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1. Introduction

In RAN1 #66bis, RAN1 have considered potential UL control signalling issues. One of them is aggregated periodic CSI reporting for multiple cells in a subframe, since the periodic CSI is reported for only one DL cell in a subframe in Rel-10 CA. In this contribution, we discuss the aggregated periodic CSI reporting methods for multiple CCs in a subframe.

2. Discussion
In Rel-10 CA, periodic CSI reporting is transmitted by PUCCH on PCell in the same way as Rel-8/9. Although new schemes such as carrier aggregation and 8Tx DL MIMO were introduced in Rel-10, the maximum payload size of PUCCH format 2/2a/2b for periodic CSI reporting has been maintained as 11 bits. Also, CSI reporting mode is independently configured for each cell, and at most one cell CSI (with the highest priority) is reported in a subframe even in case that multi-cell CSI reporting is coincidently required. Thus, the other CSIs are dropped.
As more cells are aggregated, periodic CSI reporting latency will be increased due to frequent dropping by collision of multiple CSI reporting and possibly with other control signals such as HARQ-ACK transmission. The negative impact caused by CSI dropping will become more serious as the number of aggregated cells is increased. It would result in DL throughput loss and more CCE consumption for PDCCH, or require frequent aperiodic CSI reporting for link adaptation with consumption of more PDCCH and PUSCH resources to trigger and transmit aperiodic CSI transmission.

Proposal#1: Transmission of multiple periodic CSI is introduced for enhancement of uplink transmission in LTE-A Rel-11.
3. Contents of multiple periodic CSI transmission

In Rel-10, there are two types of CSI modes, (periodic) PUCCH CSI reporting mode and (aperiodic) PUSCH CSI reporting mode. In the first one, CSI contents are transmitted periodically with a portion of CSI divided into several subframes by RRC configuration, and in the second one, CSI contents are transmitted aperiodically in one shot by PDCCH triggering. Regarding the contents of multiple CSI transmission with periodicity in Rel-11, we can consider two approaches as follows: 

· Periodic transmission of CSI contents of Rel-10 periodic PUCCH CSI mode

Since PUCCH CSI mode is already intended for periodic reporting, what should be specified in Rel-11 for multiple CSI transmission of PUCCH CSI mode can be just additional PUCCH format as container for multiple CSI reporting. However, with independent configuration of periodicity between cells in Rel-10, the payload size of multiple CSI reporting in a subframe will vary according to the amount of collision of CSI period of multiple cells and the portion of CSI divided into the subframe. It may cause PUCCH resource waste if one container is fixed which affords to deliver maximum size of multiple CSI. For efficient usage of PUCCH resource, adaptive selection of container or aligned configuration of transmission period for a cell-group can be considered.

· Periodic transmission of CSI contents of Rel-10 aperiodic PUSCH CSI mode

CSI reporting of PUSCH CSI mode is aperiodically triggered by UL grant on demand, which can be configured to report CSI for multiple cells in a subframe already in Rel-10. But, frequent request of it without UL-SCH scheduling would cause PDCCH burden. Thus, a periodical PUSCH resource configuration for the PUSCH CSI mode would be beneficial if frequent and periodic update is required for aggregated multiple cells. It can be implemented by the same principle as SPS activation/ deactivation which can alleviate PDCCH burden for CSI triggering. Anyhow, the CSI size of PUSCH CSI mode is relatively larger than PUCCH CSI mode. Thus, required CSI update period and UL cell coverage should be considered.
4. Containers for multiple periodic CSI transmission
In this section, we discuss two alternative containers enabling multiple periodic CSI transmission.

· Alt 1 : Using existing PUCCH formats (e.g. PUCCH format 2 or PUCCH format 3)
For periodic CSI reporting on PUCCH, existing PUCCH formats such as PUCCH format 2 and/or format 3 can be used [1][2]. The current PUCCH format 2 and format 3 are capable of conveying 11 and 22 bits, respectively. These formats can be adaptively selected by the size of CSI or by the number of cells for multiple CSI, since each format is optimized for multiplexing capacity as well as payload size. For example, because the size is not always maximum size of 11 in every instance of CSI transmission for a cell, the PUCCH format 2 can also be selected for multiple CSI transmission with a size under 12 bits while PUCCH format 3 can be selected for a size between 12 and 22 bits of multiple CSI. However, if more than 22 bits of multiple CSI, dropping of some of CSI is inevitable.
· Alt 2 : Using PUSCH

In addition to PUCCH format 2, PUSCH may be considered as one of PUCCH format for multiple CSI reporting in the second approach in section 3. Periodic CSI reporting on PUSCH with 1 RB can accommodate PUCCH CSI reporting mode up to five component carriers (max 55 bits) and PUSCH can also be a container affordable for more than 55 bits considering the future extension. However, with the independent configuration of CSI transmission period for each cell and regarding the number of cells actually aggregated for a UE, the maximum size of 55 bits of multiple CSI may not happen so frequently. Therefore, PUSCH as a single format for independently configured multiple PUCCH CSI reporting modes is not preferable since PUSCH has no UE multiplexing capacity. 
On the other hand, if we adopt the second approach in section 3, it is natural to use PUSCH for PUSCH CSI reporting mode with periodicity.
From the discussion above, existing PUCCH format and PUSCH should be supported as containers for multiple CSI according to the number of bits for CSI reporting. Configurability between PUSCH and PUCCH format can be considered. 
Proposal#2: Existing PUCCH format and/or PUSCH should be supported as containers for multiple CSI. Configurability between PUSCH and PUCCH format can be considered.
5. Conclusion
This contribution discussed necessity and methods of the periodic CSI reporting for Rel-11. To alleviate DL throughput loss and unnecessary UL grant for aperiodic CSI report triggering, we propose as follows:
Proposal#1: Transmission of multiple periodic CSI is introduced for enhancement of uplink transmission in LTE-A Rel-11.
Proposal#2: Existing PUCCH format and/or PUSCH should be supported as containers for multiple CSI. Configurability between PUSCH and PUCCH format can be considered.
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