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1 Introduction

Due to the potentially large number of aggregated cells in CA, the amount of HARQ-ACK and CSI feedback can linearly increase with the number of cells and become about an order of magnitude larger than in Rel-12 CA. The following were agreed in past meetings.
Agreements:
· The maximum HARQ-ACK codebook size in the uplink by one UE in one subframe for DL CA of up to 32 CCs is at least 128 bits
· In case of FDD PUCCH cell, the maximum HARQ-ACK codebook size is 64 bits
Agreements:
· For a UE that transmits more than 22 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH, 

· X-bit CRC is included in the HARQ-ACK transmission, X >= 8 

· Baseline X for evaluation purpose only: X=8

· Rel-8 TBCC and rate matching is used 

· FFS for a UE that transmits less than 23 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH
Agreements:
· For a PUCCH CG, At least the following enhancements to Periodic CSI reporting on PUCCH are specified in order to reduce periodic CSI report dropping probability

· Multiplexing of periodic CSI reports corresponding to multiple serving cells in a subframe 

· Multiplexing of periodic CSI reports corresponding to multiple serving cells with HARQ-ACK feedback in a subframe 

Agreements:
· New PUCCH format(s) for HARQ-ACK feedback should be introduced in Rel-13 CA
· Specify at least one new PUCCH format:
· PUSCH-like PUCCH structure (without CDM for data/control symbols)
· Working assumption: One DMRS per slot
· FFS: Two DMRS per slot (normal CP)
· Frequency hopping between slots
· FFS: Whether /when FH is applicable
· With at least one PRB per slot
· FFS: Coded bits-to-RE mapping 
In a companion contribution [1], signaling to configure P-CSI for multiple cells/CSI processes is discussed, and it is preferred to reuse legacy priority rule as much as possible when P-CSI needs to be dropped. This contribution further discusses alternatives to select which set of P-CSI is reported when some P-CSI needs to be dropped and the allocation/determination of a PUCCH channel for P-CSI transmission. 
2 Configuration of P-CSI for multiple cells/CSI processes
As agreed in RAN1#81, P-CSI for multiple serving cells/CSI processes can be multiplexed in a subframe to avoid excessive P-CSI dropping. Two configuration alternatives can be considered for multi-cell P-CSI reports from a UE - a detailed discussion can be found in [1]. The signalling for the P-CSI configuration can include one or more PUCCHs for P-CSI transmission in a subframe. 
For per-cell P-CSI configuration, a PUCCH resource for P-CSI reporting is configured to a UE for a respective cell (for all CSI processes that belong to the cell) in Rel-12. It is up to eNB implementation to configure same or different PUCCH resources for different serving cells. The eNB can additionally configure to a UE one or more PUCCHs supporting multi-cell P-CSI reports. Since multiple PUCCH formats could carry P-CSI in Rel-13 CA, the different PUCCH resources configured can further have different PUCCH formats. For example, the eNB can configure to a UE a PUCCH format 2 resource and one or more resources of the new PUCCH format(s) in a subframe to support multi-cell P-CSI reports. A reason is that a P-CSI report for a particular cell can have a different periodicity than P-CSI reports for the remaining cells. Therefore, the UE can transmit the P-CSI report only for a cell (using PUCCH format 2) in some subframes and transmit the P-CSI report for the group of cells in other subframes (using the new PUCCH format). The PUCCHs other than the PUCCH actually occupied for P-CSI transmission can be reused for other purposes.
For per-group P-CSI configuration, the eNB can configure different PUCCH resources for different groups. Then, multiple PUCCH resources can exist for a UE in a subframe when multiple groups collide in the subframe. The eNB may configure one PUCCH resource for each P-CSI group, and additionally configure one or more PUCCH resources per UE. The eNB can configure different PUCCH formats for different PUCCH resources to optimize resource efficiency depending on payload size. 

Proposal 1: An eNB can configure to a UE different PUCCH resources for different serving cells and the UE can have multiple PUCCH resources available in a subframe. 

3 The set of P-CSI reported
Based on the above discussion, an eNB can configure a set of P-CSI reports to a UE in a subframe. For a large number of configured serving cells/CSI processes, the total P-CSI payload can be larger than what the UE can report. For example, when P-CSI reports from multiple cells coincide in the same subframe, the payload can be beyond the capacity of a configured PUCCH resource. On the other hand, the payload may be beyond the capability of a UE considering potential UE power limitations especially if P-CSI is also multiplexed with HARQ-ACK. Therefore, a UE may only report a subset of P-CSI in a subframe. 
In Rel-12 CA, due to the capacity limit of PUCCH format 2, P-CSI for only one serving cell is reported in a subframe. If  P-CSIs for different cells or different CSI processes collide in a subframe, a set of priority rules was specified for the UE to select the highest prioritized P-CSI for feedback while all other P-CSIs are dropped. Four kinds of parameters are used to derive the priority level for a P-CSI report, i.e. CQI reporting type > CSI process ID > cell ID > subframe set index. 

If P-CSI reports for multiple cells are configured in a subframe and the total number of P-CSI bits can be supported by the PUCCH capacity and the available UE power, the UE can report all configured P-CSIs. Otherwise, a priority rule needs to be used for the UE to select the P-CSIs with the highest priority (and drop the remaining P-CSIs). Rel-12 priority rules can be a starting point. 

