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1. Introduction
IMR configuration was agreed in RAN1#70 as follows,
· IMR configuration: 
· Each IMR is configured independently with a R10 subframeConfig and a R10 resourceConfig, where resourceConfig is for 4 REs
· All the IMRs configured for one UE shall together use only REs which can be configured as a single R10 ZP CSI-RS resource configuration.

The use of IMR for interference measurement was also agreed in the following,

· For the purpose of interference measurement on an IMR, the UE shall assume that all signals received on the REs of the IMR are interference.
· Further details of how the UE measures the interference on IMR are left to the UE implementation

The WF in [1] proposed that IMRs can be partially overlapped with each other by exploiting hopping to increase the maximum number of configurations of the interference part of CSI. In the proposed IMR configuration, all the IMRs configured for a given UE shall be orthogonal across all subframes with configurable hopping. This paper discusses the remaining issues of IMR configurations and its association with CQI derivation.  

2. IMR configurations

The proposed IMR configuration in [1] is as follows,  

· Interference Measurement Resources (IMRs) can be partially overlapped with each other
· TPs within a CoMP cluster can coordinate to control the overlap among the IMRs used within the cluster
· For a given IMR configuration, 4 IMR REs are selected from 8 ZP CSI-RS REs per PRB that can be configured by Rel-10 ZP CSI-RS signaling
· For legacy UEs, rate matching is performed around the 8 REs indicated by Rel-10 CSI-RS signaling.

The proposed IMR configuration in [1] is to randomly select two groups of 4-RE ZP-CSI-RSs out of 10 possible ways, which gives 45 possible groupings.  From each group, 2 REs are randomly selected from each 4-RE ZP-CSI-RS, which has 6 different possibilities.  Thus, total number of IMR resources from random selection of the groups is 45x6x6=1620.    





Figure 1 shows CSI-RS resources for 2, 4, and 8 CSI-RS ports.  Each colour represents a CSI-RS resource.  For a given number of CSI-RS ports, the number of colours indicates the number of CSI-RS resources, namely “reuse” factor, available for the system.  A CSI process is defined as a combination of a NZP CSI-RS resource and an IMR.  An UE x could be configured up to 3 NZP CSI-RS resources for one set of TPs in the CoMP measurement set.   The other UE y might be configured the other disjoint 3 NZP CSI-RS resources for the other set of TPs in the CoMP measurement set.   The NZP CSI-RS resources for UE y need to be configured as ZP CSI-RS resources for the UE x for PDSCH rate matching around all CSI-RS resources.  Similarly, the NZP CSI-RS resources for UE x would be configured as ZP CSI-RS resources for the UE y.  

The proposed IMR configuration in [1] will randomly select two REs from a 4-port CSI-RS resource.  It means that the IMRs would use a new CSI-RS pattern, which is different than the Rel-10 CSI-RS resources represented by the colours in Figure 1.   Rel-10 CSI-RS resources use for IMR configuration in [1] would not be able to use for NZP CSI-RS resources since they are all broken up to different REs independently.   The proposed IMR configuration [1] would need to partition Rel-10 CSI-RS resources into two groups; one group for NZP CSI-RS resources and the other group for IMR.   The reuse factor of CSI-RS resource for channel measurement in a CSI process would decrease dramatically.   CSI-RS resources partitioned for IMR could not be used as CSI-RS resources for legacy UEs.   

The number of IMR resources needs to be computed by taking into account the NZP CSI-RS resources assigned for the channel measurement in a CSI process.    First, the number of CSI-RS resources available for IMRs for a specific UE x needs to discount the number of NZP and ZP CSI-RS resources assigned for the specific UE.  For example, assuming that the CSI-RS resources and IMRs are configured in the same subframe as is desirable as discussed in [2], when three 4-port NZP CSI-RS resources are configured for the specific UE x, the number of randomly selectable groups available for IMRs would be 21 instead of 45 based on the proposed scheme in [1].    If three ZP CSI-RS resources are also configured for the specific UE x, it means that CSI-RS resources are used by other UEs as NZP CSI-RS resources.   The number of randomly selectable groups for IMR would drop from 45 to 6.   The total number of IMR resources from randomly selected REs in the partitioned CSI-RS resource would be reduced from 1620 to 216 (6x6x6) in this example.  
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[bookmark: _Ref336459872]Figure 1: CSI-RS resources for 2, 4, and 8 CSI-RS ports.  Each color represents a CSI-RS resource.

The proposed IMR configuration [1] would not work with the direct interference measurement agreed in RAN1#70, in which the UE would assume that all the signals received at all REs of an IMR are interference.   
Further, the IMR scheme in [1] allows IMR resources partially overlapped with each other.  TPs within a CoMP cluster can coordinate to control the overlap among the IMRs used within the cluster.   If IMRs are configured by combination of REs randomly selected from Rel-10 CSI-RS resource and partially overlapped with each other, the signal received from those REs might not be the interference from outside CoMP cooperating set.  The usefulness of IMR for interference measurement is jeopardized.  



The IMR configuration in [1] also supports a configurable IMR hopping to increase the number of IMR resources and help to alleviate operator’s planning effort.  Hopping is one type of randomization of received signal.   In other words, IMR hopping randomizes the received interference.   IMR hopping therefore creates additional dimension of uncertainty in interference measurements.   IMR hopping in [1] would further degrade the accuracy of interference measurement by IMR.   

3. Summary
This contribution discusses IMR configuration and its association in the CQI computation.  It was agreed in RAN1#68bis that the REs occupied by one interference measurement (IM) resource are only those which can be configured as CSI-RS for Rel-10 UEs to guarantee limited impact to Rel-10 UEs.   Furthermore, agreements in RAN1#70 states that IMR uses only REs which can be configured as a single R10 ZP CSI-RS resource configuration.   The IMR configuration proposal in [1] is completely against the agreement in IMR configuration and introduce new CSI-RS pattern for IMR.  The IMR configuration in [1] based on randomly selected REs from Rel-10 CSI-RS resource does not guarantee the desired direct measurement of interference outside CoMP cooperating set.   The additional support of IMR hopping would further introduce an additional dimension of uncertainty in CoMP interference measurement. The original motivation for introducing IMRs was to improve the accuracy of interference measurements, but this additional uncertainty would call into question whether IMRs really help to improve the accuracy of interference measurement beyond the possibilities already available in Release 10.  
In summary, the IMR configuration agreed in RAN1#68bis and RAN1#70 provides a good framework for the interference measurements and controllability of IMR resource allocation for CoMP.   
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