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1 Introduction

In RAN1#81 and RAN1#82, the following agreements were made on periodic CSI reporting for CA with up to 32 CCs [1], [2]: 
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:
· 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
This contribution discusses necessary aspects to support multiplexing of periodic CSIs (P-CSI) for multiple cells in a subframe for CA with up to 32 CCs. 
2 Discussion
In LTE Rel-12, a CSI configuration (e.g. periodicity and offset, etc.) for P-CSI reporting is configured to each UE per a cell by higher layer signaling and then the UE transmits the P-CSI report for each cell on a PUCCH at a subframe according to the CSI configuration if there is no collision with other P-CSIs. If P-CSI reports for two or more cells collide in a subframe, only one P-CSI is transmitted on the PUCCH according to Rel-12 priority rules and the remaining P-CSIs are dropped. When the same approach is used for CA with up to 32 cells, P-CSIs for cells with a low priority (e.g. depending on serving cell index) would have fewer opportunities to feedback the P-CSIs if periodicities of hundreds of millisecond, especially for TDD, are to be avoided. In order to mitigate such a problem, multiplexing of P-CSI reports for multiple cells in a subframe was agreed in RAN1#81. To realize multiplexing of P-CSI reports for multiple cells in a subframe, there are two possible approaches to configure a periodicity and offset for P-CSI reporting:
· Alt.1: Multi-cell configuration 
· Alt.2: Per-cell configuration
In the first alternative, multi-cell configuration sets a same periodicity and offset to a set of cells. Also, a PUCCH can be configured for the set of cells. Then the UE transmits respective P-CSIs in a single PUCCH. The UE can be configured with one or several sets of cells and each set of cells has a periodicity and offset configured to the UE by higher layer signaling. Figure 1 shows an example of P-CSI configuration for a set of cells for the first alternative. In Figure 1, cell 1, 5 and 13 constitute one set that has a same periodicity and offset for each individual P-CSI in the set. Multiplexed P-CSIs for cells 1, 5 and 13 are transmitted in a single PUCCH. Also, cells 3, 11, 12 and 14 constitute another set that has a same periodicity and offset for each individual P-CSI in the set. Multiplexed CSIs for cells 3, 11, 12, and 14 are transmitted in a single PUCCH. In Figure 1, the two sets of P-CSIs are mapped to different subframes, however, it is also possible that two or more sets of P-CSIs may collide in a subframe.
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Figure 1: An example of CSI configuration for a set of cells.
In the second alternative, per-cell configuration sets a periodicity and offset individually per a cell as in Rel-12. Further, a PUCCH resource and PUCCH format can be configured per cell [3]. The configured PUCCH could be PUCCH format 2/3 or a new PUCCH format. An eNB configures a UE P-CSI configuration per a cell to provide multi-cell P-CSIs in a specific subframe. Then, even if several P-CSIs collide in the subframe, the UE feedbacks those P-CSIs in a single PUCCH. As an example, in Figure 1, a single periodicity and offset can be configured for each of the cells 1, 5 and 13 while another periodicity and offset can be configured for each of the cells 3, 11, 12 and 14. Accordingly, an indication is necessary to enable multiplexing of the P-CSIs instead of transmitting of only one CSI and dropping of remaining CSIs as in legacy. Otherwise, a configuration of a new PUCCH format can indicate P-CSI multiplexing for multiple cells.
Observation 1: As a CSI configuration for P-CSI reporting in Rel-13, multi-cell configuration or per-cell configuration can be considered.
After a UE is configured a set of cells to report respective P-CSIs in a PUCCH, a next aspect is whether the cells of the set that the UE reports P-CSI for are the configured cells or the activated cells. This can be important for eCA targeting LAA operation where most cells in a set of cells can be deactivated at a given reporting instance. To avoid modifications in the TBCC or possibly the TC decoder design while achieving coding/BLER gains from not reporting P-CSI for deactivated cells, the UE should include P-CSI reports only for activated cells in a respective PUCCH. An error event can occur when the eNB incorrectly detects HARQ-ACK information for the PDSCH (or the PDCCH) conveying the activation/deactivation command or due to ambiguity of when the UE applied the activation/deactivation command but these are infrequent events and can be addressed by eNB implementation through a CRC test for decoding operations corresponding to a small number of hypotheses such as 2 hypotheses. It is noted that in Rel-12, a UE is not required to measure/report P-CSI for inactivated cells.   

