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1. Introduction
LTE Evolution continues in Release 12 with small cells as one of the key focus areas. One aspect in the small cell physical layer study item is to investigate the need for control signaling enhancements. 
From the uplink point of view small cells often result in quite favorable geometry as the lower eNodeB TX power implies that the UEs are close to the eNodeB and consequently the UL will seldom if ever be power limited. Considering the reasonably low number of UEs in the small cells, there is no clear need to try to optimize UL control signal overhead in the small cell scenarios. On the contrary, in small cells the UEs will in fact be often in a position where they would be able to provide more elaborate control information to the eNodeB without increasing the UL overhead too much. 

Many of the small cell scenarios considered currently assume separate carrier for the small cell and the macro, and rely on (or at least would benefit from) carrier aggregation. Therefore, it is natural to look at UL control signaling enhancements from carrier aggregation point of view. Discussion on the need for UL control signaling improvements to support Carrier Aggregation Enhancements took place in the LTE Release 11 carrier aggregation enhancements work item, where a set of potential enhancements were identified as ways to further improve DL performance. 
One needs to keep in mind that improvements for e.g. CoMP, eICIC, and DL SU-MIMO and MU-MIMO are / have been standardized and most of those enhancements should also be applicable in the small cells. One common nominator for all of these DL features is that their applicability relies heavily on the availability of accurate UL Channel State Information (CSI). While the design of the CSI contents may not be a matter of particular interest to RAN1 Small Cell studies, the CSI container itself has clearly a significant effect on what kind of CSI can be made available at the eNodeB. 

The impact of CSI reporting on the overall system performance is two-fold. Purely from the DL point of view, the more accurate and elaborate CSI there is available, the better. From the UL point of view, on the other hand, the CSI provides significant overhead by reserving bandwidth that could otherwise be used for data transmission. Furthermore, when designing CSI transmission enhancements for small sells / CA, it is also crucial to consider at the same time other new and as well as already specified features impacting CSI reporting, which can be operated independently or jointly with CA. The factors to bear in mind include:
· Particularly in TDD, where there are naturally fewer UL subframes available for CSI feedback signalling, the multiplexing of CSI reports requires special attention
· When considering the combination of CA with eICIC, resource specific CSI will increase the number of independent CSI reports even further, potentially doubling the number of periodic CSI reports. 
· Similarly, in CoMP the need to feedback CSI for multiple CSI processes also multiplies the number of CSI reports needed

In this contribution we present our view related to development of UL control signaling schemes in Release 12.
2. CSI enhancements in LTE Release 12
From the above points it becomes apparent that the need for elaborate CSI feedback is expected to significantly increase in the future. From the UL point of view this is somewhat challenging:

· The capacity of periodic CSI on PUCCH with format 2/2a/2b is currently limited only up to 11 bits. Already in Release 8, this was in practice insufficient for anything other than simple wideband CSI. With the new DL features coming, it starts to be difficult to utilize periodic PUCCH for even that purpose without having the reports colliding and being dropped frequently. 

· Aperiodic CSI is of course a more flexible solution for many scenarios where elaborate CSI reporting is a necessity. However, this does not come for free either: a separate UL grant is required to trigger aperiodic CSI reports, hence consuming valuable PDCCH resources. 

In the following we discuss briefly the CSI reporting on PUCCH with the above points in mind. 
2.1 Periodic CSI reporting on PUCCH
Periodic CSI reporting on PUCCH has been often assumed to be the fundamental mode of providing eNodeB information on the UEs’ channel conditions. Based on the rather frequent periodic CSI reports the eNodeB can make the decision on which UEs to schedule and, if needed, request the UE to provide a more elaborate Aperiodic CSI report on a per need basis. 
In Rel-10 the CA was primarily optimized for two CCs and it was seen as sufficient to not allow for multiplexing of periodic CSI reports for multiple CCs in one subframe. Instead, in case of a collision the agreement is to drop all reports but one according to a predefined priority order. The limitations of this principle were extensively discussed during Rel-11 Carrier Aggregation Enhancements WI: the 11-bit PUCCH format 2 is simply not capable of providing even wideband CSI in some scenarios without reports colliding and dropped. Alternatively, the CSI reporting rate would need to be lowered resulting in deteriorated link adaptation and scheduling performance. The issue becomes more severe in the case to TDD operation, where the number of available UL subframes is limited anyway. In addition to CA, also some other features such as eICIC resource specific CSI reporting and potentially also CoMP require more frequent periodic CSI reporting aggravating the issue even further.
There was wide consensus in Rel-11 Carrier Aggregation Enhancements WI on the point that improvements for Periodic CSI reporting are needed and the agreement “Multi-Cell Periodic CSI Multiplexing for DL CA is supported in Rel-11” was reached in RAN1#68bis [1]. However, due to shortage of time it was not possible to finalize the work in Rel-11 and further improvements were not specified in the end. We see that the motivations for specifying improvements to periodic CSI reporting still exist, and considering the development in e.g. Rel-11 DL CoMP WI, the need for enhancements is in fact even stronger than earlier. In the use case of interest the benefits of periodic CSI reporting compared to Aperiodic triggering are apparent (no PDCCH overhead). Hence, it would be greatly beneficial to have periodic PUCCH formats significantly larger than today, capable of delivering moderately large payloads. Therefore we make the following proposal:

Proposal: Support transmission of multiple periodic CSI reports during one subframe 

3. Conclusions

In this contribution we discuss the need for enhancements in CSI feedback signaling in the light of Carrier Aggregation Enhancements Work Item. We note that the capacity of periodic CSI reporting on PUCCH is insufficient for many of the use cases anticipated for small cells in Rel-12 and that the need to transmit UL grant every time limits the applicability of Aperiodic CSI reporting in the same scenarios. Finally, based on these observations we give following proposals: 
Proposal: Support transmission of multiple periodic CSI reports during one subframe
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