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1 Introduction
In RAN1#63, the following requirements with regard to CSI feedback for resource-restricted measurements were agreed:
· CSI (CQI,PMI,RI) feedback based on interference measurement in restricted subsets of subframes is enabled through configured subsets of subframes indicated by CSI measurement subframe configuration

· Subframe subsets are signalled by RRC (e.g. with bitmaps of size matching the size of almost blank subframe pattern)

· 0 or 2 subframe subsets can be configured per UE

· Baseline is that the UE only reports CSI for each configured subframe subset

· If 0 subframe subsets are configured, this whole proposal does not apply. 

· The 2 subframe subsets may or may not be the complement of each other. 

· Signalling details are up to RAN2. 

· No mention of complementary subset in RAN1:  whether to introduce this is subject to feedback from RAN4 after discussion in RAN4.

· For aperiodic CSI reporting

· Working assumption for Alt a:

· Alt a: For CSI reporting instance at subframe n, UE shall report CSI feedback based on the subset containing the CQI reference resource

· As noted above, the case of the CQI reference resource not being contained in either of the configured subsets is FFS subject to feedback from RAN4 after discussion in RAN4
· Alt b: Follow same approach as for CA - confirm details after aperiodic CSI triggering decision for CA

· For periodic CSI reporting

· Explicit RRC configuration links each CSI feedback to a configured subset
In this contribution, several issues regarding the details of CSI measurements, such as reference subframes and frequency-domain restrictions, will be discussed.  For discussions on several open issues for aperiodic and periodic CSI reporting, please refer to [2].
2 Reference subframes for restricted CSI measurements
The adoption of restricted CSI measurements (or resource-specific CSI measurements, or resource-restricted CSI measurements,) offers a viable mechanism for eICIC schemes and is potentially useful in broader scenarios to cope with interference of different characteristics in either time domain, frequency domain, or power domain. The restrictions pose certain constraints in reference subframe definitions.  In what follows the reference subframes for interference measurements and for signal measurements/estimation will be discussed within the context of restricted CSI measurements.
2.1 Interference measurements

To ensure the applicability and accuracy of the resource-specific CSI report used by the eNB, it is needed that each CSI report is based on the interference measurements of similar interference characteristics.  For example, for a Pico UE seeing both Macro Almost-Blank Subframes (ABS) and Macro non-ABS, the interference measurements by the Pico UE should be made during Macro ABS only (in the meantime, there could be another set of measurements made during Macro non-ABS only).  This implies that the reference subframe(s) used for interference measurements must be in the subset configured for CSI reporting.  
Therefore, the following may be considered to be captured in TS36.213 (Section 7.2.3):
For the CQI value corresponding to a specific configured measurement subset to be reported in uplink subframe n, the CQI reference resource is defined by a single downlink subframe n−nCQI_ref, 
· where for periodic CQI reporting nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe in the configured subset;
· For aperiodic CQI reporting, several options exist for defining nCQI_ref  if a CQI request is received in downlink subframe t:
· Option a: The CQI request is carried by the downlink subframe within the expected subset to be reported (corresponding to Option 1 in Sec. 2 of [2]):

· where for aperiodic CQI reporting nCQI_ref  is such that the reference resource is in the same valid downlink subframe in the configured subset as the corresponding CQI request in a DCI format 0.  
In this case it holds that n−nCQI_ref = t, that is, the triggering subframe is the reference subframe.
· Option b: The triggering grant can be in any downlink subframe with either an explicit indication to inform UE which subset is triggered (corresponding to Option 2 in Sec. 2 of [2]) or an implicit bundling between triggering instance and the expected subset by some pre-determined rule (corresponding to Option 3 in Sec. 2 of [2]):
· where for aperiodic CQI reporting nCQI_ref  is such that the downlink subframe n−nCQI_ref  corresponds to a valid downlink subframe in the configured subset, where downlink subframe n−nCQI_ref  is the most recent subframe received no later than the subframe with the corresponding CQI request in a DCI format 0.
In this case it holds that n−nCQI_ref <= t=n−4, that is, the reference resource subframe is the last subframe in the configured subset that is received no later than the trigger.
· where for aperiodic CQI reporting nCQI_ref  is equal to 4,  and downlink subframe n-nCQI_ref corresponds to a valid downlink subframe in the configured subset, where downlink subframe n-nCQI_ref  is received after the subframe with the corresponding CQI request in a Random Access Response Grant.
As discussed in Sec. 2 of [2], Option 1 restricts the eNB from sending CQI request outside both subsets, but it has minimum specification impacts and allows using the Rel-8 UL grant format to carry the CQI request, and hence Option 1 is the preferred solution in [2]. Correspondingly, Option a identified in this contribution is preferred. In what follows all discussions are based on Option a only.
Proposal 1  For the CQI value corresponding to a specific configured measurement subset to be reported in uplink subframe n, the CQI reference resource is defined by a single downlink subframe n−nCQI_ref, 
· where for periodic CQI reporting nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe in the configured subset;
· where for aperiodic CQI reporting nCQI_ref  is such that the reference resource is in the same valid downlink subframe in the configured subset as the corresponding CQI request in a DCI format 0.  

