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1 Introduction

Outcomes from RAN1#80 on the enhancements for Carrier Aggregation (CA) include the following agreements and observations.
Agreements:
· RAN1 supports following two mechanisms for UCI feedback to support Rel.13 CA configurations.

· Enhancements to support UCI feedback on PUCCH on Pcell for up to 32 DL carriers and enhancements to support UCI feedback on PUSCH on one cell for up to 32 DL carriers

· Applicable to both cases when UL CA is configured or UL CA is not configured for UL CA capable UEs

· Applicable to non-UL CA capable UEs
· FFS: Multiple PUCCHs on Pcell

· Two PUCCH cell groups are configured for up to 32 DL carriers
· Applicable only when UL CA is configured
· FFS: how many PUCCH cell groups are supported
· FFS: more than two PUCCH cell groups case
Observations:

· For possible enhancements to UL control signaling to PUCCH formats and UCI on PUSCH,

· At least the following enhancements to PUCCH and PUSCH feedback formats could be considered in order to support the increase in UL control information based for the 36.300 CA deployment scenarios:
· The studies should take the effect on DL throughput and UL operation points into account

· One or more new PUCCH format for increasing PUCCH payload capacity including considerations on UL overhead

· Details FFS including but not limited to

· Supported payload size(s)

· Channel coding

· Detailed structure of the new format

· PUCCH format selection including fallback operation

· Enhancements on UCI transmission on PUSCH      

· Details FFS including but not limited to       

· Supported payload size[s]

· Channel coding and resource element mapping

· Extension of the PUCCH-on-SCell mechanisms for Rel. 12 CA configurations to Rel.13 CA configurations for UL CA capable UEs.

· Enhancements to PUCCH resource allocation/selection

This contribution considers necessary enhancements for supporting P-CSI transmission in a PUCCH or A-CSI transmission in a PUSCH from a UE configured with up to 32 DL cells. 

2 CSI Transmission
From the agreement in RAN1#80, enhancements to UCI feedback are to be supported on one cell for up to 32 DL carriers. For UCI feedback on PUSCH, there can obviously be only a single transmission. For the case of PUCCH, it is FFS whether multiple PUCCHs are also supported. Using multiple PUCCHs is disadvantageous because it can result to UCI scaling/dropping and complicates UE implementation and testing as OOB emissions will need to be considered (note that for large HARQ-ACK and/or CSI payloads, a PUCCH transmission power is not “low”). In the following, UCI transmission in a single PUSCH or in a single PUCCH is considered and focus is on CSI.  
Increasing the number of DL cells that a UE can be configured for CA operation from 5 to 32 does not impact the per-cell P-CSI transmission in the PUCCH. However, it introduces significant latency especially in TDD systems. For example, for UL/DL configuration 2 or 4 and for a UE configured with 32 DL cells, the minimum period for reporting P-CSI for a given cell, while avoiding collisions and dropped P-CSI transmissions, is 160 msec. Such reporting periods result to DL throughput losses as, even for UEs associated with pedestrian speeds, a P-CSI reporting period of 20 msec or less is required to avoid DL throughput loss [2].   

The WID in [1] also allows for PUCCH transmission in a PUCCH of a SCell. With perfect balancing of the P-CSI reports for 32 cells between the PCell and the SCell, a UE can report P-CSI for 16 DL cells in each of the PCell and the SCell. However, such a balancing can be unrealistic in practice. In one typical scenario, the UE can be connected to a macro cell that maintains the RRC connection, provides mobility support, and serves as PCell and to a small cell, potentially at a different operating frequency, where a much larger bandwidth can be available for data offloading. Having half of the P-CSI reports for every UE be supported by PUCCH transmissions to the PCell will simply overload the PCell and actually act against the reasons for introducing PUCCH support on a SCell for a UE configured with CA. Additionally, it is not clear whether a UE configured with up to 32 cells needs to have as a mandatory feature the support of PUCCH transmission on both the PCell and a SCell although this is more reasonable to assume for the network capability. Therefore, in accordance to the agreement from RAN1#80, enhancements to CSI reporting should consider that a UE shall report CSI for up to 32 DL cells on PUCCH or on a PUSCH of a single cell.

2.1 PUCCH
The main issue with P-CSI reporting is to reduce the minimum reporting periodicity (with no collisions) from 160 msec (TDD) to 20 msec or less. This implies an 8x increase in the P-CSI payloads that can be multiplexed in a single PUCCH for a total of 88 bits or more. Such payloads require use of a PUSCH-based transmission and of convolutional coding, as for the A-CSI, especially for a target BLER of 1%.   

For FDD, a UE can be potentially configured to transmit P-CSI in every subframe. However, this is disadvantageous at least due to UE power consumption and due to overhead (equivalent to about 6 RBs per UE per 32 subframes). Moreover, transmitting small payloads is also inefficient due to smaller coding gains while having a fixed RS overhead. Therefore, even for FDD, a PUCCH format having the PUSCH-based structure can be beneficial to reduce UE power consumption, reduce UL overhead for P-CSI reporting (also due to the use of convolutional coding instead of RM coding), and improve DL throughput by supporting shorter than ~30 msec reporting periodicities. 

Proposal 1: A PUSCH-based structure can be used for transmitting P-CSI for up to 32 DL cells.

