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1 Introduction

The following agreements about periodic CSI feedback enhancements for eCA are reached in the previous RAN1 #82 meeting.
· The PUCCH format with PUSCH-like structure can be used to carry
· P-CSIs for multiple serving cells
· FFS: P-CSIs for multiple serving cells and HARQ-ACK for at least  one serving cell
·  FFS: PUCCH format 3 can be used to carry multiple P-CSIs for multiple serving cells for payload size less than 23 bits
In this contribution, further P-CSI (periodic CSI) feedback enhancements for eCA would be discussed.
2 Multiplexing of P-CSI reports without HARQ-ACK in a subframe
2.1 PUCCH format 3 to support multiple P-CSI reports
Whether PUCCH format 3 can be used to carry multiple P-CSIs for multiple serving cells for payload size less than 23 bits is left FFS in the previous meeting.

FFS: PUCCH format 3 can be used to carry multiple P-CSIs for multiple serving cells for payload size less than 23 bits
The current PUCCH format 3 could maximally accommodate 22bits UCI feedback. In the section 5.2.3.3 of [1], the bit width of P-CSI reports with each CQI/PMI feedback type is addressed. The payload size of P-CSI for a single cell in a subframe depends on the CSI reporting mode, antenna port number, and etc. The maximum payload size of P-CSI for a single cell in one subframe is 11 bits and the minimum payload size of P-CSI for a single cell is in one subframe could be 1 bit for RI indication. Therefore, the PUCCH format 3 can transmit P-CSIs for at least two P-CSIs when the maximum payload size of P-CSI for a cell is assumed. For the other cases which less bits of P-CSI are included, it is possible to transmit P-CSIs for more cells with the PUCCH format 3.
If the UE is configured with two PUCCH cell groups, the PUCCH of one cell group only needs to carry the P-CSI reports for the cell with the cell group. Moreover, the aggregated carrier number for typcial Macro deployment scenario is seldomly more than 16. Consequently, the payload size of P-CSIs is not always at the level to use the new PUCCH format. When the P-CSIs to be transmittted is less than 23 bits, it is efficient to use the PUCCH with format3 to deliver the P-CSIs.
Proposal 1: PUCCH format 3 can be used to carry multiple P-CSIs for multiple serving cells when the payload size is less than 23bits. 
2.2  PUCCH configuration for P-CSI reports of multiple cells

When a UE is configured with more than one serving cell, only the CSIs for the activated serving cell(s) would be reported. Considering activation/deactivation of SCells commands are indicated to the UE with MAC procedures, it is possible that the number of Cells with P-CSI reporting varies with the number of activated SCells in the reporting subframe. In addition, independent PUCCH CSI reporting mode is configured for each serving cell semi-statically in the current specification. The periodicity and offset for CQI/PMI reporting and for RI reporting are also configured individually for each cell. Since multiple cells P-CSIs could be transmitted in one PUCCH with the new PUCCH format with PUSCH-like structure or with PUCCH format 3, it is possible to configure common P-CSI reporting parameters or configure the same PUCCH resource(s) for a group of CCs. For example, CCs from the same band can be configured with same P-CSI report parameters (e.g., periodicity/ offset, CSI report type). With individually configured P-CSI report for each serving cell or for each serving cell group, the amount of P-CSIs for the activated cells that need to be reported fluctuates a lot in different subframes especially when large number of carriers is aggregated.
Proposal 2: Configure common P-CSI reporting parameters or configure the same PUCCH resource(s) for a group of CCs.

