple CSIs
· IMRs associated with different CSIs can be configured independently
· If NZP CSI-RS resources are configured (as per the FFS above), they can be different for different CSIs
· FFS the maximum number of CSIs configurable for one UE
· This does not affect the ability to configure subframe subsets for CSI reporting

· If PMI/RI reporting is configured, each CQI is associated with a PMI+RI

Note : this is independent of consideration of sub-band / wideband CQI values. 

In this contribution, we state our views on the remaining details
· Whether one or two NZP CSI-RS resources can be configured for the interference part of CSI feedback, on which ports the UE assumes the transmission of an isotropic signal to be considered as interference in addition to the interference measured on the configured IMR
· Maximum number of CSIs configurable for one UE

2 Discussion

In the last meeting, there are two alternatives for the interference measurement of CoMP.

Alt1: CQI measurement using multiple zero-power (ZP) CSI-RSs as IMRs directly configured without UE emulation (Note: It is possible to configure one ZP-CSI-RS and perform estimation by eNB implementation)
Alt2: CQI measurement using one ZP-CSI-RS as IMR only but need UE emulation for a particular CoMP interference hypothesis

For Alt2, it was proposed to configure a single ZP-CSI-RS for interference measurement, corresponding to the interference outside CoMP measurement set [1]. The interference within the CoMP measurement set is compensated by UE for a particular CoMP interference hypothesis for CSI reporting. The emulated interference is calculated by using one or two non-zero-power (NZP) CSI-RS resources. UE assumes the transmission of an isotropic signal to be considered as interference in addition to the interference measured on the configured IMR.

Taking the CoMP measurement set {point 0, 1, 2} as an example, we use non-zero-power (NZP)CSI-RS {NZP-CSI-RS0, NZP-CSI-RS1, NZP-CSI-RS2} for signal power {S0, S1, S2} measurement of point 0, 1 and 2, respectively. The IMR for the interference outside CoMP measurement set 
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Assuming 3-point CoMP measurement set, the combinations of CoMP points include the 2-point coordination and 3-point coordination. Considering 2-point CoMP can achieve most CoMP gain [2][3], 2-point coordination is prioritized for the sake of feedback overhead reduction. In addition, since non-CoMP transmission at serving point should be always supported, the coordination including the serving point 0, such as CoMP cooperating set {point 0, 1} and {point 0, 2}, should be informed to UE for CSI reporting. 
Table 1 CSI processes for different CoMP reporting set
	CoMP reporting set
	w/o blanking
	w/ blanking
	Possible schemes

	{point 0, 1}
	CSI0, CSI1
	CSI01, CSI10
	non-CoMP, CS/CB, JT, DPS/DB, DPS/nDB

	{point 0, 2}
	CSI0, CSI2
	CSI02, CSI20
	non-CoMP, CS/CB, JT, DPS/DB, DPS/nDB


By using the terminology proposed in [4], one “CSI process” is defined as the association of one channel part and one interference part. On top of such a definition, we discuss the RRC configuration for CoMP CSI feedback. Table 1 shows the CSI processes to be configured for different CoMP reporting set and possible supportable CoMP schemes, where DPS/DB and DPS/nDB denote DPS with dynamic blanking and DPS without dynamic blanking, respectively. In Table 1, 
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 denotes the CSI process with the association between the signal power at point i and the interference outside point i; while, 
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 means the CSI process with the association between the signal power at point i and the interference outside {point i, point j}. From Table 1, we can see that maximum 7 CSI processes are required for one CoMP candidate UE to apply CoMP between the serving cell and another cell in the 3-piont CoMP measurement set.
Observations: 
· Assuming a 3-point CoMP measurement set, the CSI feedback of all combinations for 2-point coordination and 3-point coordination costs unbearable overhead. 
· For the sake of overhead reduction, the 2-point CoMP including serving cell as a cooperating cell is prioritized to achieve most CoMP gain, where maximum 7 CSI processes are required for UE reporting.
Proposal1:

· To support the coordination between the serving point and another point in the 3-point CoMP measurement set, maximum 7 CSI processes are required to be configured for UE reporting.
According to Alt1, we directly configure 
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 as IMRs of the interference 
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 outside {point 1} and 
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 outside {point 0, 1}. Thereafter, the CSI processes in Table 1 for CoMP reporting set {point 0, point1} can be configured as:
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where 
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 is same as the CSI configuration for non-CoMP transmission in Rel.10.
Similarly, by directly configuring 
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 as IMRs of the interference 
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 outside point 2 and 
[image: image14.wmf]}

2

,

0

int

{

po

I

 outside {point 0, 2}, the CSI processes in Table 1 for CoMP reporting set {point 0, point2} can be configured as:
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In case of Alt2, instead of directly configuring the IMRs for 
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, the UE-emulated interference outside {point 0, 1} and that outside {point 0, 2} is calculated as [1]
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Accordingly, the configured CSI processes for CoMP reporting set {point 0, point1} are illustrated as


[image: image19.wmf]{

}

{

}

{

}

{

}

ï

ï

î

ï

ï

í

ì

}

2

,

1

,

0

int

{

2

1

0

1

}

2

,

1

,

0

int

{

2

0

1

0

}

2

,

1

,

0

int

{

2

0

1

1

0

0

RS

-

CSI

-

ZP

,

RS

-

CSI

-

NZP

,

RS

-

CSI

-

NZP

:

CSI

RS

-

CSI

-

ZP

,

RS

-

CSI

-

NZP

,

RS

-

CSI

-

NZP

:

CSI

RS

-

CSI

-

ZP

,

RS

-

CSI

-

NZP

,

RS

-

CSI

-

NZP

,

RS

-

CSI

-

NZP

:

