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1 Introduction
The following agreements on CSI feedback for Rel-13 eCA were made in RAN1#82bis:

· For existing aperiodic CSI reporting modes/mechanisms, 

· One CSI triggering DCI is able to trigger report for at most 32 CSI processes

· i.e., each CSI set can contain at most 32 CSI processes

· Introduce new UE capability signaling which indicates the maximum number of CSI processes to be updated per UE across CCs 
· Maximum number of CSI processes to be updated indicated in UE capability signaling should not be less than 5
· If the number of CSI processes to be updated is more than 5 and exceeds UE capability, some relaxations to address UE complexity should be considered
· A higher-layer parameter is introduced to enable/disable multi-cell P-CSIs + HARQ-ACK on a new PUCCH format

· If it is disabled, when the UE transmits HARQ-ACK/SR on the new PUCCH format, the UE does not include P-CSIs on the new PUCCH format
· Introduce a new aperiodic CSI reporting mode 1-1 to contain only wideband information
· This is configured by higher-layer signaling
· 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) 

· FFS how to define a maximum number of CSI + HARQ-ACK/SR bits to be transmitted in one new PUSCH-like PUCCH resource in a subframe 
In this contribution, we further discuss the remaining details of CSI feedback for Rel-13 eCA.
2 UE capability on the maximum number of updated CSI processes
Given that it has been agreed that each A-CSI triggering set can contain at most 32 CSI processes and the maximum number of CSI processes to be updated indicated in UE capability signaling should not be less than 5, the UE capability signalling can be in the range of 5 to 32. Since a UE can be capable of aggregating any number of serving cells between 5 and 32, it is proposed that the granularity of the UE CSI processes capability is 1. Therefore,

Proposal 1: The value range of the UE capability of the maximum number of updated CSI processes across CCs is 5 to 32, with a granularity of 1.

In the following, we denote the maximum number of updated CSI processes across CCs as 
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For a UE indicating its capability of 
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 to the network, if the UE is not configured with more than one CSI process in all configured serving cells, upon reception of an A-CSI triggering, if there are  
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number of unreported CSI processes associated with other aperiodic CSI triggering, the UE is not expected to update 
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[image: image5.wmf](

)

CA

u

CA

x

N

N

,

,

-

 number of CSI processes is selected according to the ascending cell index among the triggered CSI processes. It is noted that 
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unreported CSI processes can corresponding to any configured serving cells.
For a UE indicating its capability of 
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 to the network, if the UE is configured with more than one CSI process in at least one serving cell, it is necessary to discuss the interaction between the UE capability 
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(i.e. the maximum number of CSI processes supported by the UE for the serving cell) in the current specification and the new UE capability 
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 is defined per serving cell and in a per band combination fashion. For a UE indicating its capability 
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, it is possible to simplify the design by not considering 
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 for each configured serving cells. In other words, the CSI processes priority is ordered according to cell index and CSI process index, as following: 
Proposal 2: If a UE indicates its capability on the maximum number of updated CSI processes across CCs to the network, upon reception of an aperiodic CSI trigger, if there are 
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number of unreported CSI processes associated with other aperiodic CSI trigger, the UE is not expected to update 
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 CSI processes are selected based on the following priority:

· CSI process index 1 in cell index 1 > CSI process 2 in cell index 1 > … > CSI process M1 in cell index 1 > CSI process index 1 in cell index 2 > … > CSI process M2 in cell index 2 > … > CSI process 1 in cell index A > … > CSI process MA in cell index A, where A is the number of configured serving cells for the UE.
3 Aperiodic CSI reporting mode 1-1

A new A-CSI reporting mode 1-1 was agreed in RAN1#82bis. The eNB needs to know if a UE supports A-CSI reporting mode 1-1. One way is that a UE supporting more than 5 serving cells shall also support A-CSI reporting mode 1-1, and a UE not supporting more than 5 serving cells does not support A-CSI reporting mode 1-1. This is the implicit approach to tell the network whether a UE support A-CSI reporting mode 1-1. Another way is to introduce a UE capability to indicate whether it supports A-CSI reporting mode 1-1. Since the A-CSI reporting mode is mainly to reduce the overhead when the UE aggregates many serving cells, the implicit approach is preferable to avoid too many UE capabilities.
Proposal 3: A UE supporting more than 5 serving cells supports A-CSI reporting mode 1-1 and a UE supporting no more than 5 serving cells does not support A-CSI reporting mode 1-1.
Then for a UE supporting A-CSI reporting mode 1-1, it is possible for the eNB to use it even when the UE is aggregating no more than 5 serving cells. This is purely up to network configuration.

Proposal 4: For a UE supporting A-CSI reporting mode 1-1, the network can configure A-CSI reporting mode 1-1 for a serving cell even when the UE is configured with no more than 5 serving cells.

4 Multi-cell P-CSI transmission
For multi-cell P-CSI transmission on PUCCH format 4, it is FFS whether to define the maximum payload size or the code rate. Considering 8 possible PRB sizes exist for PUCCH format 4, it is preferable to define the code rate. Then the maximum payload size for P-CSI can be derived based on the PRB size of the PUCCH format 4 resource configured for multi-cell P-CSI transmission.

