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1. Introduction
For Rel-10 DL CA, each serving cell is independently configured for periodic CSI reporting, and in the event of a collision of two or more CSI reports, the UE shall drop all but one of the CSI reports. Furthermore, if multi-cell HARQ-ACK feedback collides with a CSI report in a subframe the CSI report is dropped. It was observed that such frequent dropping of periodic CSI (P-CSI) reports could be detrimental to DL throughput [1], [2]. On the other hand it was observed in [3], [4] that aperiodic CSI reporting adequately compensates for any loss in periodic CSI reporting. It was agreed at RAN1 #67 to further study the impact of dropping periodic CSI reports for CA and conclude on proposed UCI enhancements in RAN1 #68. In this contribution we extend the preliminary results shown in [3] based on the agreed simulation assumptions in [5].

2. Performance Results
In the simulation setup we model a practical CSI reporting periodicity of 10 ms for one serving cell. With this periodicity it can be assumed that up to five serving cells can be configured with the same periodicity but different subframe offsets. We also assume that rank and CQI/PMI are reported in different subframes. With this methodology the probability of collision between HARQ-ACK feedback and P-CSI reports, or between CSI reports, can be modelled by a CSI dropping rate. 
As mentioned in [4] it can be assumed that the UE is allocated an UL grant once in a while to at least convey TCP and RLC acknowledgments. Hence, the UL grant can also trigger CSI reporting on PUSCH. The availability of such an UL grant is modelled by an A-CSI triggering rate. 

We assume a low mobility scenario as the practical use case for configuring DL CA. The simulation assumptions are shown in Table 3 in the Appendix based on the agreed setup in [5]. 

Table 1 shows the impact of dropping P-CSI reports for PUCCH Mode 1-1.
Table 1 Impact of P-CSI dropping on DL performance (Npd=10 ms)

	P-CSI dropping rate
	Cell average Spectral Efficiency
	5% UE spectral efficiency

	
	Bps/Hz
	 Gain
	Bps/Hz/user
	Gain

	0
	2.053
	0
	0.087
	0

	10%
	2.057
	0.19%
	0.087
	0

	20%
	2.053
	0%
	0.087
	0

	50%
	1.996
	-2.78%
	0.084
	-3.45%

	80%
	1.863
	-9.25%
	0.076
	-12.64%


Some observations from Table 1 are:
1) There is essentially no noticeable performance difference for dropping rates up to 20%. For higher dropping rates the loss in cell average/cell edge is about 9% and 12.6% respectively.
2) These results are not surprising because CSI reporting on PUCCH is designed for small payloads (up to 11bits for CQI/PMI). Wideband CQI/PMI is a reflection of the long-term statistical property of the channel, is very much dependent on the downlink geometry, and finally, it has a low temporal variation. Therefore, dropping P-CSI reports is not considered a critical issue in achieving optimal DL throughput. In contrast, aperiodic CSI reports using PUSCH Mode 3-1 provides refined subband CSI which facilitates frequency dependent scheduling.
Table 2 shows DL performance when A-CSI reports are triggered using PUSCH Mode 3-1. 

Table 2 Impact of P-CSI dropping on DL performance with PUSCH Mode 3-1 and PUCCH Mode 1-1 (Npd=10 ms)

	A-CSI triggering (ms)
	P-CSI dropping rate
	Cell average Spectral Efficiency
	5% UE spectral efficiency

	
	
	Bps/Hz
	Gain
	Bps/Hz/user
	Gain

	20
	50%
	2.467
	0
	0.109
	0

	20
	80%
	2.467
	0
	0.109
	0

	40
	50%
	2.344
	-4.99%
	0.102
	-6.42%

	40
	80%
	2.312
	-6.28%
	0.100
	-8.26%


1) As should be expected when the UE is regularly scheduled on UL (modelled by a 20 ms A-CSI triggering rate) there is no loss in performance even at high P-CSI dropping rates.

2) For a moderate A-CSI triggering rate of 40 ms the performance loss is roughly 6% (8%) for cell average and cell edge respectively
Based on these results it can be seen that as long as the UE is scheduled on UL at a reasonable interval aperiodic CSI reporting is sufficient to more than compensate for lost (dropped) CSI feedback. 

3. PUSCH-based CSI Reporting

An analysis of PUSCH-based periodic CSI reporting was given in [6], 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 the impact on DL throughput of dropping periodic CSI reports. Significant loss is only seen at very high dropping rate for a low mobility scenario. It was also observed that CSI reporting on PUSCH more than adequately compensates for dropped periodic CSI reports. Therefore our recommendations are
· There is no need for a new PUCCH format in Rel-11 for transmitting multi-cell CSI feedback. 
· PUSCH based reporting should consider

· Dynamically triggered reporting for small and/or large CSI payloads.
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Appendix
Table 3 Simulation Assumptions

	Parameter
	Assumptions

	Feedback scheme
	(a) Rel.10 PUSCH mode 3-1
(b) Rel-10 PUCCH Mode 1-1

	CSI Feedback delay
	6 ms

	PUCCH reporting periodicity
	10 ms

	Rank reporting
	MRI = 1, NOFFSET, RI = 0

	Aperiodic CSI triggering rate
	20, 40 ms

	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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