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1 Introduction

Due to the transmission of UCI in a single UE-specific UL Primary CC (UL PCC), substantially larger CSI payloads need to be supported in Rel-10 than in Rel-8 and potential support of DL CoMP in future releases will further increase the demand for transmission of higher CSI payloads. 

Two approaches have been identified to support higher CSI payloads than in Rel-8 [1]:  
· Expanding the supported PUCCH payload sizes

· Using periodic/a-periodic reports on PUSCH

This contribution further examines the applicability and attributes of the previous two approaches. Note that a periodic PUSCH approach can be simply viewed as a different PUCCH format to support moderate/large CSI payloads and the respective resources can be incorporated into the overall PUCCH resources. This can enable the same management of dynamic HARQ-ACK resources as in Rel-8 while avoiding scheduler restrictions for regular PUSCH transmissions that would occur otherwise. 
2 CSI Feedback Support in Rel-10
2.1 Expanding PUCCH Payload Sizes

As PUCCH format 2 can support a maximum of ~10 information bits with a reasonably small code rate of about 1/2 (normal CP, QPSK), it is inadequate for moderate/large CSI feedback payloads. Potential remedies include:
a) Using multiple sequences (multiple channels)
b) Using multiple sub-frames (cycling)
c) Using higher order modulation

d) Combinations of the above

Multi-Sequence Transmission

The supportable CSI payload scales linearly with the number of sequences (channels) used for its signaling. However, as the CAZAC-based PUCCH design targets reliable reception of small payloads at low SINRs, it is inefficient for transmission of high payloads. Multi-sequence transmission maintains these inefficiencies with the additional penalty of increased overhead and CM. Additionally, if these sequences are not located in the same PRB (or at least in adjacent PRBs), failing the emissions requirements is possible (also depending on other parameters and/or other simultaneous UL transmissions from the same UE antenna PA).

For example, 1 RB will be required to transmit about 60 CSI information bits from one UE using 6 sequences (6 cyclic shifts of a CAZAC sequence). Such spectral efficiency is good for low SINRs but, as also shown in [2], the PUSCH is much more spectrally efficient for the transmission of at least moderate payloads at SINRs above about 0 dB. 
Similar to using multiple sequences is the use of multiple UE transmitter antennas with orthogonally multiplexed transmission of different payloads. This has been suggested in several contributions as part of the CSI TxD discussion. However, this approach has similar limitations in the supportable payloads and overhead increase as the one based on multiple sequences. Furthermore, the design cannot assume that a UE always has multiple transmitter antennas or that antenna imbalance does not exist.  
Multi-Subframe Transmission
Using multiple sub-frames was also considered in Rel-8 but was deemed problematic due to the desired objectives of: 

a) Self decodable transmissions per sub-frame.

b) Avoidance of scheduler restrictions (resulting from the need to have a full report before scheduling).

c) Minimizing UE power consumption and overhead (maximizing DTX/DRX time). 
The same objectives hold for the CSI feedback in Rel-10. In fact, for Rel-10, these objectives are reinforced by the need to have the feedback for multiple DL CCs available at the same time to simplify the scheduling process. Moreover, the same inefficiencies for the transmission of at least moderate payloads as with the use of multiple sequences apply. Therefore, extending the transmission of the CSI feedback over multiple sub-frames is not an advantageous solution. 
Higher Order Modulation
Using higher order modulation can be feasible for UEs with high SINRs. However, considering the BLER difference in the order of 6 dB between QPSK and QAM16, modulation orders higher than QAM16 can be considered inapplicable. Also, QAM16 can only double the supportable payload relative to QPSK. Moreover, for DL CoMP UEs (potentially in later releases), the UL SINR is unlikely to be high enough (e.g. above 5 dB) to support QAM16 with CSI BLER below 10% even if UL CoMP is applied to the CSI transmission (UL CoMP gains are unlikely to exceed a few dBs). 
Therefore, relying on the Rel-8 PUCCH format 2 design to support CSI payloads substantially higher than 10 information bits does not appear to be a generally viable direction. One constraint of PUCCH transmissions is that there is no dimensioning of the corresponding resources with respect to the CSI payload or the UE SINR. Also, having 2 RS per slot is not beneficial for low UE speeds or relatively high BLERs (in the order of 10%), especially as slot-based frequency hopping is not be necessary, particularly with the use of transmitter antenna diversity [3]. 
To maintain reasonable UL overhead in Rel-10, given that the CSI overhead will increase relative to Rel-8, it is important to design the CSI transmission structure so that the Node B implementation can select the respective resources as a function of the payload and of the UE SINR. This is further motivated by the fact that the UL PCC, although UE-specific, may need to carry the PUCCH transmissions from all UEs (e.g. in case of non-contiguous BWs, the CC with the better link should be prioritized for control signaling).
2.2 Periodic PUSCH for CSI Feedback

