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1 Introduction

In the previous RAN1 meeting, some principles of the restricted CSI measurements have been agreed as the following:
· 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

As stated by the Status Report of eICIC WI [1], the following open issues need to be considered in RAN 1 on top of the agreement:

· Issue1: Final confirmation of the working assumption for aperiodic CSI reporting;

· Issue2: Collision handling between each CSI feedback to a configured subset.

This contribution will further discuss these two open issues in section 2 and section 3 respectively. In addition, another possible issue is described in case that periodic feedback and aperiodic feedbacks based on different subsets coexist in section 4.
2 Working assumption for aperiodic CSI reporting
Actually three different instances are involved in aperiodic reporting mechanism: 1) reporting instance in which the feedback is expected to be carried by UL channel; 2) reference resource instance as the expected channel condition to match well with CQI reporting; 3) triggering instance in which the corresponding CQI request is transmitted by DL channel.  Alt a) in the agreement tries to figure out the relationship between the reporting instance and the reference resource instance, while Alt b) is focused on the particular triggering mechanism to inform which subset is expected to be fed back. 
About the relationship between the reporting instance and the reference resource instance, the reference subframes used for interference measurements should be restricted into specific subset which is expected to be fed back, and the signal strength measurements/estimates are based on unrestricted observation interval in time (however subject to CSI-RS presence for transmission mode 9). Please refer to [2] for more details.
About the particular triggering mechanism for aperiodic reporting in restricted CSI measurement subset, there are three options:

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 UE by the type of subframe carrying the CQI request. Option 1 can follow the Rel-8 UL grant format to trigger aperiodic CSI reporting with some restriction on flexibility that only the subframes within configured subsets can be allocated to carry CQI request.
Option 2: The triggering grant can be in any downlink subframe with the explicit indication to inform UE which subset is triggered. Option 2 can follow the agreed new UL grant design for multiple aperiodic CSI triggering in CA, and explicitly inform UE which subset is triggered to feedback by reusing the two states to indicate which subset of serving cells is triggered to be reported aperiodic CSI feedback in CA. 
Option 3: The triggering grant can be in any downlink subframe with the implicit bundling between triggering instance and the expected subset by some pre-determined rule. Option 3 is an extension of option 1 and more flexibility is introduced. For example, UE assumes that the nearest subframe in either subset 1 or subset 2 to the triggering subframe is the one to be fed back. By this way, the ambiguity in case that triggering subframe is not within either subset is solved.
Compared with option 1 & 3, option 2 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 signaling would also locate in the subframe within subset #1 and possible reception failure might occur due to severe interference. However, by option 2, the explicit signaling can be carried by protected subframes in subset #2. Even with such a benefit, the trade off between the potential gain and possible specification impacts of option 2 should also be taken into account, which includes the necessity of correctly decoding the CQI feedback based on severely interfered subset and the possible ambiguity when both CA and restricted CSI are configured. By following the basic Rel-8 mechanism, option 1 is preferred due to the smallest specification impact. 
Proposal 1: The CQI request is carried by the downlink subframe within the expected subset to be reported.  
3 Collision handling of multiple periodic CSI feedbacks  
For Issue 2, actually the potential collision problem depends on how many parallel periodic feedbacks could be configured simultaneously to a UE. Based on the exact wording in agreement “Explicit RRC configuration links each CSI feedback to a configured subset”, two periodic feedbacks can be supported each of which is based on one specific subset. 
An example of when two periodic feedbacks should be configured is for a UE located in a region where the interference in both subsets is not so severe, both subsets can be the potential candidate resources to be scheduled, reporting periodic CSIs of both subsets is a straightforward way to fulfill UE requirement when high traffic load for this UE. Thus, the two periodic feedbacks are necessary in this scenario and possible collision needs to be handled.
When a UE is configured to periodically feedback CSIs of both subframe subsets, it is possible to avoid the collision by appropriately assign the periods and offsets of two feedbacks. For example, by configuring the two feedbacks with same period (
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) the feedback collision can be avoided by implementation at all.

However, the feedback collision is unavoidable in some scenarios, for example, in some specific TDD configurations. In this case the similar issue is observed as in CA scenario where the multiple DL component carriers’ CSIs are to be reported in one UL carrier. Similar solutions as the CA could be reused with some minor differences and specification efforts. For example, when collision occurs, the low-priority feedback can be dropped. If there is no priority difference, alternative dropping is also a possible way.
Proposal 2: Follow the future CA solutions to solve the collision issues when 2 periodic CSI feedbacks are configured.

4 Periodic feedback and aperiodic feedback based on different subsets

The number of configured periodic feedbacks depends on the particular situations when 2 subsets are configured to a UE. That is, there might be no need to always keep two periodic feedbacks simultaneously.  As an example, assume subset #1 consists of the subframes that are configured as ABS in Macro with light interference to the Pico cell, while subset #2 includes some normal subframes without special protection. Then, for a UE in cell edge of Pico suffering severe interference from Macro, it is not necessary for this UE to keep reporting periodic CSI of the subframe subset #2 at the cost of measurement effort and feedback overhead. One periodic feedback based on protected subset is reasonable and enough assuming low traffic load. 

Moreover, one additional aperiodic CSI reporting may also be configured to trigger CSI feedback based on subset 2 to facilitate eNB keep tracking the channel condition of subset #2 to see whether the channel condition of subset 2 is also good enough as the potential candidate resources for downlink scheduling. In this scenario, it is reasonable to keep one periodic feedback for scheduling protected subsets and one aperiodic feedback for testing the channel condition of un-protected subset to support further scheduling flexibility.  
In this scenario, one more issue occurs when periodic and aperiodic feedbacks are based on different resources. 

To clarify this issue, we can check the measurement and feedback procedure while both feedbacks are based on the same subset, say, subset #1. In this case, UE would keep measuring the interference of subset #1 for periodic feedback. Thus while triggering for aperiodic feedback of subset #1 is received, the interference estimation is already available and only channel estimation needs to be updated before feedback. 
On the other hand, as shown in Figure 1, while the triggering for aperiodic feedback is for different subset from periodic subset, there might be no appropriate subframes can be used for interference estimation between the interval of triggering and feedback instances. 
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Figure 1 periodic and aperiodic feedback based on same subsets

Of course, this issue can be solved by mandating UE to keep measuring both subsets even only one periodic feedback is configured. However, considering the energy saving issue and UE complexity, it is unnecessary for the UE to keep measuring the CSI for both subsets while the aperiodic CSI feedback is only occasionally triggered. Another possibility is to prolong the interval between triggering and feedback instances to include enough appropriate subframes for interference measurement. However, the UL timing would be changed and further specification work is needed when prolonging the feedback interval. Thus, it is slightly preferred to make sure that UE need to keep measuring both subsets. 
Proposal 3: For aperiodic feedback based on different subset from periodic feedback, the interference estimate accuracy may be guaranteed by one of:

i. mandate the UE to keep measuring both subsets even if only one periodic feedback is configured 

ii. prolong the interval between the triggering and feedback instances.

5 Conclusion

In this contribution, we discussed the open issues of restricted CSI measurement and feedback in detail. Following proposals are given:
Proposal 1: The CQI request is carried by the downlink subframe within the expected subset to be reported.
Proposal 2: Follow the future CA solutions to solve the collision issues when 2 periodic CSI feedbacks are configured.

Proposal 3: For aperiodic feedback based on different subset from periodic feedback, the interference estimate accuracy may be guaranteed by one of:

i. mandate the UE to keep measuring both subsets even if only one periodic feedback is configured 

ii. prolong the interval between the triggering and feedback instances.
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