Proposal 5: Define the code rate associated with each PUCCH format 4 resource for multi-cell P-CSI transmission. The maximum payload size for multi-cell P-CSI is derived based on the code rate and the PRB size of the associated PUCCH format 4 resource.   

In case the total P-CSI report bits in a subframe exceed the maximum payload size, some P-CSI dropping rule needs to be defined. The existing specification has the following priority rules:

· For a same serving cell, P-CSI reporting type 3/5/6 have higher priority than 1/1a/2/2a/2b/2c/4;

· For a same serving cell and multiple CSI processes, the CSI process with the lowest index is priorities for P-CSI reporting type of the same priority;

· For a same  serving cell configured with CSI subframe sets, the CSI report corresponding to 
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 is priorities for P-CSI reporting type of the same priority;
· For multiple serving cells with P-CSI reporting type of different priorities (i.e. P-CSI reporting type 3/5/6 vs. 1/1a/2/2a/2b/2c/4), P-CSI reporting type 3/5/6 is prioritized;

· For multiple serving cells with P-CSI reporting type of same priority, lowest serving cell index is prioritized.

The above is only a summary of the existing P-CSI dropping rules. Serving cells configured with TM 1-9 and TM10 are further separated in the current TS36.213 specification. In order to support multi-cell P-CSI transmission, it is necessary to provide a priority order among all CSI process on all serving cells. The following multi-cell P-CSI priority rule is proposed.
Proposal 6: For multi-cell P-CSI reporting using PUCCH format 4, for any pair of CSI reports, the following rule applies when determining the priority:
· if the two CSI reports are of different report types (3/5/6 vs. 1/1a/2/2a/2b/2c/4), the CSI of report type 3/5/6 has higher priority;

· if the two CSI reports are of same report type and of different CSI subframe sets indices, the CSI of lower CSI subframe set index has higher priority;

· if the two CSI reports are of same report type, of same CSI subframe set index, and of different CSI process IDs, the CSI with lower CSI process ID has higher priority;

· if the two CSI reports are of same report type, of same CSI subframe set index, of same CSI process ID, and of different serving cell indices, the CSI of lower serving cell index has higher priority. 
And multiple P-CSI reports are selected for transmission according to the priority of each CSI report until the maximum payload size is reached.
When two PUCCH format 4 resources are configured for multi-cell P-CSI transmission, the UE needs to select one of the two PUCCH format 4 resources for transmission. The two PUCCH format 4 resources are supposed to handle different payload sizes of multi-cell P-CSI. Therefore, the following proposal is made: 

Proposal 7: A UE is not expected to be configured with two PUCCH format 4 resources with the same maximum payload size for multi-cell P-CSI transmission.

Proposal 8: When two PUCCH format 4 resources are configured for multi-cell P-CSI transmission with maximum multi-cell P-CSI payload size of X1 and X2, with X1 < X2
· If the maximum payload size of all P-CSI in the reporting instance is no more than X1, then the PUCCH format 4 resource corresponding to X1 is selected for multi-cell P-CSI transmission;
· Otherwise, the PUCCH format 4 resource corresponding to X2 is selected for multi-cell P-CSI transmission.

Furthermore, in order to simplify the design, it is proposed not to support multi-cell P-CSI transmission using PUCCH format 3 and PUCCH format 5 (i.e. the new PUCCH format with CDM).
Proposal 9: Multi-cell P-CSI transmission using PUCCH format 3 and PUCCH format 5 is not supported.

5 Multi-cell P-CSI and HARQ-ACK transmission
In previous releases, simultaneous HARQ-ACK and a single cell P-CSI is supported via PUCCH format 2/2a/2b according to the higher layer parameter simultaneousAckNackAndCQI and via PUCCH format 3 according to the higher layer parameter simultaneousAckNackAndCQI-Format3-r11. The multi-cell P-CSI and HARQ-ACK using the new PUCCH format 4 (i.e. the PUSCH-like new PUCCH format) is according to higher layer parameter simultaneousAckNackAndCQI-Format4-r13.
The PUCCH format 4 resource configured by higher layers for HARQ-ACK transmission can also include a coding rate. Together with the PRB size of the PUCCH format 4 resource, the maximum payload size can be calculated for each PUCCH format 4 resource. The following proposal is made for multi-cell P-CSI and HARQ-ACK transmission.

