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1. Introduction
In heterogeneous networks, the interference problem may become serious due to the introduction of low power nodes which leads to low geometries especially in the co-channel deployment scenarios. The low geometries seen in heterogeneous deployments [1] necessitate the use of interference coordination for both control and data channels to enable robust operation. Many interference coordination methods for control channel have been proposed [2] ~ [5] which configure ABS and MBSFN subframe for interference coordination. This time domain interference coordination solution may bring some problems in CSI measurement. In [6], it is concluded that R10 UEs need to average the interference across the resources informed by RRC signaling：
· 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 detailed design for the CSI measurement of R10 UE and analyze the related impact to the physical layer specifications.
2. Discussion
In the #62bis meeting, CSI measurements are discussed to avoid ambiguity on the interference average across restricted resources and can be informed to UE by RRC signaling. Besides performance requirements to be researched in RAN4, considerations and necessity on the detailed designs are described as below: 
2.1. Relationship between CSI and RLM/RRM measurement restricted subframe patterns
The need of modification on CQI definition comes from interference average to meet performance requirements in RAN4. The consideration should be independent from RRM/RLM measurement issue in eICIC topic. Also, due to the different measurement accuracy requirements for CSI and RRM/RRM measurement, the number of subframes required to implement CSI/RRM/RLM measurement may be different. 
However, if different measurement subframe sets are informed, the signaling cost will increase in both X2 interface and air interface (RRC signaling). Considering that the either CSI or RRM/RLM measurement is implemented in the subframes into which MeNB configures ABS/MBSFN subframes, one common measurement subframe set may be more practical if one required for measurement is the other’s subset. This common subframe set should be able to satisfy the measurement accuracy of CSI and RRM/RLM at the same time. 
Proposal 1: One common subframe set can be informed to implement CSI and RRM/RLM measurement if one required for measurement is the other’s subset. The common subframe set should be able to meet the measurement accuracy of CSI and RRM/RLM at the same time.
2.2. CSI measurement accuracy
The CSI measurement result is acquired- by the CRS measurement. However, the CRS measurement results may not reflect the actual channel condition. For an example of Macro-Pico, in non-collision CRS case where the CRS for Macro and Pico locate in non-overlapped REs, the CRS seen in Pico does not suffer any interference as the corresponding Res in Macro are blanked. However, interference to control and data channel normal REs in Pico exists at least from CRS in Macro. In the collision CRS case where the CRS for Macro and Pico locate in overlapped REs, the CRS seen in Pico suffers severe interference while other REs do not come across any interference.

Accordingly, there will be a non-match between the measured CSI and actual channel condition and finally MCS selection even if interference average is only done within restricted low-interfered subframes. This caused accuracy gap can be mitigated a bit by applying MBSFN subframes instead of normal ABS. But it needs to be evaluated by RAN4 further to see whether this accuracy problem will impact meeting requirement for CSI. To enhance measurement, cell-specific antenna ports, i.e. CRS ports, exchanged over X2 interface can be helpful.
In [7], it was argued that UE should feedback multiple CSI information, then the cell center R10 PUE can be scheduled in the subframes which have large interference from MeNB. This is a valid consideration for possible enhancement. However, this method will increase CSI overhead. In addition, the channel condition in the subframes with large interference can also be compensated by eNB implementation. So far, this enhancement is not so strong to be required. 
Proposal 2: It needs to be evaluated further by RAN1/4 to see whether the no-match problem with colliding CRS and non-colliding CRS will impact meeting requirement for CSI.
2.3. Possible impact on the physical specification
For R10 UEs, the CQI measurement is implemented in a subframe set informed by eNB, this is not absolutely aligned with current specification [36.213, section 7.2.3]:

“Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value…”
This means the measurement subframes are determined by UE manufacturer. The specification can be modified as:
“If a measurement subframe set for CSI is informed by eNB, UE shall average the interference across the subframes informed by eNB and derive for each CQI value. Otherwise, the CSI measurement shall base on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value.”
The corresponding RAN4 test requirements need to be considered under restricted subframe measurement manner if that is different from the current one.
3. Conclusion
In this contribution, we discuss the detailed design for the CSI measurement of R10 UE and analyze the related impact to the specifications. As analyzed in the above sections, we have the following proposals:
Proposal 1: One common subframe set can be informed to implement CSI and RRM/RLM measurement if one required for measurement is the other’s subset. The common subframe set should be able to meet the measurement accuracy of CSI and RRM/RLM at the same time.
Proposal 2: It needs to be evaluated further by RAN1/4 to see whether the no-match problem with colliding CRS and non-colliding CRS will impact meeting requirement for CSI.
Finally, the possible modification to the physical layer specification is provided.
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