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1. Introduction
Interference measurement affects CQI greatly. The mismatch between interference seen and measured from always-on non-precoded pilots (e.g., CRS) and the actual interference on data RE is a widely recognized problem. RAN1#68bis had made the following progress after a lot of discussion (see [1]-[7]):
Agreement:

· At least one Interference Measurement Resource (IMR) can be configured for a Rel-11 UE

· FFS whether a maximum of only one or multiple IMRs can be configured for a Rel-11 UE

· Each IMR consists of only REs which can be configured as Rel-10 CSI-RS resources

· FFS whether REs of an IMR are allowed to be configured as non-zero-power CSI-RS resources

· FFS whether an IMR can have finer granularity than 4 REs/PRB

Revisit FFSs on RAN1#69. 

In this contribution, we discuss further details of interference measurement, especially with respect to the above FFS items.
2. Discussion
Number of CSI-RS-resources and IMRs

Since different CoMP schemes will result in different interference sceanrios, defining an IMR for each possible CoMP scheme can increase the feedback overhead and UE measurement burden significantly. Fortunately, such overhead and complexity can be avoided if orthogonal CSI-RS resources are used for different transmission points (TPs) in the COMP measurement set. Together with a measurement of out-of-set interference, which may be assisted by defining a single IMR set on which there is no transmission from all TPs within the CoMP measurement set. 
An example of 2-TPs COMP is illustrated in the table below, where ⨂ denotes intra-set transmission counted as total/partial interference, × denotes desired transmission, and 0 denotes zero-power transmission:
Table 1. 2-TP CoMP – Schemes, CSI-RS & IMR configurations, and interfrence sceanrios
	CoMP schemes
	Data transmission
	CSI-RS transmission
	Interference 

	
	TP1
	TP2
	TP1
	TP2
	

	DPS w/o muting
	⨂
	×
	× (P1)

0 (IMR2)
0 (IMR0)
	0 (IMR1)
× (P2)

0 (IMR0)
	P1+PIMR0 or directly from IMR1

	
	×
	⨂
	
	
	P2+PIMR0 or directly from IMR2

	DPS w/ muting
	×
	0
	
	
	PIMR0

	
	0
	×
	
	
	PIMR0

	JT
	×
	×
	
	
	PIMR0

	CBF
	⨂
	×
	⨂ 
	0 (IMR3)
	directly from IMR3

	
	×
	⨂
	0 (IMR4)
	⨂ 
	directly from IMR4


There are 7 different CoMP schemes. IMR0 is defined only for out-of-set interference measurement, i.e., PIMR0=Pout-of-set. Note that technically Pout-of-set  can be estimated from TP1’s and/or TP2’s CSI-RS, by reconstructing the CSI-RS signal from the channel estimation and then subtracting from the received signal.   The accuracy of Pout-of-set measurement depends on the accuracy of channel estimation. With the low density of CSI-RS, it is expected that the measurement accuracy will be worse than PIMR0 measured from IMR0 directly without any channel estimation. For DPS w/o muting, P1 or P2 is also needed for interference estimation, measurement accuracy of P1 or P2 also depends on channel estimation accuracy. Note that P1+PIMR0 can be alternatively estimated from the IMR1, i.e., the zero-power CSI-RS in TP2 (desired cell) is also used as an IMR.
IMR3 and IMR4 are defined if very precise post-CBF interference is needed to support a CBF scheme, i.e., if the approximation of direct measurement from IMR1 or IMR2 is not good enough.
Not counting CBF, we can see basically 2 or 3 CSI-RS resources are needed for 2-TP case. The zero-power CSI-RS resources can be used as IMRs. 

In the case of 3-TP CoMP, there will be 19 different schemes even without including CBF:

· 3 for DPS w/o muting (interference from 2 intra-set TP)

· 6 for DPS w/ muting of only one TP (interference from 1 intra-set TP)

· 3 for DPS w/ muting of two TPs (interference from out-of-set)

· 3 for JT with 2 TP transmitting and the other TP muting  (interference from 1 intra-set TP)

· 3 for JT with 2 TP transmitting and the other no muting (interference from 1 intra-set TP)

· 1 for JT from all 3 TPs (interference from out-of-set). 
Assuming we have orthogonal CSI-RS resources for better channel measurement of each of the 3 TPs in the CoMP measurement set. We also assume an IMR dedicated for out-of-set interference measurement, which amounts a total of 4 CSI-RS resources as illustrated below. 
Table 2. 3-TP CoMP – CSI-RS & IMR configurations, and interfrence sceanrios

