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Discussion / Decision
1. Introduction
A lot of discussion has taken place on resource restrictions for CSI measurements to support time-domain eICIC in the 3GPP WG RAN1. In the meeting RAN1#62bis there was good progress in the area and following was agreed as part of the Way Forward in [1]:
· 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 summarize what remains to be agreed in order to finalize the RAN1 specifications for resource restricted CSI measurements in LTE Release-10. 
2. Discussion
According to the decision the UE is signalled across which resources it may average interference. We will denote this set of subframes as "CSI measurement subframe configuration". This thinking deviates slightly from the LTE Release-8 & -9 assumptions where in principle all the DL subframes are included into this set [2, Section 7.2.3]: 

“Based on 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:” 
It seems that the cleanest way to accommodate the decision on TDM eICIC support is to modify the above definition as:
“Based on an unrestricted observation interval in time and frequency and subset of the subframes indicated by the CSI measurement subframe configuration, 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:”

In LTE Release-8, in addition to the observation interval, there is also a definition for the CQI reference resource which defines which time and frequency resources the CSI report should correspond to (even though the measurement can also be averaged over other resources (“unrestricted observation interval”) as well as long as the performance requirements are satisfied). Given the decision on the TDM eICIC support it seems a modification is needed on the definition of reference resource as well to be able to ensure that the CSI report (consisting of CQI, PMI and/or RI) actually corresponds to e.g. almost blank subframes or normal subframes in neighboring cell.
It is fairly straight forward to define a rule that ties a given CSI measurement configuration to a specific CSI reporting configuration (i.e. relations between the timing instances) without ambiguity. The rule can be summarized as:

· The UE shall perform the CSI measurements over the subset of subframes indicated by the CSI measurement configuration

· In the subframes indicated by CSI reporting configuration (periodicity, subframe offset resource allocation etc.) the UE shall report the CSI measured in the most recent subframe (with largest subframe index) indicated by the CSI measurement configuration satisfying the condition:

NCSI-meas ≤ NCSI-report - tproc, 
where,

NCSI-meas 
is the index of the CSI measurement subframe

NCSI-report 
is the index of the CSI reporting subframe

tproc 
is minimum processing time allowed for the UE to process the measurement (4 subframes in LTE Release 8)

In the following we briefly discuss the applicability of the above definition on periodic and aperiodic CSI reporting.
Periodic CSI reporting

It is quite simple to apply the definition for periodic CSI. The basic principle is shown in Fig 1. The Release-8 operation is depicted in the upper part as a reference. There is a fixed timing relationship between the CSI measurement instance (CSI reference resource) and the CSI reporting instance. The new definition for the case with TDM eICIC is shown in the lower part of Fig 1. In addition to the CSI reporting configuration, also a CSI measurement subframe configuration is signaled to the UE. Knowing the "CSI measurement subframe configuration" and the periodic CSI reporting configuration the UE can reuse the Rel-8 reporting principles to obtain CSI for e.g. almost blank subframes only, or for any subframes eNodeB configures. 
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Figure 1. The basic principle of the TDM eICIC CSI measurement and reporting procedure (lower part) and Release-8 operation (upper part). With TDM eICIC the UE performs the CSI measurements in the subframes indicated by the CSI measurement configuration and reports them in the subframes indicated by the CSI reporting configuration. 

Aperiodic CSI reporting

For Aperiodic CSI reporting there does not seem to be a clear need for changing the timing relationship between the CQI reference resource and the CSI reporting instance. If the eNodeB wants the UE to report the CSI for e.g. almost blank subframes, it can easily do so by just sending the trigger in the desired DL subframe. 

3. Conclusions
In this contribution we discuss some of the remaining open details for TDM eICIC operation. We also provide proposals for how to modify the definition of CSI observation interval and the reference resource to align the specifications with the resource specific CSI measurement.
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