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1 Introduction
Time domain eICIC is introduced in Release-10 to improve performance in HetNet scenarios (Macro-Pico, Macro-Femto). To support eICIC schemes, subframe subsets are introduced to allow the UE to compute and feedback the CSI corresponding to different interference hypotheses. Macro is turned on or off or transmits at low power in certain subframes and cell-range expansion may also be used.

With introduction of CoMP support and multiple IMR in Release-11, network can explicitly configure different interference hypothesis. However, using subframe subsets along with IMR may be desirable in some network deployments with semi-static coordination between nodes, e.g., when they are connected by slower X2 backhaul. 
The chairman notes from RAN1 #70 capture the following, 
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

According to the agreement, subframe subsets can also be configured for CSI reporting when IMR and multiple CSI are configured. In this contribution, we discuss some details of support for IMR and subframe subsets.
2 ABS configuration with CoMP
Almost blank subframe (ABS) configuration is introduced to support time domain eICIC schemes. ABS only contains some necessary signals for backward compatibility with 3GPP Release 8/9 like PBCH, PSS/SSS, CRS, SIB1 etc. ABS patterns are coordinated in the network (with X2 signalling) and are RRC configured with a 40 ms periodicity. 
ABS can be used along with Release-11 CoMP schemes. An example scenario is show below where a group of pico nodes may support CoMP to a UE, i.e, multiple CSI-RS can be configured for the UE along with IMR resources. However semi-static coordination with the macro eNB can be supported by using ABS configurations for cell-1 and cell-2.
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Figure 1 - Example scenario with subframe subsets and CoMP
3 Support of subframe subsets with IMR
The current specification clearly defines a CSI reference resource which represents the reference subframe for UE feedback measurements. The UE receiver is not precluded from averaging over ‘similar’ subframes and it is left to implementation choice how this is performed. Interference measurements in release-10 rely on CRS that are available in every subframe (in the whole subframe in case of non-MBSFN and in control region for MBSFN subframes). Hence no explicit reference to interference measurement is made in the CSI reference resource definition, which is copied below.

The CSI reference resource is defined as follows:

· In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CQI value relates.

· In the time domain, the CSI reference resource is defined by a single downlink subframe n-nCQI_ref,
· where for periodic CSI reporting nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe;

· where for aperiodic CSI reporting nCQI_ref  is such that the reference resource is in the same valid downlink subframe as the corresponding CSI request in an uplink DCI format.

· where for aperiodic CSI reporting nCQI_ref  is equal to 4 and downlink subframe n-nCQI_ref corresponds to a valid downlink subframe, where downlink subframe n-nCQI_ref is received after the subframe with the corresponding CSI request in a Random Access Response Grant.

A downlink subframe in a serving cell shall be considered to be valid if:

· it is configured as a downlink subframe for that UE, and

· except for transmission mode 9, it is not an MBSFN subframe, and

· it does not contain a DwPTS field in case the length of DwPTS is 
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 and less, and

· it does not fall within a configured measurement gap for that UE, and

· for periodic CSI reporting, it is an element of the CSI subframe set linked to the periodic CSI report when that UE is configured with CSI subframe sets.

If there is no valid downlink subframe for the CSI reference resource in a serving cell, CSI reporting is omitted for the serving cell in uplink subframe n.

With periodic PUCCH reporting, a corresponding subframe subset is configured by higher layer signaling, while for aperiodic PUSCH reporting, the subframe subset is implicitly linked to the subframe with the UL grant. 
Without subframe subsets, it is preferable not to change the basic principle from current LTE specification and the reference subframe can be defined similarly without reference to the interference measurement. Clearly, interference estimate should be based on measurements on the subframes with configured IMR resource(s). One can assume that UE performs interpolation/extrapolation of interference if the reference subframe does not include corresponding IMR resource(s).  

However, with eICIC, two subframe subsets are used. The interference measurement should be performed on the subframe subset corresponding to the CSI request. With IMR resource configuration, the reference subframe should be based on the intersection of the IMR resource and the CSI subframe subset. This can be easily achieved by extending the definition of the valid downlink subframe as shown below.
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Figure 2 - Reference subframe illustration with configuration of IMR and CSI subframe subsets

Observation

1) New definition of IMR resource is not needed to support subframe subsets with CoMP.
2) IMR and subframe subsets can be supported by appropriate definition of valid subframe for CSI reference
It should be noted that this observation only applies to Interference Measurement Resource (IMR) which occupies a subset of REs configured as Rel-10 ZP CSI-RS. The interference measurement part based on NZP-CSI-RS (if supported) can be treated similar to that of CSI-RS based channel measurement.
4 Multiple IMR Resources to support subframe subsets

Another option is to have multiple IMR resources to support subframe subsets, one for each subframe subset. We do not see any need of defining multiple IMRs for this purpose. In our view, multiple IMRs should be used for CoMP support, where they show more benefit [1].
5 Conclusions
CoMP with IMR configuration and subframe subsets can correspond to some useful deployment scenarios. In this contribution, we discussed support for CSI definitions with IMR and subframe subsets to simultaneously support Rel-10 eICIC schemes with CoMP.  

We have the following conclusions based on the discussion.

1) New definition of IMR resource is not needed to support subframe subsets with CoMP.

2) IMR and subframe subsets can be supported by appropriate definition of valid subframe for CSI reference
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