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1 Introduction

In RAN1#62bis meeting, the following agreements about resource-specific CSI measurements were achieved in R1-105779:

· 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

This contribution discusses the signaling and modification of CQI definition as well as the UE behaviors related to resource-specific CSI measurements.
2 Specification of the Resource Specific CSI Measurement

The use of a resource specific CSI measurement mode enables the eNB measure the interference corresponding to a specific set of subframes and subbands signalled by the eNB so as to better reflect the interference levels and signal quality in systems using eICIC schemes and to improve the CQI measurement and link adaptation accuracy in any of these scenarios. 

Although resource-specific measurements were agreed in order to support eICIC solutions in Heterogeneous Networks, i.e. through configuring Almost Blank Subframes, it is natural to have the defined resource specific measurement mechanism applicable to more general scenarios, and in both time and frequency domain. Increasing the applicability of the resource-specific measurements also makes it future proof.
2.1 Signalling of Resources for CSI Measurements
In order to convey the specific resources in time and/or frequency domain that a UE may measure on for CSI feedback, the information may be signalled as Cell specific (Broadcast) or UE Specific (Individual). Note that the measurement resource needs not to be the same for all the UEs within a cell. For example, in case of time domain eICIC, only the UEs that are in close proximity of an aggressor cell which mutes a subset of its subframes need to be signalled of the measurement resource pattern related to the muting pattern of the aggressor cell. For other use cases, for example frequency domain ICIC using RNTP message or time domain coordination through power control of the data transmission portion of the subframes, different signalling approach may be preferred. A straightforward solution is to use dedicated RRC to convey such information to each applicable UE. This will then not preclude, by implementation, other approach such as cell-specific configuration.
The eNBs inform the UE(s) of the set(s) of subframes and/or the set(s) of subbands in the measurement period to be measured. Bitmap(s) may be used to signal the time and/or frequency pattern of the measurement resource.
In case of time domain resource specific measurement, a few options may be considered:
· Option A: the measurements may be configured to limit to each single subframe that configured to be a measurable subframe. In this option, UE needs not to know the time domain pattern of ABS in order to measure the channel and/or interference as proposed in [1].
· Option B: the measurements may be filtered across all the subframes that are configured to be measurable. In this option, UE needs to know the measurement pattern (which could be ABS pattern) in order to average over the appropriate subframes.
· Option C: the measurements may be averaged/filtered only across every N subframes where N is the measurement period. In addition, multiple measurements may be reported with up to one for each offset within the measurement period. In this option, the UE only need to know the periodicity of the measurement/ABS pattern.
It is proposed in [1] that
· No new CSI measurement/reporting procedure.
· Additional requirement for CSI measurement based on single subframe interference measurement (as currently defined in 36.213).
· Effectively enables accurate feedback of restricted resource CSI without averaging cross different type of time-domain resources.
There are a few issues with such an approach. 
First, measurements of interference level may not be accurate enough if only based on a single subframe, especially considering the flashlight effect in case of dynamic scheduling/resource allocation and precoding. Informing UE the measurement (or ABS) pattern enables the UE to average over the same type of subframes.
Second, for certain feedback modes defined for Rel-8/9, multiple reports are used to convey CSI. These feedback modes include PUCCH feedback mode 1-1, 2-0, and 2-1. For each of these feedback modes, the multiple reports include RI, wideband CQI/PMI, and/or subband CQI. For certain configurations of the feedback periodicity/offset and the ABS pattern, the reference subframes (as defined in Rel-8/9) of these reports may belong to different subframe types, interference-reduced subframes (due to ABS) versus normal subframes. Therefore, the following approach may be needed to solve this issue:
· Prohibit such configuration combinations. This means all the reference subframes for the reports should be of a same type of subframes. Note that since the periodicity/offset of the ABS pattern and CSI feedback are defined independently, there may not be enough combinations available to leave flexibility for implementation. Therefore, new periodicity of feedback (for example, 4 or 8 ms) is necessary in this case.
· Leave for UE implementation which will degrade the performance. For example, if the RI and the PMI/CQI are of the different types of subframes, the feedback may not be very useful and MIMO performance will be corrupted.
· Inform UE the subframes for interference averaging and modify the feedback procedure.
Note that, for self-contained feedback mode such as PUCCH mode 1-0 and PUSCH feedback, each feedback report may be used for scheduling of the subframes of the same type as its reference subframe.
Third, as shown in various performance results, although interference-reduced subframes (due to ABS) has better channel quality, it is still beneficial that the eNB schedules transmission in both types of subframes. As mentioned above, for self-contained feedback modes, this can be implemented to a certain degree either through configuration of ABS pattern and feedback period/offset, or by sending the CQI triggers at certain time. An alternative approach is to configure 2 feedback processes, 1 for interference-reduced subframes and another for normal subframes. This approach is at least needed for non-self-contained feedback modes.
In case of frequency domain resource specific measurement, a few considerations are listed here:
· The signalling of the measurement resource in frequency domain may configure the measurement in bandwidth unit of PRB, subband, bandwidth part, and etc. The straightforward approach is to define the measurement resource to be the same as that of the CSI feedback. Another approach is to align this to that of RNTP configurations.
· The measurement in frequency domain may only be performed within each configured bandwidth unit. No averaging/filtering may be performed across the frequency units when measuring CSI, such as channel information and/or interference level.
· The valid bandwidth for measurements may be configured to be limited to part of the system.
· Note that for frequency-specific CSI measurement, there is a requirement agreed by RAN4 and defined by uneven interference frequency selective CQI test in TS36.101 for Rel-8 UE. This may cover part of frequency-specific CSI measurements.
Certain combination of time and frequency resource configuration for measurements may be allowed. 2 bitmaps can be used to signal the combinations. One bitmap in time domain is for ABS pattern. Another bitmap in frequency domain may be either derived from the RNTP received at the eNB or implicitly derived at the UE according to the frequency granularity of its CQI feedback mode.
2.2 Specification of Resource-Specific CSI Measurement and Report

