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1. Introduction
In RAN1#66bis meeting, for Rel-11 CA, there was an agreement achieved as follows:

Potential UL control signalling issues for consideration include:

· Multiple periodic CSI in a subframe

· Periodic CSI + HARQ-ACK in a subframe

· Periodic CSI + SRS in a subframe

· Simultaneous PUSCH +SRS

· HARQ-ACK bundling 
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 this contribution, we also consider these two issues for uplink control signalling enhancement and propose a universal PUSCH based solution with pros and cons analysis.  

2. Discussion 
2.1 Motivation of UL Signalling Enhancement
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-CC periodic CSI reportings 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 CSI reports needs particular consideration. 
In Rel-10 carrier aggregation, for a UE configured with multiple DL CC, if periodic CSI report and ACK/NACK are to be transmitted on PUCCH in a subframe, periodic CSI report is dropped except for the following two cases:

· The HARQ-ACK corresponds to a PDSCH transmission or PDCCH indicating downlink SPS release only on the primary cell.

· The HARQ-ACK corresponds to PDSCH and/or PDCCH indicating downlink SPS release only on primary cell and the UE is configured with TDD format 1b with channel selection. 

When periodic CSI reports and ACK/NACKs for multiple carriers need to be simultaneously  transmitted in a subframe, although the above two cases support simultaneous transmission of periodic CSI and ACK/NACK, periodic CSI dropping will still occur frequently because of the low probability of scheduling only a PDSCH transmission on PCell compared to other scheduling situations. Consequently, downlink throughput would be impacted due to lack of periodic CSI feedback. 

Observation 1:  Downlink throughput loss would be expected due to lack of periodic CSI feedback when not supporting simultaneous transmission of multi-CC periodic CSI reporting and ACK/NACKs.
In order to avoid the excessive dropping of periodic CSI reports in case of collisions and long delay for TDD HARQ-ACK feedback, support of multi-CC periodic CSI reporting with ACK/NACKs in the same subframe should be considered in Rel.11 CA enhancement.
Proposal 1: Simultaneous transmission of multi-CC periodic CSI reporting with/without ACK/NACKs should be supported in Rel-11. 

2.2 Solutions for periodic CSI report with/without ACK/NACKs
In recent RAN1’s meeting, some companies proposed to consider a unified CSI feedback mechanism for both CA and CoMP transmission[1][2][3]. If UE receives PDSCH from multiple cells or executes CSI measurements for multiple transmission points, latency among reports for different cells will be avoided to more efficient support DL CoMP. In addition, when considering the combination of CA with eICIC, the periodic CSI reports are possible to frequently occur.
Observation 2:  A universal CSI feedback mechanism for CA, eICIC and CoMP is desirable to be systematically considered for uplink control signalling enhancement.
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, for a UE supporting up to 5 CCs, the maximum payload size for the combined uplink control information (UCI) is 66 bits for FDD and 76 bits for TDD.
From the above analysis for possible payload size of UCI, the exist PUCCH formats have not such capacity to contain all possible multi-CC periodic CSI besides ACK/NACK for CA. Therefore, several methods proposed to deal with this problem as follows:

