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1. Introduction
The explicit definition of how interference part will be measured in the CSI feedback is a very important aspect of Rel-11 CoMP feature. RAN1#69 had made the following progress after a lot of discussion [1]-[6]:
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 discuss the FFS aspects, especially on whether NZP (non-zero-power) CSI-RS can also be used in interference measurement.
2. Discussion
It was concluded that the channel part of CSI calculation is based on one NZP CSI-RS resource in the CoMP Measurement Set. Hence, channel estimation (CE) of NZP CSI-RS is expected for PMI/RI/CQI calculation. Accurate CE can be more challenging based on CSI-RS than CRS. But it is expected that the CE is still satisfactory to reflect subband channel quality. 

PMI/RI/CQI depends on the SINR condition which depends on the configuration of interference part. Interference part is at least based on IMR which occupy a subset of REs configured as Rel-10 ZP CSI-RS, per RAN1#69 conclusion. Note that a UE will at least measure the interference power from those IMR, on a subband basis if requested. A UE may estimate the interference covariance matrix from the IMRs to possibly suppress the interference. Using only configured IMR for interference part is very straightforward and clean from the perspective of UE processing. 

However, it is eNB’s responsibility to ensure that the IMR-only measurement can reflect the dynamic interference scenario under different CoMP schemes. In the following, we provide an analysis of IMR configuration needed to cover all CoMP scheme in the case of 3 TPs.  
2.1. CSI-RS and IMR configuration for 3 TPs

Since different CoMP schemes will result in different interference scenarios, defining an IMR for each possible CoMP scheme can incur large CSI-RS overhead. Fortunately, such overhead can be reduced significantly 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 on which there is no transmission from all TPs within the CoMP measurement set. 
An example of CSI-RS configuration for 3-TPs CoMP is illustrated in the table below, where × denotes CSI-RS transmission, and 0 denotes zero-power CSI-RS. We have orthogonal CSI-RS resources for each of the 3 TPs in the CoMP measurement set. We also assume an IMR dedicated to out-of-set interference measurement. In total we have 4 CSI-RS resources, i.e., NZP CSI-RS resource #1, 2, and 3, and a ZP CSI-RS resource #4 (ignore the ZP CSI-RS resource #5-7 in the table for now). 
Table 2. 3-TP CoMP – CSI-RS & IMR configurations, and interfrence sceanrios

	CSI-RS and IMRs
	Interference 

	TP1
	TP2 
	TP3
	

	× (P1) CSI-RS resource #1
	0 (IMR1)
	0 (IMR2)
	IMR1 or IMR2 only measures P1 + Pout-of-cell

	0 (IMR3)
	× (P2)CSI-RS resource #2
	0 (IMR4)
	IMR3 or IMR4 only measures P2 + Pout-of-cell

	0 (IMR5)
	0 (IMR6)
	× (P3)CSI-RS resource #3
	IMR5 or IMR6 only measures P3 + Pout-of-cell

	0 (IMR0)

CSI-RS resource #4 (ZP) 
	0 (IMR0)
 CSI-RS resource #4 (ZP)
	0 (IMR0)

CSI-RS resource #4 (ZP)
	IMR0 only measures Pout-of-cell

	× (P1)
	× (P2)
	0 (IMR7)

Additional ZP CSI-RS resource #5
	IMR7 measures P1 + P2+Pout-of-cell

	× (P1)
	0 (IMR8)

Additional ZP CSI-RS resource #6
	× (P3)
	IMR8 measures P1 + P3+Pout-of-cell

	0 (IMR9)

Additional ZP CSI-RS resource #7
	× (P2)
	× (P3)
	IMR9 measures P2+ P3+Pout-of-cell


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

· 6 cases for DPS w/ muting of only one TP (interference from 1 intra-set TP) ( interference should be measured on one of the NZP CSI-RS resource (i.e., CSI-RS resource #1, or 2, or 3)
· 3 cases for DPS w/ muting of two TPs (interference from out-of-set) ( interference should be measured only on IMR0 only (i.e., the ZP CSI-RS resource #4)

· 3 cases for JT with 2 TP transmitting and the other TP muting  (interference from out-of-set) ( interference should be measured only on IMR0 only (i.e., the ZP CSI-RS resource #4)

· 3 cases for JT with 2 TP transmitting and the other no muting (interference from 1 intra-set TP) ( interference should be measured on one of the configured NZP CSI-RS resource (i.e., CSI-RS resource #1, or 2, or 3). Alternatively, the interference should be measured on a ZP CSI-RS (i.e., IMR0) and combined with the channel part measured from a NZP CSI-RS.
· 1 cases for JT from all 3 TPs (interference from out-of-set) ( interference should be measured only on IMR0 only (i.e., the ZP CSI-RS resource #4) 
· 3 cases for DPS w/o muting (interference from 2 intra-set TP) ( interference can no longer be directly measured from a single CSI-RS resource from CSI-RS resource #1-4. In fact, we need to set up three new ZP CSI-RS resources as IMRs (i.e., IMR7-9), dedicated for these cases (see highlighted three rows in the above table).   

