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1 Introduction

The following agreements about periodic CSI reporting only are reached in the RAN1 #82bis meeting.
· Per-CC configuration of periodic CSI (up to 32 CCs) as rel-12 

· Reporting mode, periodicity, subframe offset (separately for RI and CQI/PMI), PUCCH format 2 resource as in Rel-12

· The existing per-CC P-CSI configuration is extended to support up to 32 CCs

· Up to two UE specific configuration(s) for multi P-CSI transmission (“multi P-CSI resource ”), each including the following  

· PUCCH Format (new PUSCH-like PUCCH format, FFS: new PUSCH-like format with CDM, FFS: format 3) 

· PUCCH Resource

· Max supported payload [bits or reports] or code rate, up to 8 RRC signaling states

· If the maximum is exceeded, the UE drops reports according to priority rules (Rel-12 rules as a baseline) until supported payload is not exceeded 

· [Power control related parameters, common config for all UCI types] 

· In a subframe where only one periodic CSI occurs, PUCCH format 2 is used as in Rel-12

· In a subframe where more than one periodic CSI occur, one of the multi P-CSI resource(s) is used

· FFS how to select one of the multi P-CSI resource(s) 

In this contribution, P-CSI (periodic CSI) without HARQ-ACK feedback enhancements for eCA would be further discussed.
2 PUCCH formats supporting multiple-cell P-CSI reports
The new PUSCH-like PUCCH format (PUCCH format 4) is agreed to be configured for multi-cell P-CSI transmission. Whether the new PUSCH-like format with CDM (PUCCH format 5) and PUCCH format 3 could be configured for multi-cell P-CSI transmission is left FFS.
The current PUCCH format 3 could maximally accommodate 22 bits UCI feedback. In the section 5.2.3.3 of [1], 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 in one subframe could be 1 bit for RI indication. Furthermore, 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. The aggregated number of carriers for typcial macro deployment scenario is not expected to be more than 16. Consequently, the payload size of P-CSIs is not always at the level to use PUCCH format 4. On the other hand, a large fraction of UEs in the cell may only be capable of aggregating up to 5 cells and thereby, it is expected that there will be PUCCH format 3 resources configured for HARQ-ACK feedback and at least the remaining resources in the same RB could be used for P-CSI reporting when the payload is less than 23 bits. It would therefore be desriable and straightforward (same dropping rules as for PUCCH format 4 can apply) to specify multiple-cell P-CSI reporting on PUCCH format 3.    
Proposal 1: For UEs configured with more than 5 serving cells, PUCCH format 3 can be used to carry P-CSIs for multiple serving cells when the payload size is less than 23 bits. 
· The same CSI dropping rules as for PUCCH format 4 apply.

The new PUCCH format 5 is introduced to multiplex HARQ-ACK feedback for 2 UEs in 1 PRB and has smaller capacity than PUCCH format 4, i.e., it applies for aggregation with fewer cells than for PUCCH format 4. Consequently, the need for multiple-cell P-CSI reporting is smaller for PUCCH format 5. The eNodeB may in practise not be able to reduce the PUCCH overhead if PUCCH format 5 is used for multiple-cell P-CSI reporting. 

· Resource overhead saving is unlikely since it is contingent on that the eNodeB is able to schedule 2 UEs in a subframe being configured with PUCCH format 5 when PUCCH format 5 is optional. 
· The resource allocation is more flexible for PUCCH format 4 (4 distinct PRB positions could be allocated while for PUCCH format 4, only 2 distinct PRB positions are possible for PUCCH format 5, assuming both CDM indices are allocated).  
Thus if the UE is capable of simultaneous HARQ-ACK and multiple-cell P-CSI transmission, PUCCH format 4 could be configured. Therefore, it is undesirable to use PUCCH format 5 for multi P-CSI transmission.
Proposal 2: PUCCH format 5 is not used to carry P-CSIs for multiple serving cells. 
3 Multiple-cell P-CSI resource(s) for more than one P-CSI
3.1 Multiple-cell P-CSI resource(s) configuration
It is agreed up to two multiple-cells P-CSI resources could be configured to one UE. For each resource, the max supported [bits or reports] or code rate would be configured. If the maximum is exceeded, the UE drops reports according to priority rules (Rel-12 rules as a baseline) until supported payload is not exceeded. For the configuration of max supported [bits or reports] or code rate for a multiple-cell P-CSI resource, it is agreed a parameter with value range of “INTEGER(0..7)” will be introduced [2].
When the max number of supported bits is configured for each P-CSI resource, the UE could compare the configured value with P-CSI payload size in one subframe to decide whether it is necessary to drop some of the P-CSIs. On the other hand, if the max code rate is configured for each P-CSI resource the UE has to calculate the possible supported payload with each resource and then make the decision. Moreover, to decide the code rate quantization granularity needs further evaluation and test to support UCI transmission performance. Therefore, it is proposed to configure the max supported P-CSI bits for each multiple-cell P-CSI resource considering the UE complexity and evaluation work.
Proposal 3: Configure the maximum number of supported P-CSI bits for each multiple-cell P-CSI resource. 
3.2  Multiple-cell P-CSI resource(s) selection
The payload size of P-CSI for a single cell in a subframe depends on the CSI reporting mode, number of antenna ports, and the number of cells with P-CSI reporting varies with the number of activated SCells. Up to two UE specific multiple-cell P-CSI resource(s) and each with PUCCH format 4 or PUCCH format 3 (if supported) could be configured for P-CSI transmission. In a subframe where more than one periodic CSI occur, one of the multiple-cell P-CSI resource(s) should be selected in a subframe. 