· PUCCH format 3 and its extension
In Rel-10, the maximum payload size for PUCCH Format 3 is only 21 bits, which means at most two CC or 2 cells in CoMP’s periodic CSI reports or a single periodic CSI report multiplexed with ACK/NACKs [4][5][6] can be conveyed.  To accommodate more periodic CSI reports, modified PUCCH format with SF 2/3[7] are proposed to convey 72/48 information bits respectively. However, these modified formats are still not satisified with possible needs. 
In addition, PUCCH format 3 and its extensions may require new PUCCH encoding schemes, e.g. joint coding or separate coding, and thus detailed analysis and comparison is needed for the reason of different target BLER requirments for periodic CSI and ACK/NACK. Also, PUCCH resource segmentation issue should be considered because new PUCCH format cannot be multiplexed with any existing formats in the same PRB, which demands extra testing effort. Therefore, such methods would introduce significant impact on specifications.
· TDM based solution
Contribution[8][9] discussed the way of avoiding periodic CSI dropping is to leave it up to eNB implementation, i.e. the eNB has to configure periodic CSI reporting for the cells in a TDM fashion. From the evaluations for a homogenous network with MU-MIMO, it is observed that with increased CSI reporting periodicity, both the DL cell average and cell edge spectral efficiency degrades significantly, especially for large CSI reporting periodicity, which is expected for UEs activated on a large number of carriers.
Hence, this TDM based solution puts a heavy restriction on the eNB scheduling and will result in increased CSI feedback delay with a severe impact to system throughput when the number of aggregated CCs increases. 
· PUSCH
In Rel-10 CA, aperiodic CSI reporting on PUSCH is already supported, it could be straightforwardly  extended to periodic CSI reporting case without major changes in specification. 
To design a universal CSI feedback mechanism for CA, eICIC and CoMP in all scenarios,  PUSCH based solution seems to be the best choice for sustainable enhancement based on the following considerations:
· No capacity constraints
Except two reference symbols, there are 12 OFDM data symbols in each subframe with each symbol contains 24 coded bits with QPSK modulation. Thus, a total of 288 coded bits can provide 144 information bits for a code rate of 1/2 to accommodate periodic CSI report and ACK/NACK. 
With this solution for up to 5 CCs, all periodic CSI feedbacks(55 bits) multipluxed with all ACK/NACKs(FDD-10bits, TDD-20bits) can be conveyed over PUSCH with no capacity constraints. In addition, various CSI report types, like wideband or subband reporting, are able to be transmitted together into the same subframe without consideration of capacity constraints.
Similarly, it is easily extended to the case for multiple-cells CSI reports in CoMP scenarios. 

· Applicable for various TDD UL-DL configurations
Since TDD has different UL-DL configurations, for some DL-heavy configurations,e.g. configuration 2/4/5, more ACK/NACK bits are needed to feedback the quality of downlink transmissions. Due to the limited capacity of existing PUCCH formats, periodic CSI report may frequently be dropped with less UL subframes in these configurations. This situation can be reliefed for the reason that more precise channel informations are acquired if multiple periodic CSIs are sent on PUSCH without capacity constraints in these UL subframes. 
· No need for further ACK/NACK bundling consideration for PUCCH format 3

In Rel-10, PUCCH format 3 is only applied for ACK/NACK transmission. When multiple periodic CSI feedbacks are reported on PUSCH, except for TDD configuration 5, there is no need to further consider the capacity and coding schemes for PUCCH format 3 if following the ACK/NACK bundling rules in Rel-10.  
· Small changes in specification
In Rel-10, the PUCSH transmission scheme for periodic CSI + HARQ ACK reporting is already supported. While no new transmission format and coding scheme is introduced, the impact on the specifications is limited to CSI and HARQ-ACK reporting procedure and additional higher layer signalling by RAN2, and further no RAN4 impact is expected. 
In addition, simultaneous transmission of SRS and PUCCH/PUSCH can be supported with following the rules defined in Rel-10.

· Good Scalability

Compared to other approaches, this solution can be sustainably enhanced for CA, eICIC and CoMP scenarios, if needed. 

The potential shortages of PUSCH based solution are the efficiency of small payload size, insufficient multiplexing capacity and increased UL overhead, see below. 
· The efficiency of small payload size
If the total payload size is small, e.g. single CC’s periodic CSI report, it may be inefficient to use PUSCH to convey. In order to increase the efficiency of small UCI payload size, some solutions, e.g. Hybrid combination of PUCCH format 3 and PUSCH[10], are proposed and need further discussion. 
· UE’s multiplexing capacity

From the multiplexing capacity point of view, each PUSCH resource is reserved for one UE. To improve the possible limitation of UE’s multiplexing, DL-assignment based triggering mechanism[11] is proposed, the PUSCH resources for multiple periodic CSI reporting in a subframe are reserved per UE via higher-layer signaling and triggered by DL assignment.  
· UL overhead
UL overhead is increased if each resource is reserved for each UE and multiple periodic CSIs are reported every reserved subframe in the same way as in the existing periodic CSI reporting.
· UE power consumption
PUSCH and PUCCH may operate at different interference over thermal (IoT) levels, and typically PUSCH operates at a much higher IoT due to HARQ protection[12]. And PUSCH normally has higher transmission power than PUCCH, although PUCCH has high priority for power allocation. Therefore, power consumption issue on PUSCH for multiple periodic CSI reports and ACK/NAKs needs to be carefully considered. 
In spite of these above shortages, we think PUSCH based solution is still a future-proofed universal multiple CSI feedback mechanism for CA, eICIC and CoMP scenarios. 

