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1 Introduction

In RAN1 #63 meeting, two alternatives for the triggering mechanism of aperiodic CSI reporting were given [1]: 
· 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

In the email discussion after RAN 1 #63bis, it was agreed by most companies that 
· If the set of subframes CCSI,0 and the set of subframes CCSI,1 are configured by higher layers, each CQI reference resource belongs to either CCSI,0 or CCSI,1. 

· A downlink subframe shall be considered to be valid if

· for periodic CQI reporting, it is an element of the set of subframes linked to the report

By this agreement, the reference resource for periodic reporting is well defined by being forced to be the nearest subframe which is within the linked subset. On the other hand, it seems to be difficult in email discussion to achieve an agreement on how to appropriately define the reference resource for aperiodic reporting. From our perspective, this issue is to some extent complicated because it actually consists of the following two sub-issues:
· Issue 1: whether reference resource for aperiodic reporting should be restricted to configured subsets? That is, whether aperiodic CQI reporting can be reported for subframes outside of configured subset.
· Issue 2:  How to link the aperiodic CQI request to expected subset
This contribution gives further analysis on these issues in order to define the reference resource for aperiodic CQI reporting. Our proposals on the issue 1 and 2 are given in section 2 and 3 respectively while conclusions are drawn in section 4. 
2 Reference resource for aperiodic reporting
As mentioned by [2], there are actually three different instances that are involved in aperiodic reporting mechanism: 
· Reporting instance when the feedback is expected to be carried by UL channel; 
· Reference resource instance of which the CQI value is a representative; 
· Triggering instance when the CQI request is transmitted by DL channel.  
It is straightforward to ensure the reference resource for aperiodic reporting is also located within one of the configured subsets if the reporting based on this subset is expected. The only remaining question is that whether the channel conditions of subframes within the complementary subset also can be reported for by aperiodic reporting. 
According to some arguments given during the email discussions, the complementary subset may be needed to be measured and reported in presence of adaptive and dynamic ABS configuration in interfering cell.  To reduce the overhead of UE-specific RRC signalling, UE is only informed of two subsets related to the relative static ABS and non-ABS subframes both of which may have sparse densities and remain unchanged for a long time. In this case, the characteristics of subframes (protected or non-protected) contained by complementary subset may vary depending on the adaptation scheme used in the interfering cell(s) due to the load change in macro and pico cells. Considering that the aperiodic reporting is usually used for the case when bursty large traffic load occurs, it may be reasonable to schedule and feedback based on the complementary subset. 
However, several other issues should be considered to ensure that the use of complementary subset is worthwhile.  For reporting based on configured subset, the averaging of interference over multiple subframes within this subset can be used to obtain CQI estimation. On the other hand, if a CQI reporting is for a subframe within the complementary subset, considering the uneven interference level within the complementary subset, averaging across multiple subframes should be precluded and only single-subfame-based estimate is feasible. Therefore a UE might have different behaviour for reporting for configured subsets and the complementary subset which would introduce further change in specification or complexity in UE implementation. Before we make such change, the following questions should be answered:
1) Whether the adaptive ABS pattern is beneficial enough to justify such change. 
2) Even adaptive ABS pattern configured in interfering cell, whether aperiodic feedback and scheduling on the complementary subset is beneficial enough to justify the measurement and reporting for complementary subset. 

3) Whether the accuracy of single-subframe-based estimate applied to complementary subset is good enough to reflect the actual channel condition of complementary subset and be useful for PDSCH scheduling. Note that the periodic (and aperiodic) CQI reports based on two configured subsets can be reused to match the channel condition with some appropriate offset.
4) Since the UE is expected to have different measurement design for reporting on the configured subsets and the complementary subset, additional test case need to be defined.
Therefore, in current stage we fail to see a strong reason to allow the reference resource to be in the complementary subset. Considering the amount of possible evaluation work as mentioned above and the limited time left, we prefer to not allow aperiodic report for the complementary subset in Rel-10.
 Proposal 1: The reference resource for aperiodic reporting should be restricted to the configured subsets.
3 CQI request for aperiodic reporting
Based on the assumption that complementary subset is precluded to be measured and reported for, there are three options for the particular triggering mechanism to link aperiodic reporting to specific subset in restricted CSI measurement:

Option 1: The CQI request is carried by the downlink subframe within the expected subset to be reported. By this way, the expected subset is implicitly informed to the UE by the type of subframe carrying the CQI request. Option 1 follows the Rel-8 UL grant format to make sure that the triggering subframe coincides with the reference resource with some restriction on flexibility that only the subframes within configured subsets can be used to carry CQI request. 

Option 2: The triggering grant can be in any downlink subframe with the implicit bundling between triggering instance and the expected subset through some pre-defined rule. Option 2 is an extension of option 1 and more flexibility is introduced. As an example, the similar mechanism in periodic reporting can be followed by assuming that the latest subset before the triggering subframe is the one linked to the reporting. By this way, the reference resource should be shifted to the nearest subset to triggering subframe.
Option 3: The triggering grant can be in any downlink subframe with the explicit indication to inform the UE which subset is triggered for aperiodic report. Option 3 can follow the agreed new UL grant design for multiple aperiodic CSI triggering in CA to introduce full flexibility by explicitly informing UE which subset is triggered to feedback. 
Compared with option 1 and 2, option 3 can guarantee the successful reception of the triggering grant. For example, if subset #1 is the unprotected subset and suffers strong interference, in order to trigger the aperiodic feedback based on this subset by option 1, the triggering signalling would also locate in the subframe within subset #1 and possible reception failure might occur due to severe interference. However, by option 3, the explicit signalling can be carried by protected subframes. Even with such a benefit, the trade off between the potential gain and possible specification impacts of option 3 should also be taken into account, which includes additional physical bits for indication and the necessity of successfully receiving the CQI request for severely interfered subset. By following the Rel-8 mechanism, implicit bundling between triggering instance and linked subset is preferred due to the smallest specification impact. Thus both option 1 and 2 is considerable to be candidates. 
Proposal 2: The implicit bundling between CQI request subframe and linked subset is preferred.
4 Conclusion

In this contribution, we discussed the open issues of restricted CSI measurement and feedback in detail. Following proposals are given:
Proposal 1: The reference resource for aperiodic reporting should be restricted into configured subsets.
Proposal 2: The implicit bundling between CQI request subframe and reference resource is preferred.
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