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1
Introduction

Rel-11 approved Carrier Aggregation (CA) Enhancement WID includes UL and DL physical layer signalling for investigation [1]. In this contribution, we focus on simultaneous ACK/NACK+CSI transmission and multiple CSI reporting for UL signalling enhancement. 
2
Discussion on UL Signalling Enhancement
For CA in Rel-10 [2], PUCCH format 1b with channel selection and PUCCH format 3 are supported for ACK/NACK signalling for both FDD and TDD where PUCCH format 1b with channel selection could only be used for ACK/NACK feedback of two component carriers (CCs) and PUCCH format 3 could support ACK/NACK feedback for up to five CCs. On the other hand, in case of periodic CSI reporting on PUCCH in Rel-10, there will be at most one periodic CSI report of a DL CC in a subframe according to prioritization rule where for each CC periodic CSI reporting configuration is independent to one another. 
2.1
Multiple Periodic CSI Reporting

Because of independent periodic reporting configuration for each CC, collision of multiple periodic CSI feedbacks for multiple CCs in one subframe is possible. According to the prioritization rule by CSI reporting type and CC related index, only one CSI feedback is reported while the rest is (are) dropped. In Rel-10 FDD, it might be possible to avoid dropping by proper configuration of CSI periodicity and subframe offset for 2 carriers. However, in later release with more CC support, more frequent dropping of periodic CSI feedbacks can be foreseen. In addition, for most Rel-10 TDD configuration and conventional periodicity setting, collision of periodic CSI feedbacks is hardly evitable. Consequently, the eNB cannot properly schedule some CCs without corresponding reported CSI information. In other words, no matter CSI feedback dropping or scheduling restriction for both FDD and TDD, the consequent DL throughput loss is expected. Therefore, we consider that multiple periodic CSI feedbacks in a subframe should be supported in Rel-11. 
Proposal 1: Multiple periodic CSI feedbacks in a subframe should be supported in Rel-11.