Considering the PUCCH resource(s) with a certain formats/container are configured by RRC signals and the P-CSI reporting payload varies in each reporting occasions. It is possible to configure at least two PUCCH with different container for one group of CCs to adapt the P-CSIs report requirements. For a P-CSI reporting subframe, it is better that PUCCH with suitable PUCCH formats/container is selected for better resource utilization. For example, the PUCCH with the new PUCCH format with PUSCH-like structure could have multiple PRBs is used to carry P-CSIs for large number of activated cells while the PUCCH with the PUCCH format 2/3 is used to carry 1 or 2 P-CSI reports for 1 or 2 activated cells. The UE can select one of the two PUCCHs according to the number of P-CSI(s) that is to be reported. The other configured PUCCH which are not used by this UE could be allocated to other UEs for PUSCH transmission or dynamic HARQ-ACK feedback.
The following Fig. 1 is an example for PUCCH configuration. Assuming 16 configured component carriers are activated. The component carriers are divided into two groups: Group 1 includes CC0~6; Group 2 includes CC7~15. Common P-CSI reporting parameters are configured for the cells in the same group and two PUCCH with different formats/container are configured for one group. The container of two PUCCHs is different. The corresponding PUCCHs in green colour in figure 1 are selected according to the activated serving cells and the corresponding P-CSI configuration for them in subframe n1, n2, n3, and n4. In general, the eNB and UE could have the same determination about the selected PUCCH with predefined rule. During the ambiguous period when the eNB updates the carrier activation/deactivation state while does not know it is valid at the UE side, the eNB could perform blind detecting these two PUCCH resources corresponding to the previous cell activation/ deactivation state and the updated cell activation/ deactivation state respectively. Or the eNB could just ignore the P-CSI(s) reporting during this period.
When P-CSIs reporting for more than one group cells are collided in one subframe, it is better to use the PUCCH with higher container to transmit P-CSIs as much as possible. In the subframe n4, the P-CSIs reporting for cell group1 and cell group 2 are collided. PUCCH with high container could be selected for the P-CSIs reporting. Furthermore, the P-CSIs of cells in group 1 and group 2 which have higher priority could be transmitted if the total P-CSIs payload exceeds the container of the selected PUCCH. 
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Fig. 1 An example of PUCCH configuration
Proposal 3: Configure two PUCCHs with different formats/container for P-CSI reporting when more than 5 carriers are aggregated. One PUCCH is selected according to the activated serving cells and the corresponding P-CSI configuration in the given subframe.
 Proposal 4: When P-CSIs for cells from multiple CC groups are collided, the PUCCH with higher container is used.
2.3 Priority rules for multiplexing of P-CSI reports in a subframe
In the current specification, only one P-CSI for one CC with the highest priority can be transmitted on the PUCCH when multiple P-CSIs collide in one subframe. It can be assumed that no collisions in the same CC group happen when common P-CSI reporting parameters is configured for one group of CCs. However, there may be collision between CC groups and it is possible that the maximal 352bits P-CSIs reporting for up to 32 DL CCs may be beyond the maximum container of new PUCCH format(s). As a result, some dropping rules are still needed. One possible way is to reuse the priority rules defined in the current specification. That is the P-CSIs that are collided is firstly prioritized according to the CSI reporting type, and then prioritized according to the corresponding cell index. 
Proposal 5: The UCI priority rules defined in the current specification can be reused.
2.4 Multiplexing of P-CSI reports with SR in a subframe
In the current specification, when the UE is not configured for simultaneous PUSCH and PUCCH transmission, or if the UE is configured for simultaneous PUSCH and PUCCH transmission and not transmitting PUSCH, in case of collision between P-CSI and positive SR in a same subframe, CSI is dropped. The reason of dropping CSI is the SR is more important than the CSI while the configured PUCCH resources for P-CSI is with PUCCH format 2 which cannot support simultaneous P-CSI and SR transmission. For up to 32 carriers aggregation, it is possible to allow simultaneous CSI and SR transmission on the configured PUCCH resource for P-CSIs transmission to reduce P-CSI report dropping probability, for example, setting a fixed bit location in the new PUCCH format or PUCCH format 3 for SR transmission.