CSI

RS

-

CSI

-

NZP

:

CSI

po

po

po

,
and that for CoMP reporting set {point 0, point2} as
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,
where the 1st NZP-CSI-RS is used for signal power measurement and the 2nd (and 3rd) NZP-CSI-RS(s) is(are) used for interference measurement in addition to the interference measured on the configured IMR.
For the 2-point coordination within a 3-point CoMP measurement set, we can see that Alt1 has less UE complexity and higher accuracy compared with Alt2 by adding more ZP-CSI-RSs as IMRs but less number of NZP-CSI-RSs. In addition, the RRC signaling of CSI processes configuration is more straightforward for Alt1. 
Considering the pros and cons of Alt1 and Alt2, we consider a hybrid way, as illustrated as follows. In order to support dynamic coordination between CoMP reporting set {point 0, 1} and {point0, 2}, we configure 
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 as two IMRs. Therefore, the interference outside {point 1} and {point 2} can be calculated by UE as:
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so that the CSI processes in Table 1 for CoMP reporting set {point 0, point1} can be configured as:
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and those for CoMP reporting set {point 0, point2} can be configured as:
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Table 2 Comparison among Alt1, Alt2 and the hybrid way of Alt1 and Alt2 for each CoMP reporting set ({point 0, point1} or {point 0, point2})
	For 2-point coordination within a 3-point CoMP measurement set
	Alt1: CQI based on multiple ZP-CSI-RSs without UE emulation
	Alt2: CQI based on One ZP-CSI-RS plus UE emulation
	Hybrid approach of Alt1 and Alt2

	NZP-CSI-RSs for instantaneous CSI process measurement
	Small 
(2 NZP-CSI-RSs)
	Large 
(3 NZP-CSI-RSs)
	Small 
(2 NZP-CSI-RSs)

	ZP-CSI-RSs for instantaneous CSI process measurement
	Large 
(4 ZP-CSI-RSs)
	Small 
(1 ZP-CSI-RS)
	Medium 
(2 ZP-CSI-RSs)

	UE Complexity
	Simple
	Complicated (3 calculation of UE emulation)
	Medium (1 calculation of UE emulation)

	CQI accuracy test
	No additional RAN4 test
	Need additional RAN4 test
	Need additional RAN4 test


Table 2 compares Alt1, Alt2 and the hybrid way for a CoMP reporting set of {point 0, 1} or {point 0, 2} in the perspective of configured NZP-CSI-RSs, ZP-CSI-RSs, UE complexity and CQI accuracy. We can see that Alt1 may need larger number of configured ZP-CSI-RSs for IMRs than Alt2. Although those configured IMRs can be shared by other UEs with overlapping CoMP measurement set [5], the CSI-RS configuration at eNB side may become complicated.
The number of IMRs for Alt1 may be reduced in different ways. One way is to re-use the configured non-zero-power CSI-RS resources to measure the interference without blanking. For example, we use NZP-CSI-RS1 to obtain both the signal power and interference 
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 is not needed, which is same as the way to measure CSI0 for non-CoMP transmission in Rel.10. However, there may be concerns that the channel and interference power estimated from the same NZP-CSI-RS may be not accurate enough due to the low density of CSI-RS. Another way is to relay on eNB estimation to obtain CQI0 and CQI2 by using CSI with muted interference so that the ZP-CSI-RS for 
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 is not configured for CoMP reporting set {point 0, 1} and {point 0, 2}, respectively. The mismatch of eNB estimation can be compensated by OLLA.
Besides the above approaches, the number of ZP-CSI-RSs can also be reduced by using hybrid approach of Alt1 and Alt2 as shown in Table 2. Such a hybrid way is a good compromise, which may help configuring less number of ZP-CSI-RSs to simplify the eNB configuration as well as reducing the UE complexity of emulation. From the perspective of CQI accuracy, a RAN-4 test for the use of NZP-CSI-RS resources for interference emulation needs to be specified.
Observations: 
· For the 2-point coordination within a 3-point CoMP measurement set, we can see that Alt1 with multiple ZP-CSI-RSs as IMRs is more straightforward with less UE complexity and higher accuracy, compared with Alt2 with only one IMR.
· However, Alt1 may need the eNB to configure multiple ZP-CSI-RSs on a per-UE basis and to properly share the UE-specific ZP-CSI-RSs among the UEs with overlapping CoMP measurement set for overhead reduction

· A hybrid approach of Alt1 and Alt2 may reduce the eNB configuration complexity with less number of configured ZP-CSI-RSs, as well as the UE complexity with less times of interference emulation.
· However, a RAN-4 test for the use of NZP-CSI-RS resources for interference emulation needs be specified.

Based on the above observations, we propose
Proposal2: 
· If a RAN-4 test for the use of NZP-CSI-RS resources for interference emulation can be specified, a hybrid approach of directly configuring multiple ZP-CSI-RSs for interference with blanking and additionally configuring NZP-CSI-RS to emulate the interference without blanking can be considered. Otherwise, no use of one or two NZP CSI-RS resources is preferred for the interference part of CSI feedback.
3 Conclusions

In this contribution, we state our views on the remaining issues, which should to be decided in RAN1#70 meeting.
Proposal1:

· To support the coordination between the serving point and another point in the 3-point CoMP measurement set, maximum 7 CSI processes are required to be configured for UE reporting.
Proposal2: 
· If a RAN-4 test for the use of NZP-CSI-RS resources for interference emulation can be specified, a hybrid approach of directly configuring multiple ZP-CSI-RSs for interference with blanking and additionally configuring NZP-CSI-RS to emulate the interference without blanking can be considered. Otherwise, no use of one or two NZP CSI-RS resources is preferred for the interference part of CSI feedback.
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