In the following, we specifically consider 3 situations related to multiple periodic CSI reporting: 
Reporting on PUCCH
Based on current PUCCH format 2, it’s not possible to accommodate multiple CSI feedbacks for multiple CCs. Even for 8x DL MIMO case, the maximum payload size of CSI reporting is restricted to be the same as previous releases. To provide more CSI information, avoid UL resource waste and maintain DL throughput, three possible alternatives for reporting multiple CSI feedbacks on PUCCH could be considered, by PUCCH format 3, extended PUCCH format, or multiple PUCCHs. 
It’s understood that PUCCH format 3 (e.g. conveying 21 bits) could accommodate 2 periodic CSI feedbacks (e.g. for 2 carriers, 2 cells in CoMP etc) out of all periodic CSI feedbacks in a subframe. To make sure CSI feedbacks related to all carriers or cells could have chance being reported, possible methods, such as time bundling, rounding rule, or reporting subframe mapping, should be also considered. Otherwise, extended PUCCH format could be one alternative. However, it results in additional complexity and standardization impact, and might reduce multiplexing capacity according to OCC length. Therefore, we don’t consider extended PUCCH format. 
Another alternative is the usage of multiple PUCCHs for CSI feedbacks in a subframe. The method could be extended for other purposes, such as CoMP or CA based Hetnet (e.g. through at least 1 CC/cell) where providing sufficient channel information by multiple CSI feedbacks is also necessary. 
Above methods are applicable at least for CSI only cases (e.g. without ACK/NACK) no matter whether simultaneous PUCCH/PUSCH is configured or not. Even if simultaneous PUCCH/PUSCH is configured and there is a PUSCH allocation, once the above methods are considered sufficient, we don’t need to report multiple CSI feedbacks on PUSCH (which is also conformed to the intention of allowing simultaneous PUCCH/PUSCH transmission with possible less overhead on data channel). 
Reporting on PUSCH
On the other hand, once multiple periodic CSI feedbacks on PUCCH are supported, it’s preferred to support multiple CSI feedbacks for multiple CCs on PUSCH as well. By using PUSCH for multiple CSI feedbacks, all CSI feedbacks could be accommodated. It’s at least an intuitive solution when simultaneous PUCCH/PUSCH transmission is not configured and there is a PUSCH allocation. Nevertheless, as briefly mentioned above, when simultaneous PUCCH/PUSCH is configured and there is a PUSCH allocation, as long as the PUCCH methods are sufficient, it’s fine to just report multiple CSI feedbacks on PUCCH(s). In addition, reporting multiple periodic CSI on PUSCH could be kind of compensated by triggering aperiodic CSI reporting. 
Collision with aperiodic CSI reporting
Unless eNB requires specific channel state information under certain situation, by introducing proper enhancement of multiple periodic CSI reporting mechanism, it might be not always crucial to trigger aperiodic CSI reporting. In [2], when any periodic CSI reporting collides with aperiodic CSI reporting in a subframe, periodic CSI reporting is dropped. To avoid dropping of any useful periodic CSI information, with discussed methods on PUCCH or PUSCH, possible alternative could be either reporting aperiodic CSI on PUSCH while multiple periodic CSI feedbacks are reported on PUCCH(s) (e.g. simultaneous PUCCH/PUSCH transmission is configured) or reporting aperiodic CSI on PUSCH along with multiple periodic CSI feedbacks (e.g. simultaneous PUCCH/PUSCH transmission is not configured).  
According to the discussion in section 2.1, we propose that:
Proposal 2: Detail methods for multiple periodic CSI reporting should be studied and study of reporting on PUCCH(s) could be prioritized. 
2.2
Simultaneous transmission of ACK/NACK+periodic CSI feedback(s)
Under Rel-10 framework mentioned in section 2.1 and [2], the CSI feedback dropping issue could be more serious while CSI feedbacks collide with ACK/NACK or SRS in the same subframe. For a UE configured with multiple DL component carriers (e.g. configured with PUCCH format 3 for ACK/NACK), Rel-10 only allows conditional simultaneous ACK/NACK+periodic CSI transmission by multiplexing on PUCCH in a subframe if simultaneous ACK/NACK+CSI is allowed (e.g. simultaneousAckNackCQI), if the ACK/NACK corresponding to a PDSCH or PDCCH for downlink SPS release only on the primary cell, and if the UE doesn’t have PUSCH scheduled in the subframe (for TDD, also if UE is configured with format 1b with channel selection). To avoid further CSI feedback dropping, certain scheduling restriction would be applied once more. Again, no matter CSI feedback dropping or scheduling restriction for both FDD and TDD, the consequent DL throughput loss is expected. Therefore, we believe that further enhancement for simultaneous ACK/NACK+periodic CSI transmission should be considered in Rel-11. Please note that ACK/NACK could collide with more than one periodic CSI feedback. 
Proposal 3: Further enhancement for simultaneous ACK/NACK+periodic CSI transmission should be considered in Rel-11.
No matter whether we together take multiple periodic CSI feedbacks into account (e.g. ACK/NACK + periodic CSI feedbacks), possible alternatives of reporting on PUCCH (e.g. by existing PUCCH format, PUCCH format 3, new PUCCH format, and/or additional scheduling condition or multiplexing rule) and reporting on PUSCH should be studied. 
Proposal 4: Detail methods for simultaneous ACK/NACK+periodic CSI transmission should be studied and RAN1 should discuss the possibility of ACK/NACK + multiple periodic CSI feedbacks first. 
3
Conclusions

In this contribution, we mainly discuss aspects of UL Signalling enhancement and suggest considering simultaneous ACK/NACK+CSI transmission and multiple CSI reporting in Rel-11.
Proposal 1: Multiple periodic CSI feedbacks in a subframe should be supported in Rel-11.
Proposal 2: Detail methods for multiple periodic CSI reporting should be studied and study of reporting on PUCCH(s) could be prioritized. 
Proposal 3: Further enhancement for simultaneous ACK/NACK+periodic CSI transmission should be considered in Rel-11.
Proposal 4: Detail methods for simultaneous ACK/NACK+periodic CSI transmission should be studied and RAN1 should discuss the possibility of ACK/NACK + multiple periodic CSI feedbacks first. 
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