Proposal 6: Simultaneous CSI and SR transmission should be supported in the PUCCH format 3 or new PUCCH format(s) configured for P-CSIs transmission to reduce P-CSI report dropping probability.
3 Multiplexing of P-CSI reports with HARQ-ACK in a subframe
3.1 PUCCH resource determination for multiple P-CSI reports with HARQ-ACK
Whether the PUCCH format with PUSCH-like structure can be used to carry P-CSIs for multiple serving cells and HARQ-ACK for at least one serving cell is left FFS in the previous meeting.
· The PUCCH format with PUSCH-like structure can be used to carry
· FFS: P-CSIs for multiple serving cells and HARQ-ACK for at least  one serving cell
As discussed in 2.2, the amount of P-CSI bits that need to be reported varies with each subframes especially when large number of carriers is aggregated. Two or more PUCCH resources with different formats/container could be semi-statically configured for multiple P-CSI(s) reporting for more than 5 carrier aggregation. If there is HARQ-ACK transmission in the same subframe, there would be also PUCCH resource allocated for the HARQ-ACK report. One PUCCH of the configured PUCCHs for P-CSIs reports and the allocated PUCCH for HARQ-ACK feedback should be selected for the simultaneous P-CSI(s) and HARQ-ACK transmission. Since the PUCCH resource allocated for HARQ-ACK could be dynamically indicated which adapts to the instantaneous scheduling intention of the eNodeB, it is better to use PUCCH for HARQ-ACK to transmit HARQ-ACK and P-CSI. 
However, it is agreed in the previous meeting that “PUCCH format 1a/1b fall back from new PUCCH format is supported for Pcell only and DAI is equal to 1 for PDSCH only scheduling and SPS transmission cases”. Then the P-CSI(s) reports have to be dropped when PUCCH for HARQ-ACK feedback is fallbacked to PUCCH format 1a/1b. Therefore, the PUCCH configured for P-CSI(s) reporting could be used for HARQ-ACK and P-CSIs transmission if the condition of PUCCH fallback to PUCCH format 1a/1b is satisfied. 
When PUCCH allocated for HARQ-ACK feedback is used to transmit HARQ-ACK and P-CSI, the allocated PUCCH had better adapt to the HARQ-ACK and P-CSI payloads as much as possible to reduce P-CSI report dropping probability. Therefore, it is better to configure 4 candidate PUCCH resources with at least two different containers to HARQ-ACK feedback. As a result, the eNB could indicate one of the candidate PUCCHs in given subframe for simultaneous P-CSI(s) and HARQ-ACK transmission. 
Proposal 7: PUCCH configured for P-CSI(s) reporting is used for HARQ-ACK and P-CSIs transmission if the condition of PUCCH fallback to PUCCH format 1a/1b is satisfied. Otherwise, PUCCH resource allocated for HARQ-ACK feedback is used to transmit HARQ-ACK and P-CSI. 
3.2 P-CSIs reporting payload transmitted with HARQ-ACK 
It is unavoidable that the total bits of pCSIs and HARQ-ACK would be larger than the container of the allocated PUCCH or configured PUCCH. Similarly, some dropping rules are also needed. Following the current priority rule, the HARQ-ACK/NACK should have the higher priority than P-CSI and the performance should be firstly guaranteed. When the channel condition for the PUCCH transmission is relatively better, less PUCCH resources may be needed for HARQ-ACK transmission to meet the HARQ-ACK performance requirements. While much PUCCH resources are needed if the channel condition for the PUCCH transmission is relatively worse. Therefore, the number of P-CSIs that could be reported in certain PUCCH resource may depend on the needed resources for HARQ-ACK transmission. The more resources are used by HARQ-ACK, the less remains are available for P-CSIs and less number of P-CSI(s) could be reported in the PUCCH.

It is agreed in [2] that HARQ-ACK codebook size is dynamically determined. For certain HARQ-ACK codebook size, it is beneficial to use moderate resources to meet the performance requirements in order to leave more resources for CSI transmission. Accordingly, the supported number of P-CSIs along with the HARQ-ACK may vary dynamically. The number of P-CSIs supported in the PUCCH in the current subframe could be informed to the UE to achieve dynamically adjust the allocation proportion between P-CSI and HARQ-ACK. In addition to directly indicate the UE the number of P-CSIs in the DCI, it is possible to pre-configure the allowed P-CSI reports number for each candidate PUCCH resources and use the dynamic indication for determining one of the candidate PUCCH resources to indirectly indicate the allowed P-CSI number for the selected PUCCH.
Proposal 8: The number of P-CSIs to be sent in the PUCCH should be indicated dynamically to guarantee the performance of HARQ-ACK when P-CSIs and HARQ-ACK are simultaneously transmitted for R13 CA configuration. 
3.3 Channel coding for P-CSI and HARQ-ACK when simultaneously transmitted 
In order to support simultaneous transmission of P-CSI(s) and HARQ-ACK in the new PUCCH format with PUSCH-like structure, there are two options: joint coding and separate coding.
Option 1: joint coding

For this option, the P-CSI(s) bits and HARQ-ACK bits are concatenated and the concatenated bits are encoded as the case of HARQ-ACK only. This option may has little specification impacts for the design for HARQ-ACK encoding and resource mapping could be reused. However, the more urgency and importance of HARQ-ACK than P-CSI could not be reflected with the joint coding method.

