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1. Introduction
In RAN1#67 meeting, several contributions have discussed the possible enhancements for periodic CSI enhancements into the following two items: 
· To enable transmission of multiple periodic CSI in a subframe:

· To enable transmission of periodic CSI and HARQ-ACK in a subframe:

In RAN1#68bis meeting, for Rel-11 CA, there was an agreement achieved as follows:

· Multi-Cell Periodic CSI Multiplexing for DL CA is supported in Rel-11

· Based on existing UL channel formats (FFS which one)

· Multi-cell HARQ-ACK and Periodic CSI Multiplexing for DL CA is supported in Rel-11
· A Rel-11 UE that supports PUCCH Format 3 can be configured for simultaneous transmission of multi-cell HARQ-ACK feedback, SR and periodic CSI report for one serving cell on PUCCH Format 3

· For a Rel-11 UE that is configured for Format 1b with channel selection, simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report on PUCCH Format 2a/2b is FFS

· FFS whether separate coding or joint coding of HARQ-ACK and CSI 

In this contribution, we consider the Multi-Cell Periodic CSI Multiplexing issues and give a tradeoff solution based on PUCCH format 3 and PUSCH for supporting simultaneous transmission of multi-cell periodic CSI multiplexing.  

2. Discussion 
2.1 Motivation

In Rel-10 CA，in case of periodic CSI reporting on PUCCH, there will be at most one periodic CSI report for a downlink carrier in a subframe based on the prioritization rule. 
Due to independent periodic CSI reporting configuration, it has possibility of the collision of multi-cell periodic CSI reports in one subframe, which consequently causes downlink throughput loss. Particularly in some TDD configurations, fewer UL subframes available for periodic CSI feedback, the multiplexing of multiple periodic CSI reports needs particular consideration. 
Observation 1:  Downlink throughput loss would be expected due to lack of periodic CSI feedback when not supporting simultaneous transmission of multi-cell periodic CSI reports in a subframe.
In RAN1#68bis meeting, several contributions have done the related simulations for this simultaneous transmission issue. In contributions [1][2],  aperiodic CSI on PUSCH is considered and can cut down the DL trhoughput loss caused by dropping periodic CSI. However, if aperiodic CSI becomes the main resource for link adaptation for UE with DL carrier aggregation, it will impact on the data scheduling ability or increase control overhead. Contributions [3][4] have done the simulation of the impact on DL throughput for different speed rates UE. The simulation results show that for low speed UE (3km/h), aperiodic CSI may provide better DL throughput than periodic CSI at the expense of higher PDCCH/PUSCH overhead; but for medium speed UE  (30km/h), the benefits of aperiodic CSI over periodic CSI for DL throughput reduce significantly compared to low speed scenario. In contribution
Finally, in order to avoid the excessive dropping of periodic CSI report, RAN1 agreed to support multi-cell periodic CSI multiplexing for DL CA in Rel-11, but not yet decided to use which format from the existing UL channel formats. 
2.2 Solutions for transmitting multi-cell periodic CSI reports 
Uplink control information (UCI) includes CQI/PMI/RI and ACK/NACK, and its payload size should be firstly considered. The actual combined payload size of UCI depends on the number of CCs and scheduled codeword as well as the CSI reporting mode.  The maximum payload size of UCI consists of  the number of CCs, maximum payload size of periodic CSI report for a single CC(11bits), maximum payload size for ACK/NACK feedback(FDD-10bits, TDD-20bits), and a SR bit. Therefore, the maximum payload size for a UE with 5 CC’s periodic CSI reports only is 55 bits. 

The existing PUCCH formats have no such capacity to contain all possible multi-cell periodic CSI reports for DL CA. In contribution[5], several methods are compared with prons and cons analysis, such as PUCCH format 3 and its extension, TDM based solution, and PUSCH. A PUSCH based solution was proposed in contribution[6] for attempting to design a universal CSI feedback mechanism for CA, eICIC and CoMP scenarios from the following factors:

· No capacity constraints with feedback flexibility
· Applicable for various TDD UL-DL configurations
· No need for further ACK/NACK bundling consideration for PUCCH format 3

· Small changes in specification
· Good scalability for CA, eICIC and CoMP scenarios
On the other hand, these benefits may be acquired at the cost of the efficiency of small payload size, insufficient multiplexing capacity and increased UL overhead. 