· where for aperiodic CQI reporting nCQI_ref  is equal to 4,  and downlink subframe n-nCQI_ref corresponds to a valid downlink subframe in the configured subset, where downlink subframe n-nCQI_ref  is received after the subframe with the corresponding CQI request in a Random Access Response Grant.

In other words, the reference subframe for interference measurements must lie in the same configured subset and may be farther apart from the CSI reporting subframe (i.e. potentially larger CSI reporting delay) than the unrestricted CSI measurement case. Note that though a single subframe measurement, i.e. the most recent valid reference subframe measurement can be used, it is not precluded and may be beneficial to average/filter the measurements across more than one subframes. Also note that the PMI/RI reports at subframe n are based on the most recent reference subframe in the configured subset.

2.2 Signal strength measurement/estimation

The signal strength received by the UE, however, normally does not change as quickly as the interference characteristics do.  Despite that the relative signal strength (i.e. SINR, which is relative to interference) varies quickly from subframe to subframe, the absolute signal strength may be more consistent in time (as seen at the CRS RE locations or CSI-RS locations) and hence there is no need to apply any measurement subset restrictions.  Furthermore, the UE may take advantage of the interference-reduced subframe signal strength estimates since higher SINR yields better estimates, regardless of whether the signal strength estimates is to be used for interference-reduced CSI reports or not.  Therefore, it is proposed that the signal measurements/estimations are not subject to any restriction other than the presence of CRS/CSI-RS and the time delay needed in practical implementation. 
In the case of CRS based measurement (for transmission modes 1-8), the signal measurement subframe can be n-4 if the CSI report is at subframe n.  The signal estimation will be more accurate if n-4 happens to be an interference-reduced subframe; on the other hand, if subframe n-4 is not an interference-reduced subframe, then the UE may decide between: 1) the measurement based on subframe n-4, i.e. the most recent one but with lower SINR; or 2) the measurement based on subframe n-k that is an interference-reduced subframe but earlier than n-4, i.e. the older one but with higher SINR.  How to choose is an implementation issue for the UE.
In case of CSI-RS based measurement (for transmission mode 9), the signal measurement subframe is n-nCQI_ref which is a subframe contains CSI-RS and no later than n-4.  It is worth pointing out that if PDSCH RE muting is applied on interfering cells, then the signal measurement performance can be uniformly good regardless of high-interference subframe or not.
Proposal 2 The signal strength measurements/estimates are based on unrestricted observation interval in time (however subject to CSI-RS presence for transmission mode 9).  
Some examples according to the measurement processes proposed above are presented in Appendix A.
3 Frequency-domain restrictions

It is stated in TS36.213 (Section 7.2.3) that the CQI measurements are based on an unrestricted observation interval in time and frequency.  However, similar to the case that the new application scenarios demand time-domain restrictions on measurements, frequency-domain restrictions on measurements are also needed.  To be more specific, in Rel-8/9 scenarios, unrestricted frequency-domain measurements may be useful since they normally reduce the volatilities by averaging/filtering interference across the entire bandwidth.  In Rel-10 and future scenarios, on the contrary, the interference characteristics on different frequency elements may be fundamentally different and vary quickly from one RB to another, making it meaningless to average across the entire bandwidth.  The reasonable way to do is to restrict the measurements and the averaging to the subset of bandwidth units with the same types of interference characteristics.  Therefore, it is proposed to impose restrictions in frequency-domain for interference measurements under appropriate conditions.