The capacity for P-CSI bits with different PUCCH formats is different. For example, the capacity of P-CSI bits supported by PUCCH format 2 and PUCCH format 3 should be no more than 11, and 12~22 respectively. For PUCCH format 4, the capacity for P-CSI bits should be above 22. For better resource utilization, the PUCCH format with the smallest maximum P-CSI payload which can accommodate the given P-CSI payload should be selected. For example, if PUCCH format 2 could be used for multiple-cell P-CSI transmission for no more than 11bits and PUCCH format 3 supports multiple-cell P-CSI transmission for no more than 22bis, under the condition of  the P-CSI payload
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, multiple-cell P-CSI resource with PUCCH format 2, PUCCH format 3  and PUCCH format 4 (if configured) should be selected respectively. 
For the selected PUCCH format, if there are multiple PUCCH resources configured for multiple-cell P-CSI transmission one of them should be further determined for actual P-CSI feedback. For PUCCH format 2, considering separated PUCCH format 2 resource is configured for each serving cell and each of them has the same maximum number of supported P-CSI bits (11bit), the determined PUCCH resource used for actual P-CSI feedback could be the one which corresponds to the highest priority P-CSI report. For PUCCH format 4/3, the configured PUCCH resources should have different capacity to accommodate different size of P-CSI. Then the determined PUCCH resource used for actual P-CSI feedback could be the PUCCH resource with the smallest maximal allowed number of P-CSI bits which can accommodate the given P-CSI payload.
An example of P-CSI resource selection is shown in Fig. 1 below. 
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Fig. 1 An example of P-CSI resource selection
The UE is configured with two multiple-cell P-CSI resources with PUCCH format 4. The two resources with PUCCH format 4 is configured with the maximum number of supported P-CSI bits as  
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. According to the activated serving cells and the corresponding P-CSI configuration for them in subframe n1, and n2, the P-CSI payload
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 respectively. Then the corresponding P-CSI resource in green colour in figure 1 are selected in each subframe. When P-CSIs reporting in one subframe exceed the supported maximum number of supported P-CSI bits by each configured PUCCH, the UE drops P-CSI reports according to priority rules in Rel.12 until supported payload is not exceeded.

Proposal 4: In a subframe where more than one P-CSI occurs, the PUCCH format with the smallest maximum P-CSI payload which can accommodate the given P-CSI payload is selected.

· If PUCCH format 4 or PUCCH format 3 (if supports multiple-cell P-CSI) is selected, the PUCCH resource used for P-CSI feedback is the PUCCH resource with the smallest maximal allowed number of P-CSI bits which can accommodate the given P-CSI payload.
· If PUCCH format 2 (if supports multiple-cell P-CSI) is selected, the PUCCH resource which corresponds to the highest priority P-CSI report is used for P-CSI feedback.
4 CRC and Coding scheme for P-CSI reporting

In Rel.12, if the payload size of CQI is less than or equal to 11 bits, RM coding is used while if the payload sizes greater than 11 bits, TBCC+8bit CRC is used. When multiple-cell P-CSIs are simultaneously transmitted, it is possible the payload size of CQI is much larger than before. For example, for 16 cells P-CSI, the maximal payload size of CQI could be 11*16= 176 bits and for 32 cells P-CSI, the maximal payload size of CQI could be 11*32= 352 bits. Therefore, for multi-cell P-CSIs transmission turbo coding could be used for the large payload size considering its better performance than TBCC in large size of information. 
As discussed in [3], for A-CSI reports more than 112 bits, turbo code could be used with a CRC length of 24. Similarly, turbo code could be used for more than 112 bits P-CSI transmission.
Proposal 5: For P-CSI channel coding:

