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1. Introduction

A Rel-10 UE configured for DL CA shall drop all but one periodic CSI (P-CSI) report in the event of a collision in the same subframe between P-CSI reports of different cells. While the probability of collision was considered low for at most two aggregated cells in Rel-10, the same may not be true for more than 2-cell aggregation in future LTE releases. From analysis [1], [2] and preliminary system-level simulations [3], [4], it was observed that frequent dropping of CSI reports may have an undesirable impact on DL system throughput. A preliminary comparison of a number of proposed multi-cell P-CSI feedback schemes was given in [1]. In general, most proposed schemes can be broadly categorized under PUCCH-based schemes, which advocate for new/modified PUCCH formats, and PUSCH-based schemes, which transmit periodic CSI using the PUSCH transmission structure. 

In this contribution we first compare DL system level performance between periodic CSI reports on PUCCH and aperiodic CSI (A-CSI) reports on PUSCH in order to draw preliminary conclusions on the necessity of new PUCCH containers for multi-cell CSI feedback. Secondly, we provide additional analysis of PUSCH-based schemes. 
2. Necessity of new PUCCH-based formats
The impact of frequent dropping of P-CSI reports was modelled in [3] by varying the CSI reporting periodicity assuming sub-band CQI/PMI. Here we take a different approach by noting that CSI reporting on PUCCH primarily provides coarse wideband information (although user-selected subband reporting can also be configured). Therefore, it can be expected that the significant system gains offered by SU/MU MIMO are best achieved by aperiodic CSI feedback – finer granularity CSI reports. As such, the drop in DL throughput by frequent dropping of P-CSI reports can be mitigated or obviated by scheduling a CSI report on PUSCH. One mentioned disadvantage of this approach is the corresponding increase in DL signaling for scheduling UL grants especially for DL-heavy TDD UL-DL configurations. However, one can trade off increased latency – to reduce signaling overhead – with the more accurate CSI estimates offered by aperiodic CSI reports. 
This approach is verified by system level simulations. In order to study the impact of frequent dropping we compare a small (wideband) P-CSI report on PUCCH versus an A-CSI report on PUSCH, which is triggered at longer intervals compared to the PUCCH CSI periodicity, Npd. For example, a PUSCH triggering interval of 40ms means that the eNB triggers an A-CSI report every 40ms.  The cell average and 5% UE (cell edge) spectral efficiencies for a homogeneous network with 1 serving cell are shown in Table 1, where the gains are computed with respect to a PUCCH CSI periodicity of Npd = 10 ms. The corresponding simulation assumptions are described in Table 2 of the Appendix.
Table 1 DL Spectral Efficiency for PUSCH/PUCCH CSI Reporting

	CSI reporting periodicity (ms), CSI type
	Cell average Spectral Efficiency
	5% UE spectral efficiency

	
	Bps/Hz
	 Gain
	Bps/Hz/user
	Gain

	5, Wideband CSI
	2.12
	0
	0.097
	0

	10, Wideband CSI
	2.05
	-3.3%
	0.094
	-3.1%

	20, Mode 3-1
	2.46
	16.0%
	0.118
	21.6%

	40, Mode 3-1
	2.15
	1.4%
	0.103
	6.2%

	60, Mode 3-1
	2.06
	-2.8%
	0.098
	1.0%


It can be seen that even at 60ms there is only a small loss of -2.8% for the cell average, while there is a 1% cell edge gain compared to PUCCH reporting with a 5ms periodicity. At such a long time interval it is not expected that DL signalling overhead is a big concern even for TDD systems. Our preliminary conclusion is that there is a negligible performance loss, and negligible increase in signalling overhead, as a result of aperiodic CSI reporting. Hence, there is no need for a new PUCCH container in Rel-11 for transmitting multi-cell CSI feedback. 
3. PUSCH-based CSI Reporting

An analysis of PUSCH-based periodic CSI reporting was given in [1], where two schemes are possible: RRC-configured reporting on PUSCH or dynamically scheduled CSI reporting. 
For dynamically scheduled CSI reporting a UE can be configured with different reporting modes. The reporting modes are based on the CSI payload size when multiple cells are configured for a UE. For example, wideband CSI information for up to 5 cells can be reported with a 55-bit payload. A different reporting mode can provide sub-band information (PUSCH mode 3-1) for up to 5 cells, which gives a maximum payload of 5 * 68 (PUSCH Mode 3-1, TM9 with 8 CSI-RS ports) = 340-bit payload without CRC. One simple way to configure this reporting mechanism is by reusing the RRC-configured values of the CSI request field of an UL grant. 
Several advantages can be seen with this scheme, namely:
· PUSCH-based CSI reporting is dynamically configured as in Rel-8/9/10.

· Minimal changes to the specification are envisaged

· Simple RRC configuration change to the meaning of the CSI field values in an UL grant.
· Triggering can be done using UL grants for both small and large CSI payloads.

· To reduce DL signaling overhead triggering in DL assignments can be investigated.

One possible limitation is that it reduces the flexibility of the CSI field in an UL grant for configuring CSI reports for different subsets of the configured serving cells. 
4. Conclusion

This contribution investigated DL system performance comparing low latency wideband CSI on PUCCH to longer latency aperiodic CSI on PUSCH. As expected the system performance for PUSCH reporting is still satisfactory even at 6x the periodicity of CSI on PUCCH. Hence, we propose:
· There is no need for a new PUCCH container in Rel-11 for transmitting multi-cell CSI feedback. 
· PUSCH based reporting should consider

· Maintaining dynamically triggered reporting for small and/or large CSI payloads.
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Appendix
Table 2 Simulation Assumptions

	Parameter
	Assumptions

	Feedback scheme
	(a) Rel.10 PUSCH mode 3-1 with 6RB sub-band CQI, wideband PMI

(b) Rel-10 wideband CQI/PMI for PUCCH, 4-bit CQI per TS 36.213

	CSI Feedback delay
	6 ms

	CSI Reporting periodicity
	5, 10, 20, 40, 60 ms

	Rank reporting
	MRI = 1, NOFFSET, RI = 0

	Link adaptation
	Non-Ideal

	Scheduler
	Proportional fair in time and frequency

	Outer loop link adaptation 
	Enabled

	HARQ Scheme 
	CC

	Deployment model
	Homogeneous deployment with 3 sector sites, 19 sites with wrap-around

	Average number of users per cell
	10

	Traffic model
	Full buffer

	UE speeds 
	3 km/h

	Bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	MIMO configuration 
	SU-MIMO

	Max number of HARQ retransmissions
	3

	Channel model
	3GPP Case 1 (SCME, Urban Macro, 15° angular Spread)

	Tx power
	46 dBm

	BS antenna configuration
	4Tx ULA with 0.5 λ separation. 

3D pattern

	UE antenna configuration
	2 RX with 0.5 λ separation, same polarization as BS 

	UE receiver 
	MMSE-IRC
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