There are a few options for frequency-domain interference measurements:
a) The measurements in frequency-domain are unrestricted.  This is appropriate for Rel-8/9 type measurements for wideband CSI reporting, for example, when frequency-domain ICIC is not present.  
b) The measurements in frequency-domain are resource specific, and the interference measurements are implicitly assumed to be over the same frequency-domain resource as that of the CSI feedback, and with the same granularity as the CSI feedback.
c) The measurements in frequency-domain are resource specific as instructed by additional signaling (e.g. related to RNTP signaling).  The signaling is a bitmap indicating which subset (called the configured subset) of bandwidth units is to be used for measurements.  The granularity can be PRB, subband, bandwidth part, and so on, but the natural approach is to choose the granularity the same as the CSI feedback units.  Another approach is to align with that of RNTP configurations. 
Option b is preferred. 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. Although this may cover part of frequency-specific CSI measurements, there seems to be no clear understanding on whether frequency-domain resource-restricted interference measurement (as in option b) is already enforced by this option.
For frequency-domain signal measurements, it is proposed to keep it be based on unrestricted frequency-domain resources.
Proposal 3 Need to clarify whether frequency domain resource-restricted interference measurement is already enforced in Rel-8/9 for subband CSI feedbacks. If the answer is no, frequency domain resource-restricted interference measurement is introduced in Rel-10 for frequency domain ICIC.
4 Conclusions
In this contribution, some details about the measurement definitions of resource-restricted measurements are provided, mainly the reference subframes and frequency-domain restrictions.  The following are proposed:

· The reference subframes used for interference measurements are to take into consideration the restrictions due to the signalled measurement subsets.

· The signal strength measurements/estimates are based on unrestricted observation interval in time (however subject to CSI-RS presence for transmission mode 9).  
· Need to clarify whether frequency domain resource-restricted interference measurement is already enforced in Rel-8/9 for subband CSI feedbacks. If the answer is no, frequency domain resource-restricted interference measurement is introduced in Rel-10 for frequency domain ICIC.
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Appendix A. Illustrating Examples
In below figures we illustrate the proposed measurement processes given in Section 2.  

· In Figure 1 it is shown the CRS-based measurements based on unrestricted interval in time for periodic feedback.  The signal measurement and interference measurement are performed 4 subframes before the reporting subframe.  This can be used for Rel-8/9 UEs or non-eICIC scenarios.

· To contrast, in Figure 2 an example with two restricted subsets is given for CRS-based measurements.  Note that the two subsets are not necessarily complementary of each other, and it is not necessary to have both CSI reports (nevertheless the example shows both CSI measurements are reported).  As we can see, if the 4th subframe before the CSI report lies indeed in the configured subset (e.g., Subframe #7 CSI report is for CSI Subset 2 and Subframe #3 lies in CSI Subset 2), then the measurement behaves just like the unrestricted CSI measurement.  Otherwise, the interference measurement needs to be pushed further earlier in time but the signal measurement can still be the 4th subframe before the CSI report (e.g. Subframe #17 CSI report is for CSI Subset 1, but Subframe #13 is in CSI Subset 2, then the interference measurement is done on Subframe #9 and the signal measurement is done on Subframe #13).  
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Figure 1 CRS-based measurements based on unrestricted interval in time.  For CSI report at Subframe #7, the signal/interference measurements are based on Subframe #3.
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Figure 2 CRS-based measurements based on two restricted subsets of subframes. 1) Subframe #7 CSI report is for CSI Subset 2 and Subframe #3 lies in CSI Subset 2, so the signal/interference measurements are based on Subframe #3.  2) Subframe #17 CSI report is for CSI Subset 1, but Subframe #13 is in CSI Subset 2, then the interference measurement is done on Subframe #9 and the signal measurement is done on Subframe #13
· In Figure 3 it is shown the CSI-RS-based measurements based on unrestricted interval in time for periodic feedback.  The signal measurement subframe contains CSI-RS.  

· In Figure 4 an example with two restricted subsets is given for CSI-RS-based measurements.  The measurement procedure is similar to CRS-based measurements, but the signal measurement subframe needs to contain CSI-RS.  
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Figure 3 CSI-RS-based measurements based on unrestricted interval in time.  For CSI report at Subframe #7, the signal/interference measurements are based on Subframe #3 which is a CSI-RS subframe.
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Figure 4 CSI-RS-based measurements based on two restricted subsets of subframes. 1) Subframe #7 CSI report is for CSI Subset 2 and Subframe #3 lies in CSI Subset 2 and contains CSI-RS, so the signal/interference measurements are based on Subframe #3.  2) Subframe #17 CSI report is for CSI Subset 1, but Subframe #13 is in CSI Subset 2, then the interference measurement is done on Subframe #9 and the signal measurement is done on Subframe #13 which is also a CSI-RS subframe











































