Proposal 2: PUSCH based solution is preferred for multiple periodic CSI reporting with/without ACK/NACK in Rel-11. 
Proposal 3: In Rel-11, the principles for  periodic CSI report and ACK/NACK multipluxing are: 
· Non CA case, UE is configured with a single serving cell
It follows Rel-10 rules: 
· ACK/NACK only: PUCCH format 1a/1b

· Periodic CSI only : PUCCH format 2
· Single CC’s periodic CSI + ACK/NACK: PUCCH format 2a/2b

· CA case, UE is configured with more than one serving cell
· Not configured for simultaneous PUCCH and PUSCH transmission
· PUCCH only

PUCCH format 3: single CC’s periodic CSI with all ACK/NACKs
If the total payload size is larger than the capacity bits for format 3, ACK/NACKs transimission should be firstly guarranteed and periodic CSI report is dropped if needed. If a single periodic CSI is to be transmitted, it should be the periodic CSI with the highest priority, and the priority rule defined in Rel-10. 
· PUSCH only

PUSCH: multiple CC’s periodic CSI with/without all ACK/NACKs
Multiple CC’s periodic CSI reports with/without ACK/NACKs will be transmitted on PUSCH of the serving cell under the selection rule defined in Rel-10. And the PUSCH resources for these combined UCIs are allocated by the order of parameter ServCellIndex for each CC.
· Configured for simultanous PUCCH and PUSCH transmission
In this case, all ACK/NACKs are transmitted on PUCCH format 3, while multiple CC’s periodic CSI reports are transmitted on PUSCH. 
2.3 Remaining issues for PUSCH based solution

If PUSCH based solution is adopted, the following issues need to be considered.  
· The resource assignment for PUSCH
· Triggered by UL grant scrambled by C-RNTI
For dynamic transmission, the scheduling informations can be kept on UL grant scrambled by C-RNTI.
· 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,etc. And other scheduling informations, e.g. the PRB resource and MCS, can be carried by UL grant scrambled by SPS-C-RNTI. 
· Semi-statically RRC configuring and triggered by UL grant or DL assignment
In contributions[10][11][13], 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, we propose to semi-statically RRC configuring the PUSCH resources for multiple CC’s periodic CSI reports and triggered by DL assignment. 

