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1 Introduction

In RAN1#62 meeting, discussion on non-Carrier Aggregation based interference management in Heterogeneous networks resulted in the following decision for both the macro-femto and the macro-pico scenarios:
· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources 

We demonstrated the improvements in performance based on this resource specific CSI measurement in both the frequency domain [6] and time domain [1] [2]. In this contribution, we propose signaling design to facilitate resource-specific RLM/RRM/CSI measurements and report at the Rel-10 UEs by restricting the measurements to eNB defined resources. 

2 Specification of the Resource Specific Measurement

The use of a resource specific RLM/RRM/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 or MBSFN 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 Measurements
In order to convey the specific resources in time and/or frequency domain that a UE may measure on for CSI feedback and/or for RLM/RRM measurement report, the information may be signalled as Cell specific (Broadcast), UE Specific (Individual), Grouped (Multi-cast) or Polled (Individual or Multi-cast). 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.
To convey the detailed information of the measurement resource, a measurement duty cycle may be assumed naturally and the largest duty cycle needed for most of the use cases should be of 8 subframes (FDD) or 10 subframes (TDD) or possibly 4 radio frames (common). 
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. One possible way to signal the possible measurement resource is to construct a table with all valid subframe configurations. Each entry in the table indicates a resource specific measurement subframe configuration. Alternatively, a bit map may be used to signal the time-frequency pattern of the measurement resource.
In case of time domain resource specific measurement, a few options may be considered:
· The measurements may be configured to limit to each single subframe that configured to be a measurable subframe.

· The measurements may be filtered across all the subframes that are configured to be measurable.

· 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 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 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. Either 2 bitmaps/tables can be used to signal the combinations or a two dimensional bitmaps may be used as in the case of RNTP with extended time domain configuration.
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.
To improve the CSI estimate, we propose the following: 
· Allow for a measurement window in which the eNB defines the subframes to be used in the CSI measurement. 
· Allow for a partial bandwidth observation in frequency.

Thus, for this new CQI measurement mode, the requirement in [1, Section 7.2.3] becomes: 

“In a separate measurement mode, the eNB may configure a Resource-specific CSI measurement to support time and frequency domain interference variation.  The CSI measurement is now based on a measurement window configured in time and frequency”.  
This measurement window may be signalled over the air or by L3 messaging. Note that the adoption of this new CSI measurement mode need not change the current CQI/PMI feedback modes. To minimize the standards impact, the current feedback modes should be used while values of some of the parameters, such as the number of bandwidth parts and etc., may be different according to the measurement resource configuration.
2.3 Specification of Resource-Specific RLM/RRM Measurements

For Radio Link Monitoring (RLM), the Rel-8/9 specification (TS 36.213) states the following:
In non-DRX mode operation, the physical layer in the UE shall every radio frame assess the radio link quality, evaluated over the previous time period defined in [10], against thresholds (Qout and Qin) defined by relevant tests in [10].

In DRX mode operation, the physical layer in the UE shall at least once every DRX period assess the radio link quality, evaluated over the previous time period defined in [10], against thresholds (Qout and Qin) defined by relevant tests in [10].

No restriction on measurement resource is defined for the cases of time domain and/or frequency interference coordination.
In order to improve the accuracy of the measurements and reduced RLF, such restriction should be applied and the signalling of measurement resource is needed. In addition, UE behaviour of such measurement and the associated requirements need to be defined.

Note that similar specification is needed for RRM RSRQ measurements.
3 Conclusion

This contribution describes the specification of the resource specific RLM/RRM/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 resource specific CSI measurement and report, as well as for resource specific RLM/RRM measurements. 
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