· For payloads up to 22 bits , RM/Dual RM is used
· For payloads more than 22 bits and no more than 112 bits, TBCC is used  with a CRC of length 8
· For payloads more than 112 bits, Turbo Code is used, with a CRC length of 24.
5 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. SR is only transmitted on the subframes configured for SR transmission according to the SR periodicity and subframe offset configuration while P-CSI is only transmitted on the subframes configured for CQI/PMI/RI transmission according to the corresponding periodicity and subframe offset configuration. For no more than 5 carrier aggregation, the collision between P-CSI and positive SR in a same subframe could be largely avoided by proper SR transmission and P-CSI transmission configuration. When they are unfortunately met in the same subframe, P-CSI is dropped since only PUCCH format 2 could be configured for P-CSI transmission while PUCCH format cannot support simultaneous P-CSI and SR transmission. 
It is agreed the existing per-CC P-CSI configuration is extended to support up to 32 CCs. With the P-CSI related parameters such as periodicity, subframe offset, and etc per-CC configured, it would be difficult to always avoid P-CSI and positive SR in one subframe by configuration. Moreover, if SR and P-CSI would collide in a subframe configured for multi-cell P-CSI transmission, the amount of dropped P-CSI reports could increase significantly. Considering the new PUCCH format 4 supports large payload size, it is straightforward to provide simultaneous CSI and SR transmission on the configured PUCCH resource for P-CSIs transmission to reduce P-CSI report dropping probability. For example, P-CSI and SR can be jointly encoded in the subframes configured for SR transmission (similarly as for HARQ-ACK+SR, by appending the SR bit to the P-CSI reports). In the previous meeting, a higher-layer parameter “simultaneousAckNackAndCQI-Format4-r13” is introduced to enable/disable multi-cell P-CSIs + HARQ-ACK/SR on a new PUCCH format. This parameter could be reused for the UE to decide whether simultaneous CSI and SR transmission is supported.
Proposal 6:  P-CSI and SR is jointly encoded in PUCCH format 3 (if PUCCH format 3 supports multiple-cell P-CSI). 
Proposal 7: P-CSI and SR is jointly encoded in PUCCH format 4.

· If “simultaneousAckNackAndCQI-Format4-r13” is TRUE, simultaneous P-CSI and SR transmission is supported.
6 Conclusions
In this contribution, further P-CSI feedback enhancements without HARQ-ACK for eCA are discussed. The following proposals are reached:
Proposal 1: For UEs configured with more than 5 serving cells, PUCCH format 3 can be used to carry P-CSIs for multiple serving cells when the payload size is less than 23 bits. 
· The same CSI dropping rules as for PUCCH format 4 apply. 
Proposal 2: PUCCH format 5 is not used to carry P-CSIs for multiple serving cells.
· If PUCCH format 2 is used for multiple-cell P-CSI transmission, the used PUCCH resource could be the one which corresponds to the highest priority P-CSI report.
Proposal 3: Configure the maximum number of supported P-CSI bits for each multiple-cell P-CSI resource. 
Proposal 4: In a subframe where more than one P-CSI occurs, the PUCCH format with the smallest maximum P-CSI payload which can accommodate the given P-CSI payload is selected.

· If PUCCH format 4 or PUCCH format 3 (if supports multiple-cell P-CSI) is selected, the PUCCH resource used for P-CSI feedback is the PUCCH resource with the smallest maximal allowed number of P-CSI bits which can accommodate the given P-CSI payload.
· If PUCCH format 2 (if supports multiple-cell P-CSI) is selected, the PUCCH resource which corresponds to the highest priority P-CSI report is used for P-CSI feedback.
Proposal 5: For P-CSI channel coding:

· For payloads up to 22 bits , RM/Dual RM is used
· For payloads more than 22 bits and no more than 112 bits, TBCC is used  with a CRC of length 8
· For payloads more than 112 bits, Turbo Code is used, with a CRC length of 24..
Proposal 6:  P-CSI and SR is jointly encoded in PUCCH format 3 (if PUCCH format 3 supports multiple-cell P-CSI). 
Proposal 7: P-CSI and SR is jointly encoded in PUCCH format 4.

· If “simultaneousAckNackAndCQI-Format4-r13” is TRUE, simultaneous P-CSI and SR transmission is supported.
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