Proposal 2: If the total number of P-CSI bits cannot be supported by the UE in a subframe, a priority rule is used for the UE to select the P-CSI reports to transmit. Rel-12 priority rules for P-CSI on PUCCH can be a starting point.

The PUCCH resource used can be the PUCCH resource with minimum capacity that can accommodate the subset of P-CSI reports. For example, a PUCCH resource for the new PUCCH format can be used so that the UE reports as many P-CSIs as possible with an available transmission power for P-CSI transmission. Otherwise, if only one P-CSI can be reported, the UE can fallback to PUCCH format 2 (if a respective resource is also configured in the subframe) to report a single P-CSI. 
Case 1: Limitation by the capacity of PUCCH channel

As discussed in section 2, multiple PUCCH resources can be configured for respective P-CSI transmissions for different cells in a subframe. The different PUCCH resources can be for different PUCCH formats, such as PUCCH format 2 and the new PUCCH format, and hence have different capacity. When P-CSI transmissions need to be dropped then, to minimize P-CSI loss, the PUCCH with highest capacity can be selected. If the selected PUCCH can support all P-CSI reports, the UE reports all P-CSIs. Otherwise, as discussed in [3], the P-CSIs having the highest priority can be reported up to the capacity of the PUCCH format. The capacity of the PUCCH format can be determined according to a maximum number of bits for a corresponding number of RBs for the PUCCH format or, in general, according to a maximum code rate. 
Case 2: UE power limitation

The capacity can also be viewed in terms of power where P-CSI reports are dropped according to priority in order to keep a resulting PUCCH format transmission power equal to or smaller than the power the UE has available for P-CSI transmission. Another way is to fall back to PUCCH format 2 (when a respective resource exists), to transmit only one P-CSI. 
HARQ-ACK and P-CSI Multiplexing
When HARQ-ACK and P-CSI collide in the same subframe, HARQ-ACK has higher priority than P-CSI. Then, one alternative for a power limited UE is to drop the P-CSI and transmit HARQ-ACK using the corresponding PUCCH resource. A non-power limited UE can avoid P-CSI loss by multiplexing both P-CSI and HARQ-ACK for all cells either using single-cluster PUCCH (if RBs for HARQ-ACK and P-CSI transmission are adjacent or if a resulting code rate is below a threshold) or using multi-cluster PUCCH (assuming a PUSCH-based new PUCCH format) if the UE is configured for multi-cluster transmission. The eNB can determine the UE behaviour based on two CRC checks (HARQ-only or both HARQ-ACK and P-CSI) – DTX detection or other eNB implementation means can also be used. Another alternative is for the UE to multiplex P-CSI reports for some DL cells, according to respective priorities, as long as a resulting transmission power is smaller than or equal to the maximum UE transmission power in the subframe – this requires multiple decoding operations and CRC checks as the eNB does not know the exact power limitation of the UE. As in Rel-12 CA, spatial bundling of HARQ-ACK can first be done before dropping P-CSI(s). 

Proposal 3: For a non power limited UE that is not configured with multi-cluster transmission, the set of P-CSIs reported in a subframe is limited by the configured PUCCH with maximum capability. If the total P-CSI payload is beyond the capacity of the configured PUCCH, the set of P-CSIs reported in a subframe corresponds to the P-CSIs with the highest priorities.
Proposal 4: For a power limited UE, the set of P-CSIs reported in a subframe corresponds to the P-CSIs with the highest priorities. The UE determines the number of reported P-CSIs so that the required transmission power does not exceed the power available for P-CSI transmission.  

Proposal 5: The PUCCH channel with minimum capacity that can accommodate the selected P-CSI to be reported in a subframe is used for P-CSI transmission. 
4 Conclusions
In this contribution, we discuss the channel coding when there are multiple UCI types in a subframe, and correspondingly discuss the method to derive the number of coded symbols for each UCI type in case separate coding is adopted. We make the following proposals. 

Proposal 1: An eNB can configure to a UE different PUCCH resources for different serving cells and the UE can have multiple PUCCH resources available in a subframe. 

Proposal 2: If the total number of P-CSI bits cannot be supported by the UE in a subframe, a priority rule is used for the UE to select the P-CSI reports to transmit. Rel-12 priority rules for P-CSI on PUCCH can be a starting point.

Proposal 3: For a non power limited UE that is not configured with multi-cluster transmission, the set of P-CSIs reported in a subframe is limited by the configured PUCCH with maximum capability. If the total P-CSI payload is beyond the capacity of the configured PUCCH, the set of P-CSIs reported in a subframe corresponds to the P-CSIs with the highest priorities
Proposal 4: For a power limited UE, the set of P-CSIs reported in a subframe corresponds to the P-CSIs with the highest priorities. The UE determines the number of reported P-CSIs so that the required transmission power does not exceed the power available for P-CSI transmission.  

Proposal 5: The PUCCH channel with minimum capacity that can accommodate the selected P-CSI to be reported in a subframe is used for P-CSI transmission. 
References
[1] R1-155452, “Multiplexing of periodic CSI reports for CA with up to 32 CCs ”. Samsung
PAGE  
3