Proposal 10: If simultaneousAckNackAndCQI-Format4-r13 is set to TRUE,

· Each of the 4 PUCCH format 4 resource configured by higher layers shall also be configured with a coding rate, with which the maximum payload size for the PUCCH format 4 resource is derived;

· In a subframe where a PUCCH format 4 (indicated by ARI) is used for HARQ-ACK transmission and there is at least one P-CSI report in the subframe,

· if the total number of the HARQ-ACK bits and the at least one P-CSI bits is no more than the maximum payload size of the indicated PUCCH format 4 resource, transmit the HARQ-ACK and the at least one P-CSI on the indicated PUCCH format 4 resource;

· otherwise
· perform spatial bundling of the HARQ-ACK bits;
· select P-CSI according to the priority rule in proposal 6 until the total number of spatial bundled HARQ-ACK bits and the selected P-CSI bits reaches the maximum payload size of the indicated PUCCH format 4 resource;
· transmit the spatial bundled HARQ-ACK bits and the selected P-CSI on the indicated PUCCH format 4 resource.

Furthermore, in order to simplify the design, it is proposed not to support simultaneous transmission of HARQ-ACK and periodic CSI using PUCCH format 5 (i.e. the new PUCCH format with CDM).
Proposal 11: Simultaneous transmission of HARQ-ACK/SR and periodic CSI using PUCCH format 5 is not supported.
6 Conclusions
In this contribution, we discuss the remaining issues of CSI feedback for Rel-13 eCA, with the following proposals: 
Proposal 1: The value range of the UE capability of the maximum number of updated CSI processes across CCs is 5 to 32, with a granularity of 1.

Proposal 2: If a UE indicates its capability on the maximum number of updated CSI processes across CCs to the network, upon reception of an aperiodic CSI trigger, if there are 
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 CSI processes are selected based on the following priority:

· CSI process index 1 in cell index 1 > CSI process 2 in cell index 1 > … > CSI process M1 in cell index 1 > CSI process index 1 in cell index 2 > … > CSI process M2 in cell index 2 > … > CSI process 1 in cell index A > … > CSI process MA in cell index A, where A is the number of configured serving cells for the UE.
Proposal 3: A UE supporting more than 5 serving cells supports A-CSI reporting mode 1-1 and a UE supporting no more than 5 serving cells does not support A-CSI reporting mode 1-1.
Proposal 4: For a UE supporting A-CSI reporting mode 1-1, the network can configure A-CSI reporting mode 1-1 for a serving cell even when the UE is configured with no more than 5 serving cells.

Proposal 5: Define the code rate associated with each PUCCH format 4 resource for multi-cell P-CSI transmission. The maximum payload size for multi-cell P-CSI is derived based on the code rate and the PRB size of the associated PUCCH format 4 resource.   

Proposal 6: For multi-cell P-CSI reporting using PUCCH format 4, for any pair of CSI reports, the following rule applies when determining the priority:
· if the two CSI reports are of different report types (3/5/6 vs. 1/1a/2/2a/2b/2c/4), the CSI of report type 3/5/6 has higher priority;

· if the two CSI reports are of same report type and of different CSI subframe sets indices, the CSI of lower CSI subframe set index has higher priority;

· if the two CSI reports are of same report type, of same CSI subframe set index, and of different CSI process IDs, the CSI with lower CSI process ID has higher priority;

· if the two CSI reports are of same report type, of same CSI subframe set index, of same CSI process ID, and of different serving cell indices, the CSI of lower serving cell index has higher priority. 
And multiple P-CSI reports are selected for transmission according to the priority of each CSI report until the maximum payload size is reached.
Proposal 7: A UE is not expected to be configured with two PUCCH format 4 resources with the same maximum payload size for multi-cell P-CSI transmission.

Proposal 8: When two PUCCH format 4 resources are configured for multi-cell P-CSI transmission with maximum multi-cell P-CSI payload size of X1 and X2, with X1 < X2
· If the maximum payload size of all P-CSI in the reporting instance is no more than X1, then the PUCCH format 4 resource corresponding to X1 is selected for multi-cell P-CSI transmission;

· Otherwise, the PUCCH format 4 resource corresponding to X2 is selected for multi-cell P-CSI transmission.

Proposal 9: Multi-cell P-CSI transmission using PUCCH format 3 and PUCCH format 5 is not supported.

Proposal 10: If simultaneousAckNackAndCQI-Format4-r13 is set to TRUE,

· Each of the 4 PUCCH format 4 resource configured by higher layers shall also be configured with a coding rate, with which the maximum payload size for the PUCCH format 4 resource is derived;

· In a subframe where a PUCCH format 4 (indicated by ARI) is used for HARQ-ACK transmission and there is at least one P-CSI report in the subframe,

· if the total number of the HARQ-ACK bits and the at least one P-CSI bits is no more than the maximum payload size of the indicated PUCCH format 4 resource, transmit the HARQ-ACK and the at least one P-CSI on the indicated PUCCH format 4 resource;

· otherwise

· perform spatial bundling of the HARQ-ACK bits;
· select P-CSI according to the priority rule in proposal 6 until the total number of spatial bundled HARQ-ACK bits and the selected P-CSI bits reaches the maximum payload size of the indicated PUCCH format 4 resource;

· transmit the spatial bundled HARQ-ACK bits and the selected P-CSI on the indicated PUCCH format 4 resource.

Proposal 11: Simultaneous transmission of HARQ-ACK/SR and periodic CSI using PUCCH format 5 is not supported.
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