Option 2: Separate coding
For this option, HARQ-ACK bits and CSI bits are encoded separately, and then rate matching is performed to each encoder according to the allocated modulation symbols for each of them. The performance of HARQ-ACK and CSI could be separately controlled. Then HARQ-ACK performance could be firstly guaranteed and the remaining resources could be used to transmit P-CSI. Moreover, the RI/PTI has higher priority than CQI/PMI considering p CQI/PMI in general is based on the RI/PTI. Then separate coding of RI/PTI and CQI/PMI could also be considered. Furthermore, since both HARQ-ACK and RI/PTI has higher priority than CQI/PMI, it is possible to jointly encode the HARQ-ACK and RI/PTI while separately encodes the CQI/PMI with them. 
Considering the HARQ-ACK/RI/PTI performance should be especially ensured for the impacts for DL transmission when the aggregated carrier number is beyond 5, it is proposed to use separate coding of CQI/PMI, RI/PTI, and HARQ-ACK when they are multiplexed in one PUCCH for R13 CA configuration.
Proposal 9: Separate coding of CQI/PMI, and HARQ-ACK should be supported when they are multiplexed in one PUCCH for R13 CA configuration.
The extra expected efforts for separate coding would be how to perform resource division, mapping and interleaving for CQI/PMI, RI/PTI, and HARQ-ACK within the certain PUCCH. In the current specification, when HARQ-ACK, RI, and CQI/PMI is transmitted on PUSCH, they are separately encoded and allocate separate modulation symbols on the PUSCH by the high layer configured parameter[image: image2.wmf]ACK
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 respectively. The similar principle could be used for the resource allocation in the new PUCCH format. For example, the number of modulation symbols for HARQ-ACK, 
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Option 2:　 
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Where 
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is the offset configured for the UE to determine the resources for HARQ-ACK. 
Alternatively, the number of OFDM symbols in the PUCCH could be divided to two groups and allocated to the UE for HARQ-ACK and CSI transmission respectively.

4 Conclusions
In this contribution, details about P-CSI feedback to support up to 32 component carriers aggregation with and without HARQ-ACK/SR are discussed.

For P-CSI without HARQ-ACK, the following proposals are reached:
Proposal 1: PUCCH format 3 can be used to carry multiple P-CSIs for multiple serving cells when the payload size is less than 23bits. 
Proposal 2: Configure common P-CSI reporting parameters or configure the same PUCCH resource(s) for a group of CCs.
Proposal 3: Configure two PUCCHs with different formats/container for P-CSI reporting when more than 5 carriers are aggregated. One PUCCH is selected according to the activated serving cells and the corresponding P-CSI configuration in the given subframe.
 Proposal 4: When P-CSIs for cells from multiple CC groups are collided, the PUCCH with higher container is used.
Proposal 5: The UCI priority rules defined in the current specification can be reused.
Proposal 6: Simultaneous CSI and SR transmission should be supported in the PUCCH format 3 or new PUCCH format(s) configured for P-CSIs transmission to reduce P-CSI report dropping probability.
For P-CSI with HARQ-ACK, the following proposals are reached:
Proposal 7: PUCCH configured for P-CSI(s) reporting is used for HARQ-ACK and P-CSIs transmission if the condition of PUCCH fallback to PUCCH format 1a/1b is satisfied. Otherwise, PUCCH resource allocated for HARQ-ACK feedback is used to transmit HARQ-ACK and P-CSI.  
Proposal 8: The number of P-CSIs to be sent in the PUCCH should be indicated dynamically to guarantee the performance of HARQ-ACK when P-CSIs and HARQ-ACK are simultaneously transmitted for R13 CA configuration. 
Proposal 9: Separate coding of CQI/PMI and HARQ-ACK should be supported when they are multiplexed in one PUCCH for R13 CA configuration.
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