              Proposal 4: Semi-statically RRC configuring the PUSCH resources for multiple CC’s periodic CSI reports and triggered by DL assignment is supported in Rel-11. 
· periodic CSI and ACK/NACK coding scheme
In contributions[14][15][16], joint coding and separate coding schemes for multiplexing periodic CSI with ACK/NACK on PUCCH format 3 are discussed and may have different performances due to different BLER requirements. Similarly as on PUSCH, the coding scheme for multiplexing multiple CC’s periodic CSI with ACK/NACKs on PUSCH needs to be determined by their performances. 
· Joint coding of ACK/NACKs and periodic CSI payloads
For this case, it  has less impact on the specification, test and implementation. And also, for TDD configurations, the performance difference with separate coding is within a small dB fraction in most cases. 
· Separate coding of ACK/NACK and periodic CSI payloads 
In this case, ACK/NACK and periodic CSI are separately coded and mapped to the PRB resources on PUSCH. This will provide performance gains from different coding and rate matching according to different payloads and target BLER requirements. In particular, with the increase of the relative CSI payload size, the performance gains from separate coding compared to joint coding are also increased. 
However, separate coding scheme may lead to more complex impact on specification, test and implementation. It needs to determine a specific rate matching for all possible combinations of HARQ-ACK and periodic CSI payloads, and consider a new transimission power control for these combinations as well. 
              In consideration of the timeline for Rel-11 and the complexity for specification, test and implementation, joint coding of ACK/NACKs and periodic CSI payloads on PUSCH is proposed in Rel-11.
              Proposal 5: Joint coding of ACK/NACKs and periodic CSI payloads on PUSCH is proposed in Rel-11.
· Simultaneous transmission of periodic and aperiodic CSI reports
      In Rel-8, if there is a PUSCH allocation in the same subframe, a UE shall transmit periodic CQI/PMI or RI report on PUCCH and piggyback the same report on PUSCH。Hence, simultanous transmission of periodic and aperiodic CSI report on PUSCH will be no technical obstacles in Rel-11, and less impact on RAN1’s specification will be introduced[17]. 
      Compared to periodic CSI report, aperiodic CSI report of the same serving cell can provide more detailed channel quality information. Therefore, to reduce UL overhead, periodic CSI report can be dropped only when it collides with the aperiodic CSI of the same serving cell on PUSCH. When the periodic CSI of one serving cell and the aperiodic CSI of another serving cell collide in the same subframe, both periodic and aperiodic CSI information could be kept and transmitted on PUSCH. And also,  UE is not expected to receive more than one aperiodic CSI report request for a given subframe. 
      Proposal 6: Simultaneous transmission of periodic CSI and aperiodic CSI report of different serving cells on PUSCH in the same subframe should be supported in Rel-11. 

3. Conclusion
This contribution considers the periodic CSI report with ACK/NACK issues for uplink control signalling enhancement and proposes a PUSCH based solution with the pros and cons analysis, and gives the following observations and suggestions: 
Observation 1:  Downlink throughput loss would be expected due to lack of periodic CSI feedback when not supporting simultaneous transmission of multi-CC periodic CSI reporting and ACK/NACKs.
Observation 2:  A universal CSI feedback mechanism for CA, eICIC and CoMP is desirable to be systematically considered for uplink control signalling enhancement.
Proposal 1: Simultaneous transmission of multi-CC periodic CSI reporting with/without ACK/NACKs should be supported in Rel-11. 

Proposal 2: PUSCH based solution is preferred for multiple periodic CSI reporting with/without ACK/NACK in Rel-11. 
Proposal 3: In Rel-11, the principles for  periodic CSI report and ACK/NACK multipluxing are: 

· Non CA case, UE is configured with a single serving cell
It follows Rel-10 rules: 

· ACK/NACK only: PUCCH format 1a/1b

· Periodic CSI only : PUCCH format 2
· Single CC’s periodic CSI + ACK/NACK: PUCCH format 2a/2b

· CA case, UE is configured with more than one serving cell
· Not configured for simultaneous PUCCH and PUSCH transmission

· PUCCH only

PUCCH format 3: single CC’s periodic CSI with all ACK/NACKs

If the total payload size is larger than the capacity bits for format 3, ACK/NACKs transimission should be firstly guarranteed and periodic CSI report is dropped if needed. If a single periodic CSI is to be transmitted, it should be the periodic CSI with the highest priority, and the priority rule defined in Rel-10. 
· PUSCH only

PUSCH: multiple CC’s periodic CSI with/without all ACK/NACKs

Multiple CC’s periodic CSI reports with/without ACK/NACKs will be transmitted on PUSCH of the serving cell under the selection rule defined in Rel-10. And the PUSCH resources for these combined UCIs are allocated by the order of parameter ServCellIndex for each CC.

· Configured for simultanous PUCCH and PUSCH transmission

In this case, all ACK/NACKs are transmitted on PUCCH format 3, while multiple CC’s periodic CSI reports are transmitted on PUSCH. 

Proposal 4: Semi-statically RRC configuring the PUSCH resources for multiple CC’s periodic CSI reports and triggered by DL assignment is supported in Rel-11. 
Proposal 5: Joint coding of ACK/NACKs and periodic CSI payloads on PUSCH is proposed in Rel-11.
Proposal 6: Simultaneous transmission of periodic CSI and aperiodic CSI report of different serving cells in PUSCH in the same subframe should be supported in Rel-11. 
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