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1. Introduction
At RAN1#63 and RAN1#63bis, agreements on resource-restricted CSI measurements were made and captured in the Chairman’s notes as quoted below.
RAN1#63 agreements:

· 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

· Qualcomm, Ericsson, ST-Ericsson, TI, Huawei, HiSi, Nokia, NSN, CATT, IDC, Samsung, Motorola, Fujitsu, RIM, ALU, ASB

· Alt b: Follow same approach as for CA - confirm details after aperiodic CSI triggering decision for CA

· LG, DoCoMo, ZTE

· For periodic CSI reporting

· Explicit RRC configuration links each CSI feedback to a configured subset
RAN1#63bis agreements:

eNB can configure either 1 or 2 sets of periodic reporting parameters (periodicity, offset)

Collision handling: 

· No specified collision handling method; avoidance of collisions is left to the eNB; UE behaviour is undefined if collision occurs
From the above agreements, it remains for RAN1 to confirm the working assumption “Alt a” or select “Alt b” if the working assumption turns out to be insufficient. In this contribution, we present our view on the potentially need to introduce an explicit triggering mechanism for aperiodic CSI reporting as indicated by “Alt b” above.
2. Discussion
The main argument made by companies promoting “Alt b” on aperiodic CSI reporting is increased scheduling flexibility needed for controlling the PDCCH load in sparse subsets of CQI reference resources. Let us elaborate on some scenarios where this flexibility could potentially be useful:
1. There are many users operating in the cell range expansion (CRE) zone, and the number of protected subframes is few, e.g. only every eight subframe is protected. In this case the PeNB would need to prioritize to schedule users operating in the CRE zone in 8 out of 40 subframes, which may result in PDCCH capacity limitations if downlink assignments, uplink grants and frequent aperiodic CSI triggering shall share these scarce and precious resources. 
2. There are many users operating in the CRE zone, and the number of protected subframes is high, e.g. seven out of eight subframes are protected. In this case it may be of interest for the PeNB to know which users that could also be scheduled in the non-protected subframes, but with a sparse set of CQI reference resources linked to the non-protected subframes there could be a potential PDCCH capacity limitation if downlink assignments, uplink grants and frequent aperiodic CSI triggering shall share these resources.
3. A pico cell is deployed on the cell borders to several macro cells, in which the macro cells operate with different ABS patterns resulting in a few fully protected subrames. The PeNB configure two set of subframes containing a handful CQI reference resources linked to protected subframes and to non-protected subframes, respectively. Thus, most of the subframes would in this scenario belong to the complementary set, and therefore it could be a potentially need to trigger CSI reports linked to the two set of subframes from subframes in the complementary set. 
In the first scenario, it’s clear that there are too many pico cell edge users with respect to number of protected subframes which readily leads to reduced cell throughput in the pico. The obvious network action to resolve this bottleneck/situation would be to either increase the number of protected subframes or hand over a certain amount pico users in the CRE zone to the macro cell. One could say that the root cause to this scenario is a network flaw in the load balancing across the cells. However, let us assume that the network will not consider the above actions to resolve this situation. One further possible way to deal with this situation of limiting triggering opportunities for aperiodic CSI reporting could then be to configure UEs with periodic CSI reports linked to the set of sparse CQI reference resources. Different UEs would then be configured with different report instances in order to avoid high PUCCH load in certain uplink subframes as illustrated in Figure 1. Another aspect that needs to be taking into account when triggering aperiodic CSI reports for pico cell edge users in non-protected subframes is the likelihood to detect the triggering grant. Hence, triggering aperiodic CSI reports for pico cell edge users in non-protected may lead to frequent misdetections of the grants.
In the second scenario, there are a few users connected to the macro cell and the majority of the pico users operate deep within the CRE zone, as should be the case with most subframes being protected, but likely there will also be users closer to the centre of the pico cell. Intuitively, the PeNB prioritizes to schedule users closer to the pico centre in the non-protected subframes, and leave the precious protected subframes for the many users in the CRE zone. One purpose of occasionally trigger the pico cell edge users to send aperiodic CSI reports linked to non-protected subframes could be to “monitor” their possibility to also be scheduled in the non-protected subframes, indicated by reporting a non-zero CQI index. However, with active users closer to the centre of the pico cell, it is likely better to use resources in non-protected subframes for those users, instead of letting a cell edge users transmit with a low MCS. When pico cell edge users move closer to the pico cell centre, as well as moving into the macro cell, the proper action of the network would be to reduce the number of protected subframes and thus increase the number of occasions for triggering aperiodic CSI reports in non-protected subframes. Although it should from a radio condition point of view be possible to trigger aperiodic CSI reports linked to non-protected subframes in protected subframes without frequent misdetections of associated grants, it seems that configuring periodic CSI reports provides the tool to handle this scenario, if it turns out to be useful information for the PeNB. Situations with the majority of the subframes being protected should be rare (such as 87.5% of the subframes being ABS).
In the third scenario, the number of semi-protected subframes will be high whereas CQI reference resources linked to protected and non-protected subframes, respectively, will be sparse. The potential issue with this scenario is perhaps that it will not be possible to report CSI for the majority of the subframes rather than triggering CSI reports linked to the two configured set of subframes. However, with a few protected subframes due to different ABS patterns in the neighbor macro cells, the proper network action would be to either shrink the CRE zone or coordinate the ABS patterns across the macro cells, which may though result in suboptimized resource utilization across layers. By shrinking the CRE zone it will be less critical to configure resource restricted CSI measurements but if the network would still see a performance benefit of configuring resource restricted CSI reports it could let the second subset be the complementary set to the subset related to protected subframes. As discussed for the scenarios above, configuring periodic CSI reports is an option to handle subsets with sparse CQI reference resources.

In the above scenarios, we considered Macro-Pico deployments mainly since we believe that the potentially need for flexibility is likely less for Macro-Femto CSG deployments.  In the Macro-Femto CSG case, the number of users connected to the femto is usually few and the potential limitations indicated above appear to be minor. Furthermore, if there would be many macro users in the vicinity of the femto CSG, then we believe that there will likely be other more serious issues than the potential limitations of triggering aperiodic CSI reports. Given that the ABS pattern for femto cells are statically configured and most likely the same in all femto cells, the complementary set would be empty.
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Figure 1 Periodic CSI reports used to handle subset with sparse CQI reference resources 
3. Conclusion
In this contribution, we elaborated on the potential need for explicit triggering of aperiodic CSI reporting. The overall conclusions are that the working assumption “Alt a” appears to be sufficient and scenarios for which explicit triggering would improve flexibility refer to improper network actions or can be handled by configuring periodic CSI reports linked to subsets with sparse CQI reference resources. Furthermore, requesting aperiodic CSI reports in non-protected, or semi-protected, subframes for users operating in the CRE zone could lead to high probability of PDCCH misdetection, and thus waste of capacity.
