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1 Introduction

The discussions in RAN1#63 on the periodic CSI reporting in support of DL CA led to two “Way Forward” documents [1, 2] suggesting two different design alternatives:

a) Transmission from a UE of multiple periodic CSI reports corresponding to multiple DL cells is supported in the same sub-frame [1].
· When no SPS or dynamically scheduled PUSCH transmission exists, the transmission of multiple periodic CSI reports uses the PUSCH structure and a respective resource is configured by higher layers.
b) Transmission from a UE of multiple periodic CSI reports corresponding to multiple DL cells is not supported in the same sub-frame [2].
· When no SPS or dynamically scheduled PUSCH transmission exists and no HARQ-ACK transmission exists, the transmission of a single periodic CSI report is as in Rel.8 using PUCCH Format 2.
· In case periodic CSI reports for multiple cells are to be transmitted in the same sub-frame, only one such periodic CSI report is transmitted according to some priority rule and the remaining periodic CSI reports are dropped. 
This contribution provides a brief overview and comparison of the attributes for the two above design alternatives. More detailed discussion can be found in [3]. 
2 Single-Cell vs. Multiple-Cell Periodic CSI Reporting
The design alternatives of reporting only single-cell CSI through different PUCCH resources (in the time domain) versus reporting multi-cell CSI through a periodic PUSCH resource (when SPS or dynamically scheduled PUSCH does not exist) in support of DL CA are compared in Table 1 in terms of general operational properties, overhead, and performance. As for every other design for CA in Rel.10, support for up to 5 cells is assumed.  
Table 1: Attributes of Single-Cell and Multi-Cell Periodic CSI Reporting
	
	Single-Cell Periodic CSI Report
	Multi-Cell Periodic CSI Reports 

	CSI Report Periodicity to minimize collisions (5 cells)
	 FDD: At least 10 msec

TDD: No practical values are generally possible for most configurations (e.g. 1-5)
	Not an issue – All periodicities are supported

	Collisions of CSI reports
	All CSI reports except one are lost (rules FFS).
	Not an issue

	eNB Operational Aspects
	FDD: Scheduler complexity to avoid CQI and RI collisions - throughput loss in case of collisions and due to reports that must be obtained at different times

TDD: Single-cell CSI report generally not possible
	Simple scheduler operation, fully predictable operation for both FDD and TDD

	UE Operational Aspects
	Reduced DTX time – increased power consumption
	Maximum DTX time

	Multiplexing with HARQ-ACK, SR, or SRS
	Collision with HARQ-ACK: Drop periodic CSI

Collision with SR: Re-use PUCCH Format 2a

Collision with SRS: Shortened PUCCH Format 2 or drop SRS
	As with SPS or dynamically scheduled PUSCH – multiplexing support already exists

	Performance
	Reed-Muller (RM) Coding
	RM or TBCC Coding - ~4 dB gain for large payloads and TBCC [3]

	Overhead
	2 cells: 1/3 PRB for 6x interference or 2/3 PRB for 3x interference

5 cells: 5/6 PRB for 6x interference or 10/6 PRB for 3x interference
	1 PRB for 1x interference


Additional Notes:

a) The same periodicity can be assumed in practice at least for the CSI reports for the Scells. If the eNB scheduler prefers to have the CSI report for the Pcell with a different (shorter) periodicity, the Rel.8 procedure can be followed and PUCCH Format 2 can be used when the CSI report for the Pcell is not transmitted in the same sub-frame as the CSI reports for the Scells; otherwise, the available PUSCH resource is used.
b) In case of single-cell periodic CSI reporting, the eNB can schedule aperiodic CSI to resolve collisions. However, this requires that PDCCH resources are consumed when otherwise not needed for the detriment of PDCCH capacity, PUSCH resources are consumed for the detriment of UL throughput, and reserved PUCCH resources are not utilized. A proper design for periodic CSI reporting should not be relying on scheduling aperiodic CSI reporting. 
c) With DL CA and FDD, the HARQ-ACK payload is determined from the number of configured cells, the configured transmission mode per cell. For TDD, the bundling window size or the DL DAI values may be additionally considered. Therefore, with the possible exception of a small number of cells for FDD and small CSI payloads, the HARQ-ACK payload can be large and it would be difficult to multiplex HARQ-ACK and CSI. Even if such multiplexing can be supported is some cases, it will require new mechanisms and will lead to performance losses.
d) Support for multi-cell aperiodic CSI reports in the PUSCH has been agreed to be supported. From an implementation perspective, it makes no difference if the CSI reports are labeled “periodic” or “aperiodic or if the PUSCH resource is dynamically or semi-statically configured. It is also noted that CSI-only PUSCH transmissions are already supported for aperiodic CSI.
3 Conclusions
This contribution outlined the attributes of single-cell periodic CSI reporting using separate (in time) PUCCH resources and of multiple-cell periodic CSI reporting using a semi-statically configured PUSCH resource (when SPS or dynamically scheduled PUSCH does not exist). Multiple-cell periodic CSI reporting is preferable as 
a) Single-cell periodic CSI reporting is associated with a series of disadvantages and cannot be used in general for TDD systems.
b) Multiple-cell periodic CSI reporting avoids any shortcomings, requires trivial specification impact, and does not introduce additional implementation/specification complexity for any required functionality.  
Proposal: For a UE with DL CA, multi-cell periodic CSI/PMI/RI reporting is supported by semi-statically configuring a PUSCH resource. 
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