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1. Introduction

One possible area of Rel.11 uplink control enhancements is the improved support for multi-cell periodic CSI feedback and the issue of CSI dropping when multi-cell A/N collides with periodic CSI. In this contribution we evaluate by system level simulations the impact of dropping.

2. Analysis

Using system level simulations, we evaluated the impact on DL throughput on the CSI feedback periodicity for a single component carrier with PUCCH CSI reporting mode 1-1.  A non-full buffer simulation with a load of 5 MB/s per cell was assumed. Furthermore, no uplink data traffic was simulated but UL grants were transmitted carrying TCP and RLC ACK and when this occurs an aperiodic CSI feedback was triggered if the time from the previous aperiodic CSI feedback was larger than 40 ms. Please find more assumption in the Appendix.
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Figure 1 User throughput for different CSI feedback periodicities.
From Figure 1, it is observed that with 20 ms CSI periodicity the user throughput the reduction is marginal compared to using 2 ms periodicity with half the feedback overhead.  

Observation: Reducing the periodic CSI feedback periodicity to less than 20 ms has marginal additional benefits on user throughput. Hence, using 20 ms periodicity is a design target when analyzing the issue of multiple cell CSI feedback. 

With the design target of Npd =20 ms CSI periodicity, different CSI feedback offset between the cells can be used to avoid collisions and we can then analyze how many carrier Ncells we can aggregate without any collisions between the periodic CSI reports between the cells, see Table 1. From this analysis, we can conclude that for a majority of the TDD configurations and FDD, there is no issue of CSI collision, if the parameter NOFFSET,CQI is adequately set for each of the carriers. Only for TDD configuration 2,3 and 4, a maximum of four aggregated cells can be supported.

Table 1 Table describing Ncells  which is how many CC that can be aggregated without multi-cell collisions with the assumption of 20 ms CSI periodicity. The last column indicates whether also the RI (Type 3 report) can be transmitted with an offset to avoid CQI/PMI dropping. 
	Frame structure
	Ncells
	Fraction of UL subframes carrying CSI report if all Ncells are active
	NOFFSET,RI(0 possible?

	FDD
	5 
	50%
	Yes, for all 5 CC

	TDD, configuration 0
	5
	41.7%
	Yes, for all 5 CC

	TDD, configuration 1
	5
	62.5%
	Only for 3 CC 

	TDD, configuration 2
	4
	100%
	No

	TDD, configuration 3
	4
	83.3%
	Yes, for 1 CC

	TDD, configuration 4
	4
	100%
	No

	TDD, configuration 5
	2 
	100%
	No

	TDD, configuration 6
	5
	50%
	Yes, for all 5 CC


The cost of this offset planning is that CSI feedback needs to be transmitted at a large fraction of all available subframes. On the other hand, there is at most one cells periodic CSI feedback per UL subframe. Collision handling between periodic CSI reports and multi-cell A/N (i.e. A/N from at least one SCell) on PUCCH depends on the configured behavior of simultaneous PUSCH and PUCCH transmission: If simultaneous transmission of PUSCH and PUCCH is configured periodic CSI feedback can be transmitted on PUSCH whereas multi-cell A/N is transmitted on PUCCH. If simultaneous transmissions are not configured only the multi-cell A/N is transmitted and the CSI reports are dropped. PUCCH collisions of PCell only A/N and periodic CSI are handled as in Rel-8. 

Hence, with this offset planning, there will be frequent dropping of periodic CSI whenever there is a collision with A/N from at least an Scell. To investigate the impact on DL throughput due to this A/N and CSI collision, a system level simulation was performed with the same settings as the simulation described above, but with the difference that whenever CSI collides with A/N, the periodic CSI was dropped. 

The user throughput results are shown in Figure 2, and the loss in UE throughput due to dropping is at the median 8%. Hence, there can be a performance benefit to be able to feed back CSI+multi-cell A/N within one subframe, especially since this type of collisions may occur frequently for large sets of aggregated carriers and particularly for some TDD configurations. 
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Figure 2 User throughput for 20 ms periodic CSI and with and without CSI dropping respectively.
3. Conclusion

Based on system level simulations and an analysis, we make the conclusion that CSI+CSI collisions between cells with aggregation up to 5 cells, can be avoided by proper planning of CSI reporting offsets.  However, this comes at the cost of increased single cell CSI + multi-cell A/N collisions. Therefore, we propose that

· No scheme is specified to allow multiple periodic CSI reports to be reported in a single subframe

· A scheme to feed back simultaneous periodic CSI for one cell and multi-cell A/N in PUCCH should be supported
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5. Appendix

	Parameter
	Value

	Number of carriers and bandwidth
	1 carrier, 5 MHz

	Carrier frequency
	2 GHz

	Antenna setup
	2x2, cross-pol

	Channel model
	3GPP SCM, ISD=1732 m

	Downlink traffic model
	FTP traffic model 1, 2 MB packets

	Uplink traffic model
	No uplink traffic except TCP, RLC ACK

	Transmission mode
	TM 4

	UE speed
	3 km/h

	Periodic CSI feedback mode
	Mode 1-1

	Aperiodic CSI feedback mode
	Mode 3-1

	Aperiodic CSI feedback timer
	40 ms

	CQI/PMI periodicity (Npd ) and rank periodicity parameter (MRI)
	2,10,20 and 40 ms and 16,8,4,2 respectively