In resource specific measurement mode, the eNB configures the time and frequency observation interval that the UE uses to derive the channel and/or interference values from a specific subframe and/or frequency resource. This is different from the relationship specified in the current specification, where the CQI reported is defined as [12, section 7.2.3],

“Based on an unrestricted observation interval in time and frequency…”
As such, from a RAN1 point-of-view, all the CQI types (wideband CQI, UE selected subband CQI and higher layer configured subband CQI) are based on measurements of the entire system bandwidth over a time interval decided by the UE manufacturer. Note that the testing procedures in RAN4 may require a slightly more restrictive interpretation of the frequency measurement interval though still without explicit definition of UE behaviour.
Based on the analysis given in Section 2.1, to support reporting of resource-specific CSI, the following is proposed:
· UE can be configured across which PRBs interference can be averaged in frequency for CSI reports
· When configured, the PRBs over which interference can be averaged in frequency are aligned with the frequency granularity of feedback mode of the UE.
· UE can be configured and explicitly signaled across which subframes interference can be averaged in time for a CSI report process.
· Multiple CSI report processes can be configured for a UE.
The related signaling may be sent together with the CQI feedback configuration RRC message.
For aperiodic feedback on PUSCH, the subframes for interference averaging include the reference subframe and the other subframes of the same type which is explicitly signaled. Therefore, whether the report is for interference-reduced subframes or normal subframes is implicitly defined by the timing of the trigger.
For periodic feedback on PUCCH, two options exist. Option 1 is that the subframes of interference averaging include all the reference subframes of a report process and the other subframes of the same type as signaled. Option 2 is that all the subframes of interference averaging for a report process are explicitly signaled. Option 1 requires that all the reference subframes are of the same type which, as discussed in Section 2.1, may cause issues. In addition, option 1 can be implemented by option 2 if properly defined.
Therefore, it is proposed to explicitly signal the subframes for interference averaging.
Signal measurements/estimations, may be based on CRS or CSI-RS, depending on the configured transmission mode. In case of CRS, since they are present in every subframe, they may be separated into two groups corresponding to the subframe types: CRS of the interference-reduced subframe and CRS of the normal subframe. Although a report process may only use the CRS of the same subframe type as the feedback intended for, it should be left as implementation. For example, a report process for normal subframes may use CRS of the interference-reduced subframes because of their better SINR although longer delay may occur. This, of course, assumes the UE is informed of the interference-reduced subframes or ABS pattern.
In case of CSI-RS, they are only present in certain subframes. The subframes with CSI-RS may be only interference-reduced subframes, only normal subframes, or a mixed of both. Note that, due to PDSCH muting for CSI-RS, there may not be a difference of SINR between the CSI-RS in different types of subframes. Therefore, there is no need to define the CSI-RS of specific subframes for signal estimation, and no need to have multiple CSI-RS configurations for multiple report processes.
3 Conclusion

This contribution describes the specification of the resource specific CSI measurements in Rel-10 to take advantage of the gains from eICIC schemes. It is proposed to have the resource specific measurement mechanism defined for more general scenarios, and in both time and frequency domain. Signalling of the measurement resources is then described along with the necessary UE behaviour for reporting of resource specific CSI. Detailed proposal includes:
· UE can be configured across which PRBs interference can be averaged in frequency for CSI reports
· When configured, the PRBs over which interference can be averaged in frequency are aligned with the granularity of feedback mode of the UE.
· UE can be configured and explicitly signaled across which subframes interference can be averaged in time for a CSI report process.
· Multiple CSI report processes can be configured for a UE.
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