Observation #1: Instead of using ZP CSI-RS, interference can be measured from only a configured NZP CSI-RS. The measurement will represent interference coming from that TP in the CoMP Measurement Set plus out-of-set interference. Alternatively, the interference can be measured on a ZP CSI-RS for the out-of-set interference and be combined with the channel part measured from a NZP CSI-RS.
Observation #2: When two or more TP’s transmission within CoMP Measurement Set should be counted as interference, additional dedicated IMRs need to be configured if interference part can be measured on IMR only.  

In order to avoid the additional CSI-RS overhead, we can combine the measurement on ZP and NZP CSI-RS for the interference part. Note that in this case, only the channel part of the NZP CSI-RS is to be counted as interference to avoid doubting counting the out-of-cell interference. For example, in the above table, the interference under DPS w/o muting (assuming TP1 is selected) is the combination of the channel part from TP2 and TP3, plus out-of-set interference. Combining ZP and NZP CSI-RS to obtain interference power or covariance matrix is only slightly more complex than measuring on only a single CSI-RS resource.  
Proposal #1: Interference part measurement can be combined from measurement on ZP CSI-RS configured as IMR and measurement of only the channel portion on one or more NZP CSI-RS resources on which ports the UE assumes the transmission of an isotropic signal to be considered as interference 
Proposal #2: Consider to allow interference to be measured only on NZP CSI-RS as well, in lieu of ZP CSI-RS IMR.

2.2. Maximal number of CSIs 

IMRs associated with different CSI can be configured independently, so is the channel part. This means for the same CSI-RS resource, multiple CQIs under different interference hypotheses can be requested. Regardless of whether the channel part or the interference part changes, or both, different recommendations of CQI/RI/PMI are likely to be the result. The maximal number of CSI computation processes is closely related to the CoMP Measurement Set size discussion (see the companion paper [7]). 

We see typically a minimal of 3 CSIs may very likely be requested. The CSI computation time would be 6ms with sequential CSI processing assuming 2ms for CSI computation. The CSI report may only be able to reflect the channel quality of a CSI reference resource that is 6+1=7 subframes earlier, assuming 1ms for feedback content and waveform generation. This is if CSIs are processed one at a time after an aperiodic reporting request. The increased latency may significantly degrade the CoMP performance. In order to balance the UE processing requirement and CoMP performance, we may have to consider more processing power for CSI. 

Proposal #3: CSI processing requirement can be defined by both the total allowed CSI processing time (denoted as Ttotal) and the number of CSIs requested (denoted as K). By defining a reference to the current single CSI processing time of Tref, we can consider the maximal number of CSIs to be Kmax = ATtotal / Tref where A=1 or 2 and Tref  is TBD  (e.g., Tref=2ms).

Further discussion of A and Tref may need the involvement of RAN4.
3. Conclusion 
In this contribution, we discuss whether NZP (non-zero-power) CSI-RS can also be used in interference measurement. Based on the following observations:

Observation #1: Instead of using ZP CSI-RS, interference can be measured from only a configured NZP CSI-RS. The measurement will represent interference coming from that TP in the CoMP Measurement Set plus out-of-set interference. Alternatively, the interference can be measured on a ZP CSI-RS for the out-of-set interference and be combined with the channel part measured from a NZP CSI-RS.
Observation #2: When two or more TP’s transmission within CoMP Measurement Set should be counted as interference, additional dedicated IMRs need to be configured if interference part can be measured on IMR only.  

We have the following proposals:
Proposal #1: Interference part measurement can be combined from measurement on ZP CSI-RS configured as IMR and measurement of only the channel portion on one or more NZP CSI-RS resources on which ports the UE assumes the transmission of an isotropic signal to be considered as interference 
Proposal #2: Consider to allow interference to be measured only on NZP CSI-RS as well, in lieu of ZP CSI-RS IMR.

Proposal #3: CSI processing requirement can be defined by both the total allowed CSI processing time (denoted as Ttotal) and the number of CSIs requested (denoted as K). By defining a reference to the current single CSI processing time of Tref, we can consider the maximal number of CSIs to be Kmax = ATtotal / Tref where A=1 or 2 and Tref is TBD  (e.g., Tref=2ms).
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