To further improve spectral efficiency of P-CSI transmissions, it should be considered to allow the network to configure a UE with a modulation order higher than QPSK (e.g. 16QAM) for P-CSI transmissions. This cannot be a general solution but it can still benefit the system by best utilizing high UL SINRs that some UEs may experience.
Proposal 2: The modulation scheme for P-CSI reporting can be UE-specifically configured. 
2.2 PUSCH

A-CSI payloads for a single serving cell are up to 72 bits (including an 8-bit CRC) and A-CSI information bits are encoded using a convolutional code. As the number of serving cells that a UE can be configured for A-CSI reporting increases, respective information payloads can increase and significantly exceed 72 bits. For example, for A-CSI report for 8 serving cells where each report has 64 information bits, the total A-CSI payload is 8x64+8=520 information bits. For large payloads, e.g. above 150 bits, convolutional coding becomes suboptimal to turbo coding and the performance gap increases as the information payload increases. 
Figure 1 presents a comparison of the required PUSCH SINR using turbo coding vs. using TBCC as a function of the data TBS for the EPA 1 Hz channel (quasi-stationary UE), 1x2 Tx/Rx antenna configuration, QPSK modulation, and transmission in 1 PRB. It is observed that the cross-over point between turbo coding and TBCC is at around 140 bits of TBS+CRC payload. 
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Figure 1: Required SINR for TBCC and TC for PUSCH Transmissions in 1 RB

To avoid penalizing A-CSI reception reliability or to reduce A-CSI overhead and multiplexing capacity in the PUSCH, convolutional coding can be used for A-CSI information payloads smaller than or equal to [140] bits and turbo coding can be used otherwise.  
Proposal 3: For A-CSI reporting, TBCC is used for A-CSI+CRC payloads of up to [140] bits and turbo coding is used for higher A-CSI+CRC payloads. 

For a UE having a large number of active DL cells, A-CSI triggering needs to also improve in terms of granularity as there are currently only 2 states for the CSI request field in the UL DCI format scheduling the PUSCH that can map to configured cells for which the UE needs to report A-CSI. It is preferable to keep the ‘01’ state as in Rel-12 as it should remain possible to trigger A-CSI only for a single serving cell (e.g. the macro-cell). For example, for 32 active DL cells and assuming that the UE needs to be capable to report A-CSI for each active DL cell, the minimum number of active DL cells for which the UE needs to report A-CSI (when triggered) is 16 (e.g. 16 DL cells correspond to the first of the two states and the other 16 cells correspond to the second of the two states). This is clearly excessive and will require very large PUSCH overhead, often unnecessarily so. Therefore, the granularity of the CSI request field mapping to DL cells for which the UE reports A-CSI needs to increase. For example, a CSI request field state can be associated with A-CSI reporting for 4 DL cells or less (depending on the total number of DL cells the UE is configured for DL CA).

Proposal 4: The mapping granularity of the CSI request field to DL cells is increased. 

Given the likely large A-CSI overhead in the PUSCH as the number of reported DL cells increases, having an eNB resort to PUSCH scheduling for only A-CSI transmission becomes more relevant. However, even for A-CSI only PUSCH, additional improvement in spectral efficiency is likely needed. For example, in Rel-12 and for a “CSI-only” PUSCH, a UE can use only QPSK to modulate A-CSI information bits and at most 20 PRBs to transmit the PUSCH. For an UL BW of 20 MHz and for a UE configured with CSI feedback mode 3-1 and with a DL TM for PDSCH supporting 2 data TBs, an A-CSI report per serving cell requires 4 bits to provide a wideband CQI, 4 bits to provide a wideband PMI, and 2 bits to represent sub-band CQI for each of the 13 sub-bands at 20 MHz and for each of the 2 TBs for a total of 64 CSI information bits per serving cell. For 16 serving cells and for a CRC of 8 bits, a total payload is 1032 bits. If the UE also multiplexes HARQ-ACK and RI for 5 DL cells in the PUSCH as in Rel-12 and that the UE punctures the last SF symbol due to SRS transmission, a total of 3 subframe symbols is available for the A-CSI transmission resulting to a code rate of 0.717 which is too high to ensure 1% BLER for nearly all UL SINRs.  
Use of 16QAM for A-CSI-only transmission in a PUSCH was considered in previous releases but was not adopted. However, the requirements for A-CSI reporting when a UE has a large number of activated cells considerably increase the benefits of using higher order modulations for UEs that are capable of supporting them while meeting BLER targets (e.g. UEs that can achieve moderate/high SINRs – this is particularly likely for the improved geometries in small cells). 
Proposal 5: 16QAM modulation is supported when only A-CSI is transmitted in a PUSCH.
3 Conclusions

This contribution considered necessary enhancements for supporting CSI transmission in a PUCCH or in a PUSCH from a UE configured with up to 32 DL cells. In particular, the following are proposed.

Proposal 1: A PUSCH-based structure can be used for transmitting P-CSI for up to 32 DL cells.

Proposal 2: The modulation scheme for P-CSI reporting can be UE-specifically configured. 
Proposal 3: For A-CSI reporting, TBCC is used for A-CSI+CRC payloads of up to [140] bits and turbo coding is used for higher A-CSI+CRC payloads. 

Proposal 4: The mapping granularity of the CSI request field to DL cells is increased. 

Proposal 5: 16QAM modulation is supported when only A-CSI is transmitted in a PUSCH.
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