In comprehensive consideration of the above analysis and the timeframe of Rel-11 WI, it is preferred to combine the PUCCH format and PUSCH channel to feedback all periodic CSI reports to maximize system throughput and minimize UL overhead as well. So we propose that:
Proposal 1: If the total payload size is not more than 22 bits, PUCCH format 3 is used to accommodate all periodic CSI reports for simultaneous transmisstion in one subframe. Otherwise, PUSCH channel should be used for all periodic CSI reports multiplexing in Rel-11. 
From this proposal, dropping any periodic CSI informations doesnot exist, and consequently system throughput can be maximized. In the meantime, since the total payload size more than 22 bits maybe a small probability event, UL overhead won’t be increased greatly compared with the proposed PUSCH only based solution[6]. 
2.3 Remaining details for PUSCH transmission
If multiple periodic CSI reports are transmitted on PUSCH channel, these reports will be concatenated by the ServCellIndex of each component carrier and transmitted on the PUSCH resource under relative scheduling rule. Therefore, there are several details need to be confirmed.
· PUSCH resource scheduling
Since periodic CSI reports for multiple cells may have different reporting periods and offsets, it is important to consider the PUSCH resource scheduling issue. 
· Dynamic scheduling: Triggered by UL grant scrambled by C-RNTI
For dynamic transmission, the scheduling informations can be kept on UL grant scrambled by C-RNTI. Dynamic scheduled PUSCH will increase UL overhead, especially for simultaneous transmission of large number of periodic CSI reports. 
· Semi-Persistent Scheduling: Triggered by UL grant scrambled by SPS-C-RNTI
Similar as the SPS scheduling mechnism in Rel-10, the semi-statically RRC-configured parameters are semiPersistSchedIntervalDL and numberOfConfSPS-Processes. And more, other scheduling informations, e.g. the PRB resource and MCS, can be carried by UL grant scrambled by SPS-C-RNTI. 

If want to transmit any number of perodic CSI reports on PUSCH resource, how to configure SPS scheduling period needs to be determined, such as one SPS period with large resource for reporting all periodic CSI or multiple SPS periods for scheduling each periodic CSI. 
Observation 2: If SPS scheduling is adopted for periodic CSI reporting, it should determine the number of configured SPS scheduling periods, such as one SPS period or multiple SPS periods.
· Reserved PUSCH resource: Semi-statically RRC configuring and triggered by UL grant or DL assignment
In contributions[8][9][10], some PUSCH resources are reserved and semi-statically configured by RRC signalling, and shared by multiple UEs to report multiple periodic CSI feedbacks on PUSCH. To reduce UL overhead, UL grant or DL assignment is introduced to trigger periodic CSI report as aperiodic SRS transmission in Rel-10. If there is a triggering, multiple periodic CSI are reported on those assigned PRB resources, multiplexed with the data. Otherwise, if no periodic CSI is transmitted, due to the knowledge of all the configuration information for UE, eNB will reuse the resources for data transmission and this would not result in waste of resources. 

              To maintain the flexibility of scheduling the PRB resources on PUSCH and enhance the PRB resource utilization, semi-statically RRC configuring and DL assignment triggering seems a good method, but it needs to discuss and determine the configuration period issue. As we said above, the total payload size more than 22 bits maybe a small probability event, UL overhead won’t be increased greatly if dynamic scheduling triggered by C-RNTI scrambled UL grant is adopted in Rel-11. 
Proposal 2: Dynamic scheduling triggered by C-RNTI scrambled UL grant is supported for multiple periodic CSI multiplexing on PUSCH in Rel-11. 

· All triggered periodic CSI reporting or selected periodic CSI reporting

If multi-cell periodic CSI reports are triggered, is it necessary to report all of them or selectively report some of them on PUSCH resource? If the total payload size is not more than 21 bits, PUCCH format 3 is used without introducing extra UL overhead. In such case, it should determine the selection rule for multiple periodic CSI reports transmission. 
Therefore, the total payload size of multiple periodic CSI reports will impact the selection of periodic CSI reporting solutions (PUCCH format 3 or PUSCH) and the configuration of SPS scheduling periods for PUSCH based solution. 
In consideration of the timeframe of Rel-11 WI, it’s better to feedback all triggered periodic CSI reports in Rel-11 for simplicity. 

Proposal 3: All triggered periodic CSI reports need to be feedback in Rel-11. 

3. Conclusion
This contribution considers the Multi-Cell Periodic CSI Multiplexing issues and gives a tradeoff solution based on PUCCH format 3 and PUSCH for supporting simultaneous transmission of multi-cell periodic CSI multiplexing, and the observations and suggestions are given as follows: 
Observation 1:  Downlink throughput loss would be expected due to lack of periodic CSI feedback when not supporting simultaneous transmission of multi-cell periodic CSI reports in a subframe.
Observation 2: If SPS scheduling is adopted for periodic CSI reporting, it should determine the number of configured SPS scheduling periods, such as one SPS period or multiple SPS periods.
Proposal 1: If the total payload size is not more than 22 bits, PUCCH format 3 is used to accommodate all periodic CSI reports for simultaneous transmisstion in one subframe. Otherwise, PUSCH channel should be used for all periodic CSI reports multiplexing in Rel-11. 

Proposal 2: Dynamic scheduling triggered by C-RNTI scrambled UL grant is supported for multiple periodic CSI multiplexing on PUSCH in Rel-11. 

Proposal 3: All triggered periodic CSI reports need to be feedback in Rel-11. 
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