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1 Introduction

In RAN1#67, the following were concluded regarding the UL control signaling enhancement of CA.
· Consider further until RAN1#68 the impact of CSI dropping and decide at RAN1#68 if enhancements will be specified for either or both of the above 2 cases in Rel-11

· Take into account in the consideration:

· Possibility of using aperiodic CSI

· Impact on PDCCH loading and link adaptation / power control

· Wideband and sub-band CSI reporting

· Uplink overhead

In this contribution, we show the simulation results that illustrate the impact on DL throughput performance by the periodicity of periodic CSI and the collision between periodic CSI and ACK/NACK.
2 Simulation Evaluation
2.1 Simulation assumptions
In this section, system level throughput performance as function of  periodicity of periodic CSI with mode 1-1 are evaluated. In addition, the impact on throughput by the collision between periodic CSI and ACK/NACK is evaluated as well. In this simulation, a single component carrier and the full buffer model are used. In addition, aperiodic CSI feedback with mode 3-1 with 10 ms intervals is utilized, and the maximum number of UEs that can transmit aperiodic CSI in a subframe is set to 10. Regarding the collision of ACK/NACK and periodic CSI, simultaneous transmission of ACK/NACK and  periodic CSI is disabled, i.e. drop periodic CSI. Other assumptions are summarized in the Appendix. These assumptions are aligned with the results of offline discussions at the RAN1#67 meeting [1].
2.2 Simulation result
    Firstly, the impact on DL throughput by the periodicity of periodic CSI with or without aperiodic CSI is evaluated, and the results are shown in Table 1. In this simulation, the periodicity of periodic CSI is set to 5, 10, 20 and 40 ms, and the simultaneous transmission of periodic CSI and ACK/NACK is disabled. The table shows the results of the cell throughput and the edge (5%) user throughput. As shown in these results, both cell throughput and edge user throughput degraded when the periodicity of periodic CSI exceeded 20 ms when aperiodic CSI is not used. In contrast, marginal degradation is confirmed for both cell throughput and edge user throughput when aperiodic CSI is used, even if the periodicity of periodic CSI is set to 40 ms.
Observation 1: Marginal degradation is confirmed for both cell throughput and edge user throughput when aperiodic CSI is used, even if the periodicity of periodic CSI is set to 40 ms.
For the next step, the impact on DL throughput by the collision of periodic CSI and ACK/NACK is evaluated, and the result is shown in Table 2. In this simulation, aperiodic CSI is applied, and both situations of disabling and enabling for simultaneous transmission of periodic CSI and ACK/NACK are evaluated. . As shown in this result, it was demonstrated that both cell throughput and edge user throughput are almost the same regardless of enabling the simultaneous transmission.
Observation 2: With aperiodic CSI, both cell throughput and edge user throughput are almost the same regardless of enabling the simultaneous transmission.
However, both observations are obtained under the condition that the aperiodic CSI timer and the maximum number of UEs that could transmit aperiodic CSI in a subframe was set to 10 ms and 10, respectively. Let us assume that all 10 UE sets used 4 PRBs for transmitting aperiodic CSI, the uplink overhead is calculated as follows:
(4PRB*10UE) / (50PRB*10)*100 = 8%.
This is only for a single component carrier, and this value increases as the number of component carriers increases. Therefore, aperiodic CSI enhancement for reducing the uplink overhead, such as applying effective transmission method such as higher order modulation, e.g. 16QAM, is effective for DL throughput performance.
Proposal: Aperiodic CSI enhancement for reducing the uplink overhead is effective for DL throughput performance.

Table 1: DL throughput performance with respect to the reporting interval 

(a) Without aperiodic CSI
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Cell throughput [Mbps] 10.73 10.64 10.2 9.69

Edge user  throughput [Mbps] 0.272 0.274 0.255 0.246


(b) With aperiodic CSI
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Table 2: DL throughput performance between disabling and enabling simultaneous transmission
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3 Conclusion

In this contribution, the impact on DL throughput performance by  the periodicity of periodic CSI and the collision of periodic CSI and ACK/NACK was evaluated. Taking the simulation results into consideration, our observations and proposals can be summarized as following: 
Observation 1: Marginal degradation is confirmed for both cell throughput and edge user throughput when aperiodic CSI is used, even if the periodicity of periodic CSI is set to 40 ms.

Observation 2: With aperiodic CSI, both cell throughput and edge user throughput are almost the same regardless of enabling simultaneous transmission.

Proposal: Aperiodic CSI enhancement for reducing the uplink overhead is effective for DL throughput performance.
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Appendix
	Parameter
	value

	Number of component carrier
	1

	System bandwidth
	10MHz

	Carrier frequency
	2GHz

	Antenna configuration
	2x2

	Channel model
	SCM(Urban Macro), ISD=500m

	Cellular layout
	Hexagonal grid, 7 cell sites, 3 cells per cell site

	Transmitter antenna pattern at the base station
	3-sector antenna pattern, 70-degree sectored beam

	Antenna spacing
	4 lambdaat BS, 0.5 lambda at UE
(lambda is the wave length of the carrier frequency.)

	Downlink traffic model
	Full buffer

	Signal detection
	MMSE

	Transmission mode
	TM4

	UE speed
	3km/h

	Periodic CSI feedback mode
	Mode 1-1

	Aperiodic CSI feedback mode
	Mode 3-1


