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1 Introduction
LTE-A Rel-10 only supports periodic CSI reporting of one DL CC in one subframe. In case periodic CSIs for multiple DL CCs collide in the same subframe, the periodic CSI for the DL CC with the highest priority is reported, and the others are dropped. For multiple DL CCs with the same reporting priority, the DL CC for which periodic CSI is reported is selected based on the serving cell indices [1] [2]. In addition, it is not supported to transmit periodic CSI and multi-CC ACK/NACK simultaneously in one subframe on PUCCH in Rel-10. In case periodic CSI colliding with multi-CC ACK/NACK on PUCCH, periodic CSI is dropped [1] [2].
Periodic CSI are mainly used for PDSCH scheduling, among many other purposes. Hence, it is not desirable to drop periodic CSI frequently. In order to avoid dropping of periodic CSI reporting in Rel-10, the TDM based approach is required for periodic CSI reporting. In other words, different subframe offsets shall be configured for different DL CCs to ensure periodic CSIs for different DL CCs are reported in different subframes. The TDM based approach however leads to higher periodic CSI latency and/or larger PUCCH overhead. In this contribution, we analyze the necessity to support multi-CC periodic CSI reporting in one subframe in Rel-11. 

2 Discussion 
Figure 1 shows an example of Rel-8 periodic CSI reporting on PUCCH, where the periodicity is 10 ms [3]. In case of multiple DL CCs are aggregated, the TDM approach either leads to a larger periodic CSI reporting latency for each DL CC assuming the same PUCCH overhead for periodic CSI on PCell as shown in Figure 2, or leads to larger PUCCH overhead as shown in Figure 3. 
Figure 2 uses the same set of subframes for periodic CSI reporting as Figure 1 with only one CSI subframe in every radio frame. Hence, for a UE activated on multiple DL carriers, the CSI reporting periodicity of each individual carrier is larger than that in Figure 1. Consequently, the CSI reporting is more likely to be out-dated and less accurate. In case of aggregating N DL CCs, the periodic CSI reporting for each DL CC is N times larger than that in Rel-8, which is expected to significantly degrade the DL throughput.

Figure 3 maintains the same periodicity per DL carrier as that in Figure 1. Hence, from each DL CC perspective, the periodic CSI reporting is equivalent to Rel-8. On the other hand, the number of subframes used for periodic CSI reporting is N times more than that of Rel-8, where N is the number of DL CCs. It is further noted that there are also other UCIs including ACK/NACK and SR transmission in one radio frame. When more DL CCs are aggregated, ACK/NACK feedback for multiple DL CCs is likely to be frequent. Thus, less subframes can be used for periodic CSI reporting due to ACK/NACK feedback, which then increases the periodic CSI reporting time interval. Considering that TDD has less subframes for uplink transmission per radio frame than FDD, the problem of periodic CSI dropping with the corresponding Rel-10 CA design is more serious for TDD than FDD.
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Figure 1: Configuration of Rel-8 periodic CSI reporting
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Figure 2: Configuration of Rel-10 periodic CSI reporting
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Figure 3: Configuration of Rel-10 periodic CSI reporting
In order to study the impact of larger periodic CSI reporting cycles on DL throughput, evaluations for a homogenous network with MU-MIMO are performed according to the simulation assumptions in Table 1. The DL cell average and cell edge spectral efficiencies with different CSI reporting periodicities are summarized in Table 2. It is observed that with increased CSI reporting periodicity, both the DL cell average and cell edge spectral efficiency degrades significantly, especially for large CSI reporting periodicity, which is expected for UEs activated on a large number of carriers. Hence, it is proposed that periodic CSI reporting with carrier aggregation shall be enhanced in Rel-11, e.g. by supporting periodic CSI reporting of multiple CCs in one subframe. It shall be noted for simplicity, the simulation in this section assumes aperiodic CSI reporting, where the aperiodic CSI is transmitted every N ms. Such a simplification is to avoid the detailed modeling of periodic CSI reporting mode.
Table 1: Simulation assumptions
	Parameters
	Assumptions

	Scenario
	Homogeneous network

	Traffic model
	Full buffer

	UE speeds of interest
	3 km/h

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Max number of HARQ retransmissions
	4

	Channel model
	3GPP Case 1, SCM UMA, high spread

	Maximum transmit power
	46dBm

	Number of antennas (BS, UE)
	(4, 2)

	Number of UE per cell
	10

	Antenna configuration
	xx -> x

	Receiver
	MMSE

	Feedback mode
	Subband PMI, subband CQI

	Feedback granularity
	6 PRB

	Link adaptation
	Non-ideal

	Transmission scheme
	SU/MU-MIMO

	Scheduler
	Proportional fair in time and frequency

	Maximum number of co-scheduled UEs
	2

	Overhead
	2 PDCCH symbols, 12 RE/RB DMRS, 2 CRS ports


Table 2: DL spectral efficiency with different CSI reporting periodicity
	CSI reporting periodicity (ms)
	Cell average spectral efficiency
	5% UE spectral efficiency

	
	bps/Hz
	Relative performance to 10ms periodicity
	bps/Hz/user
	Relative performance to 10ms periodicity

	10
	2.26
	100%
	0.077
	100%

	20
	2.20
	97%
	0.075
	97%

	30
	2.12
	94%
	0.072
	94%

	40
	2.03
	90%
	0.069
	90%

	50
	1.94
	86%
	0.064
	83%

	60
	1.87
	83%
	0.062
	81%

	70
	1.82
	81%
	0.060
	80%

	80
	1.78
	79%
	0.057
	74%

	90
	1.76
	78%
	0.057
	74%

	100
	1.74
	77%
	0.056
	73%


3 Conclusions
In this contribution, we discuss the necessity of periodic CSI reporting for multiple DL CCs in one subframe in LTE-A Rel-11 with the following proposal:
Proposal: Multiple DL CCs’ periodic CSI reporting in one subframe shall be supported in Rel-11.
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