The PUSCH is a natural choice to support variable payloads but the tradeoff is the increased overhead as multiplexing of UEs in the same RB(s) cannot be generally assumed with the current structures (it cannot be assumed that any UE can always be reliably paired with one or more other UEs using SDMA, particularly considering maximum BLER values around 10% and absence of HARQ). Also, frequency domain scheduling cannot be used for CSI feedback as the respective PDCCH overhead is prohibitive. 
Figure 1 shows the CSI BLER using PUCCH format 2 or PUSCH for various payloads. The PUCCH offers more reliable reception of smaller payloads at low SINRs (however, the PUCCH BLER curves should be shifted to the right once UE multiplexing in the same RB is considered). CSI transmission in the PUSCH can support substantially larger payloads and inclusion of CRC can allow operation with higher CSI BLER target values than 10% or less. 
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Figure 1: BLER in PUCCH and PUSCH.
Although the PUCCH format 2 design has been optimized for low SINRs (e.g. 2 RS per slot), the punctured (32, 10) RM codes do not exploit frequency diversity (which is also evidenced by the slope of the respective BLER curves). However, the PUSCH can support substantially larger payloads at the expense of significantly increased overhead. The exact overhead will depend on the particular assumptions but for an indicative example of 5-10 UEs reporting CSI per sub-frame (e.g. CSI reporting period of 5 msec) in 10 MHz UL BW using 1 RB PUSCH transmission, the respective overhead will be 10-20%. Clearly, such overhead is too high considering the additional overhead of DM RS (~14%), of SRS from multiple UE transmitter antennas (e.g. ~5%), of HARQ-ACK signaling due to SPS and dynamic scheduling (e.g. ~5%-10%), of PUCCH periodic CQI (e.g. ~5%), and of SR and PRACH (e.g. ~5%-10%) for a total overhead of around ~50%. Clearly, support of CSI feedback in the PUSCH would represent a significant part of the total UL overhead. 

To reduce the periodic CSI feedback overhead using the PUSCH sub-frame structure, the respective multiplexing capacity should increase and provide a smooth transition between the two extremes of PUCCH (minimum payload (~10 bits), maximum multiplexing capacity per RB (~6 UEs)) and single-UE PUSCH (maximum payload (~60+ bits), minimum multiplexing capacity per RB (1 UE)). For example, the CSI multiplexing capacity per PUSCH sub-frame may vary between 1 to 4 UEs as the payload respectively varies between respective maximum and minimum values. 

TDM, FDM, or CDM may apply, and modulation order higher than QPSK (e.g. QAM16) may be considered for high SINR UEs. A single solution that can be applicable to any DL/UL CC allocation (symmetric, asymmetric), any UE Tx antenna configuration (single or multiple Tx antennas), and to any environment (contiguous CCs, non-contiguous CCs, high/low carrier frequencies, high/low UE speeds) is obviously desirable. 
3 Conclusions
This contribution considered the periodic transmission of CSI payloads larger than the ones supportable by the PUCCH format 2 in Rel-8 without incurring the PDCCH overhead associated with triggered CSI transmissions in the PUSCH. As the PUSCH is fundamentally more appropriate for supporting large payloads and is more flexible than the PUCCH to support the trade-off between payload and UE multiplexing capacity, its periodic transmission should be considered for accommodating large CSI payloads. In this sense, the periodic PUSCH is just a PUCCH format for supporting large payloads. 
Proposal: Consider the definition of a new PUCCH format to support larger than in Rel-8 CSI payloads. 

Proposal: Avoid introducing new sub-frame structures – prioritize utilization of Rel-8 sub-frame structures.
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