	CSI-RS and IMRs
	Interference 

	TP1
	TP2 
	TP3
	

	× (P1)
	0 (IMR1)
	0 (IMR2)
	IMR1/ IMR2 only measures P1 + Pout-of-cell

	0 (IMR3)
	× (P2)
	0 (IMR4)
	IMR3/ IMR4 only measures P2 + Pout-of-cell

	0 (IMR5)
	0 (IMR6)
	× (P3)
	IMR5/ IMR6 only measures P3 + Pout-of-cell

	0 (IMR0)
	0 (IMR0)
	0 (IMR0)
	IMR0 only measures Pout-of-cell

	× (P1)
	× (P2)
	0 (IMR7)
	IMR7 measures P1 + P2+Pout-of-cell

	× (P1)
	0 (IMR8)
	× (P3)
	IMR8 measures P1 + P3+Pout-of-cell

	0 (IMR9)
	× (P2)
	× (P3)
	IMR9 measures P2+ P3+Pout-of-cell


Even though the zero-power CSI-RS resources can be used as IMR, the interference scenarios is more complicated than the 2-TP case. In order to measure interference from the sum of the 2 intra-set TP plus out-of-set interferers, we need to define three more IMRs (i.e., IMR7, IMR8, and IMR9) to support DPS w/o muting. 
Observation #1: Compared with 2 CSI-RS resources and one IMR in 2-TP CoMP, we will need 3 CSI-RS resources and 4 IMRs for 3-TP CoMP.

Observation #2: IMRs are generally zero-power REs for easy interference measurement at the UE. Given the agreement that IMR consists of only REs which can be configured as Rel-10 CSI-RS resources for backward compatibility, IMRs are naturally zero-power CSI-RS resources.
Observation #3: In order to avoid specifying many IMRs to cover different CoMP interference scenarios, the measurement on IMRs can be combined with channel power measured on non-zero power CSI-RS resources as total interference.
Proposal #1: IMRs are configured as zero-power CSI-RS resources, but measurement on IMRs can be combined with channel power measured on non-zero power CSI-RS resources as total interference.
Overhead and UE complexity
In terms of the number of IMRs that can be configured for Rel-11 UEs, we first recognize the following aspects:
· Even though the interference seen at UE based on the specific CoMP scheme applied is UE-specific, IMRs can be used by many UEs , which is helpful to reduce the total IMR overhead.

· The number of IMRs is more of an overhead concern since the corresponding interference measurement is relatively simple at the UE.

· However, the number of IMRs configured for a Rel-11 UE closely relates to the number of CQIs that the UE is required to compute. The number of CQIs to be calculated and reported is a UE complexity concern, as well as a feedback overhead concern.
Even though the detail of CoMP CQI feedback has not been discussed in detail, it is expected to see at least CSI feedback for each CSI-RS-resources, under the interference assumption of either  no CoMP (e.g.., the case of  DPS w/o muting) or only out-of-set interference. In addition, it may be additional CQIs defined under different interference hypotheses based on measurement from IMRs. CQI calculation and reporting can be on a sub-band basis. 

Proposal #2: Since the number of IMRs configured for a Rel-11 UE closely relates to the CQIs to be computed and reported, the resulting additional CSIs should be limited to consider UE complexity and feedback overhead (in addition to per-CSI-RS-resource CSI).  

IMR granularity
Since UE measurement on IMRs are just straightforward power estimation, dense IMRs are not necessary. The current Rel-10 zero-power CSI-RS resource, which is specified at multiples of 4 REs/PRB-pair, will incur larger IMR overhead than necessary. In fact, since any zero-power CSI-RS resource can be used also as IMR, we should have a fine granularity for zero-power CSI-RS resources in Rel-11.

Proposal #3: Zero-power CSI-RS resources, each of which can be configured as IMRs, have a granularity of 2 REs per PRB-pair in Rel-11.    
3. Conclusion 
In this contribution, we discuss further details of interference measurement, especially with respects to the FFS items from last meeting. Based on the following observations:

Observation #1: Compared with using 2 CSI-RS resources and one IMR for 2-TP CoMP, we will need 3 CSI-RS resources and 4 IMRs for 3-TP CoMP.

Observation #2: IMRs are generally zero-power REs for easy interference measurement at the UE. Given the agreement that IMR consists of only REs which can be configured as Rel-10 CSI-RS resources for backward compatibility, IMRs are naturally zero-power CSI-RS resources.
Observation #3: In order to avoid specifying many IMRs to cover different CoMP interference scenarios, the measurement on IMRs can be combined with channel power measured on non-zero power CSI-RS resources as total interference.
We have the following proposals:

Proposal #1: IMRs are configured as zero-power CSI-RS resources, but measurement on IMRs can be combined with channel power measured on non-zero power CSI-RS resources as total interference.

Proposal #2: Since the number of IMRs configured for a Rel-11 UE closely relates to the CQIs to be computed and reported, the resulting additional CSIs should be limited to consider UE complexity and feedback overhead (in addition to per-CSI-RS-resource CSI).  

Proposal #3: Zero-power CSI-RS resources, each of which can be configured as IMRs, have a granularity of 2 REs per PRB-pair in Rel-11.    
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