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1. Introduction

In RAN1#62bis a way forward [1] on enhanced inter-cell interference coordination (eICIC) was agreed. This was communicated in LS to RAN2, RAN3 and RAN4 to stimulate the related work for eICIC. The part relevant to CSI measurements is as follows:
· RRC signalling for CSI measurements
· UE is signalled across which resources interference can be averaged for CSI reports

· Details of how to modify the 36.213 CQI definition FFS

· Signalling details FFS in RAN1

· Performance requirements FFS in RAN4
In this contribution, we discuss the RAN1-related aspects of the restricted CSI measurements. 
2. Discussion for CSI Measurement
CSI measurements, especially the CQI reports, provide the serving eNB with information useful for scheduling and determining what modulation and coding scheme (MCS) to use for each UE. When ABSs are configured in the Macro cell, the interference experienced by the cell edge Pico UEs will fluctuate between subframes. In order to exploit the potential performance gain of ABSs for scheduling and link adaptation, the CSI measurements of the UE should be performed on the restricted resources indicated by RRC signalling for CSI measurement. 
In some cases, there may be more than one interfering macro-cell for the cell-edge UEs of a given pico-cell. In such scenarios, a pico cell may receive multiple bitmaps indicating the ABS patterns of the different neighbouring interfering Macro cells. To support these scenarios, a Pico cell should be able to signal (by RRC signalling) to the pico UEs multiple patterns of subframes corresponding to each of the interfering macrocells for CSI measurement. In this case, the pico UEs can perform multiple CQI report (CSI measurement) based on the different RRC-signalled subframe patterns. These multiple CQI reports can provide PeNB scheduler with information about the significant interference to UEs, to support scheduling and link adaptation in the different ABSs.
Therefore, the following aspects should be incorporated into the RAN1 specifications:

· The CSI measurement observation interval for Rel-10 needs to be modified to support any restricted resources indicated by RRC. 
· The possibility to configure multiple CQI reports corresponding to different subframe patterns should be supported. 
· For periodic CQI reporting, this can be achieved simply by configuring multiple periodic CQI configurations, each associated with a given RRC-signalled measurement subframe pattern. 
· For aperiodic CQI reporting, there needs to be an association between a given aperiodic CQI trigger and the corresponding RRC-signalled measurement subframe pattern. One option would be to add another bit(s) in the PDCCH formats 0/4 to indicate which measurement subframe pattern the CQI trigger should relate to. However, increasing the PDCCH payload in this way is probably not preferable. An alternative would be to make the association implicitly based on the subframe number in which the aperiodic CQI report is sent. 

For example, the identity of the associated subframe measurement pattern could bedetermined as 
ns mod N, where ns is the number of the subframe in which the CQI report is sent and N is the number of RRC-signalled subframe measurement patterns.
The corresponding specification impacts in TS 36.213 are shown below. 
7.2.3
Channel quality indicator (CQI) definition

The CQI indices and their interpretations are given in Table 7.2.3-1.
If a restricted set of subframes for CQI measurements is indicated, the observation interval shall be confined to the indicated subframes. Otherwise, the observation interval is unrestricted in time and frequency. For periodic CQI/PMI/RI reporting, the identity of any associated restricted set of subframes is indicated by higher-layer signalling. For aperiodic CQI/PMI/RI reported in uplink subframe n, the identity of any associated restricted set of subframes is given by n mod Np, where Np is the total number of restricted sets of subframes indicated by higher-layers. Based on the an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the condition:
· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CQI reference resource, could be received with a transport block error probability not exceeding 0.1. 

A combination of modulation scheme and transport block size corresponds to a CQI index if:
3. Conclusion
In this contribution, we have discussed the aspects of restricted CSI measurements of relevance to the RAN1 specifications. 
We propose:

· The CSI measurement observation interval for Rel-10 needs to be modified to support any restricted resources indicated by RRC. 
· The possibility to configure multiple CQI reports corresponding to different subframe patterns should be supported. 
We propose that the above text proposals be adopted in TS 36.213. 
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