Proposal 1: Encoding of P-CSI reports for a configured group of DL cells includes an 8-bit CRC and P-CSI reports are only for activated cells in the group.   

If some P-CSI determination latency can be tolerated in order to address UE computational complexity, a non-power limited UE can be configured to report P-CSIs for all cells (up to 32 cells) in a single PUCCH. Considering that a maximum Rel-12 A-CSI payload is 5x64=320 bits (it can actually be 5x116=580 bits for TM10, 8 Tx, rank 2, and sub-band CQI/PMI) and that the maximum eCA P-CSI payload is 32x11=352 bits (an 8-bit CRC is also assumed to be included for joint P-CSI coding as for joint A-CSI coding), it is evident that P-CSI reporting is likely to be less limited than A-CSI reporting by link budget considerations and a UE can be expected to be capable of supporting all P-CSI reports in a single subframe. Also, as a UE is typically expected to have less than 32 activated cells, P-CSI reporting for all activated cells in a single subframe can be easier to support than A-CSI reporting for a few cells. Total UL overhead can be smaller than for TDM of P-CSI reports for multiple cells due to coding gains and due to single CRC. The coding gains can further increase by adjusting the coding method according to the total P-CSI payload (e.g. by using RM for up to 11 bits or 22 bits, TBCC between 11 or 22 bits and [140] bits, and TC above [140] bits). Moreover, the shortage of UL subframes in TDD is circumvented and reporting latency can be reduced. 

Figure 2 shows the BLER for P-CSI payloads of 24x11=272 bits and for 32x11=360 bits (an 8-bit CRC is also included) for the EPA and ETU channels. From the geometry CDFs in [4], a large majority of UEs can support such P-CSI payloads without power boosting particularly for PUCCH transmission to a small cell. In general, viewing a UCI payload as a data TBS, power boosting for larger UCI payloads over a larger number of RBs is similar to the one for larger data TBS over a larger number of RBs as specified in Rel-12 UL power control. 
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Figure 2: P-CSI BLER for transmission of 2 large P-CSI payloads in a PUSCH.
Proposal 2: RM coding, TBCC, and TC can be used for encoding multiple P-CSI reports depending on their combined payload.
Due to UE power limitations or to avoid any P-CSI latency due to UE processing constraints in case a UE has a large number of activated cells, TDM of P-CSI reports may be considered. In this case, the main additional consideration is the prioritization of P-CSI reports in case of collisions. This is further addressed in [3]. Alternatively, a UE can simultaneously transmit P-CSI for at least two groups of cells using clustered PUSCH transmission when the UE is configured different RBs for P-CSI reports for different groups of cells – single-cluster PUSCH transmission can be used in the RBs are adjacent. Assuming that different PUCCH resources (RBs) are configured for TDM P-CSI reports, it is typically preferable even for a power limited UE to transmit all P-CSI reports in case they coincide in the same subframe as the coding gain and the use of all PUCCH resources can usually offset the power limitation particularly if single-cluster transmission is maintained. 

Observation 2: A UE can multiplex all P-CSI reports for all activated cells in a single subframe.

3 Conclusions 
This contribution discussed necessary aspects to support multiplexing of P-CSIs for multiple cells in a subframe for CA with up to 32 CCs and has the following observations and proposals depending on discussion in the contribution:
Observation 1: As a CSI configuration for Rel-13, multi-cell configuration or per-cell configuration can be considered.
Observation 2: A UE can multiplex all P-CSI reports for all activated cells in a single subframe.
Proposal 1: Encoding of P-CSI reports for a configured group of DL cells includes an 8-bit CRC and P-CSI reports are only for activated cells in the group. 
Proposal 2: RM coding, TBCC, and TC can be used for encoding multiple P-CSI reports depending on their combined payload. 
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