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1 Introduction

The following agreements about aperiodic CSI feedback enhancements for eCA are reached in the previous RAN1 #82 meeting.

· Confirm the following working assumptions in RAN1#81:
· To improve the flexibility of aperiodic CSI triggering in Rel-13 CA, at least it is supported to increase the number of aperiodic CSI sets compared to Rel-12 CA.
· This does not imply that increased number of CSI request bits is necessary.
· If the UE is configured with PUCCH on Scell, the above enhancement can be applied per PUCCH CG.
·  Further details is FFS.
Moreover, there are the following working assumptions in the last meeting:
· To increase the number of aperiodic CSI sets for flexible aperiodic CSI triggering in Rel-13 CA, 

· Size of aperiodic CSI request field is increased to 3 bits. 
· RRC-configured aperiodic CSI sets are commonly configured for all UL cells/subframes as in Rel-12 CA.
According to [1], the number of simultaneously triggered CSI and UE complexity was left for further study in this meeting.
· Need to consider further the number of simultaneously triggered CSI and UE complexity in the next meeting.
In this contribution, further A-CSI (aperiodic CSI) feedback enhancements for eCA and the remaining issues would be discussed.
2 A-CSI reports trigger
Currently, at most 5 A-CSI reports could be simultaneously triggerd for a UE configured with 5 carriers aggregation. With the same principle, when 32 DL carriers are configured to one UE, triggerring simultaneous 32 A-CSI reports should be supported considering efficient scheduling requirements. The UE capability of A-CSI updating is also expected to be proportionately increased with the carrier number such as the UE capability of demodulation and etc. Regardless of the UE capability, simultaneously triggering 32 A-CSI reports should be supported in the RAN1 specification. 

In the current specification, two bitmaps of length 8 is used to indicate the UE two sets of serving cells respectively by higher layer parameter aperiodicCSI-Trigger-r10. Each bit corresponds to one configured serving cell. To support simultaneously triggering 32 A-CSI reports, extending the lengths of bitmaps in aperiodicCSI-Trigger-r10 could be considered. Consequently, it is proposed to ask RAN2 to extend the lengths of bitmaps in aperiodicCSI-Trigger-r10 to support simultaneous triggering of 32 A-CSI reports.
Proposal 1: Simultaneously triggering 32 A-CSI reports are supported in the RAN1 specification. Ask RAN2 to extend the lengths of bitmaps in aperiodicCSI-Trigger-r10 to support simultaneous triggering of 32 A-CSI reports.
3 A-CSI report

A-CSI reports could be transmitted through PUSCH with/without UL-SCH. The maximum number of RBs allocated for PUSCH without UL-SCH data is used to distinguish UL scheduling for A-CSI reporting without UL-SCH data on PUSCH and A-CSI reporting with UL-SCH data on PUSCH. The maximum size of A-CSI report for a single serving cell is 112 bit for the DL bandwidth of 100 RB with PUSCH Mode 3-2 assumed up to Rel.12. The payload size of A-CSI for 5 carriers is 5*112=560 bits. The maximum number of RBs for A-CSI reports of no more than 5 carriers is 20 in R12 when there is no UL-SCH data on the PUSCH.

For the carrier aggregation up to 32 carriers, simultaneously triggering 32 A-CSI reports should be supported in eCA as discussed above. The maximal payload size of A-CSI for 32 carriers would be 32*112=3584 bits. If the maximum number of RBs allocated for PUSCH without UL-SCH is still defined according to the maximal number of triggered A-CSI reports, 32*4=128RB would be used as the threshold to distinguish PUSCH with/without UL-SCH data. The threshold is larger than the UL bandwidth even 20MHz is assumed. Furthermore, the scheduling flexibility of PUSCH with UL-SCH would be restricted much due to the threshold is determined by the maximal triggered A-CSI reports number while the actual number of triggered A-CSI reports fluctuates from 6 to 32. In order to release the impacts on PUSCH with UL-SCH data transmission caused by the PUSCH scheduling determination for A-CSI reporting without UL-SCH data by the large threshold of maximum RB number, it is possible to set the threshold according to the number of actual triggered A-CSI reports.
To support large payload of A-CSI transmission, turbo code should be considered and much more PUSCH resources are needed. The A-CSI performance should at least not worse than A-CSI transmission with 20RBs for 5CCs in PUSCH resources. Moreover, the maximum allocated RB number for PUSCH for A-CSI reporting without UL-SCH data should also equal to 
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is a set of non-negative integers since each PUSCH scheduling satisfies this condition. The required RB numbers to transmit different number of A-CSI reports are evaluated as shown in figure 1 below assuming the similar required SNR (about 3 dB) for a block error rate (BLER) of 1% as for transmitting 5 carriers A-CSI (5*112=560 bits) with 20 RBs. The simulation assumptions could be found in the appendix and the simulation results for 32 A-CSI reports with 3584bits and 16 A-CSI reports with 1972bits is also shown in the appendix.
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Figure. 1 Required RB number for each A-CSI reports number
It is observed that required RB number for A-CSIs reports is increased with the number of A-CSI reports. In general, the aggregated carrier number in a Macro does not exceeds 16 while the maximum aggregated carrier number for eCA is 32. Therefore, 45, 30RBs could be used as the threshold for up to 32,16 triggered A-CSI reports respectively.
Proposal 2: The maximum number of allocated RBs for A-CSI reporting without UL-SCH data should be 
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Proposal 3: 45, 30RBs could be used as the threshold for up to 32, 16 triggered A-CSI reports respectively.
4 Simultaneous transmission of A-CSI and P-CSI
In the current specification, in case both periodic and aperiodic CSI(s) reporting would occur in the same subframe, the UE shall only transmit the A-CSI reports. That is due to the A-CSI reports could provide more instantaneous and accurate CSI and is considered more important than the periodic CSI(s). At the same time, the collision between P-CSI(s) and A-CSI(s) correspond to the same cell could be avoided for most of the cases.

For carrier aggregation up to 32 cells, the collision probability between P-CSI(s) and A-CSI(s) would be greatly increased. And it is very possible that the P-CSI(s) and A-CSI(s) are corresponding to different cells. Therefore, simultaneously transmission of P-CSI(s) and A-CSI(s) from different cells should be supported for R13 CA configuration. For the cell(s) which the P-CSI and A-CSI are collided in the same subframe, the A-CSI would be transmitted while the P-CSI is dropped. For the cell(s) which there is only P-CSI or only A-CSI in the subframe, the P-CSI/A-CSI would be transmitted.
Proposal 4: Simultaneously transmission of periodic CSI(s) and A-CSI(s) from different cells is supported in R13.
5 Simultaneous transmission of A-CSI and SR
In the current mechanism, if the UE is not configured for simultaneous PUSCH and PUCCH transmission, when aperiodic CSI report with no transport block associated and positive SR is transmitted in the same subframe, the UE shall transmit SR and drop the aperiodic CSI. The impacts caused by aperiodic CSI dropping may be not too severe when the carrier aggregation is no more than 5 cells. For the carrier aggregation up to 32 cells, it is possible large amount of carriers A-CSI(s) reporting have to be dropped due to the simultaneous SR existence. This would cause much impact on the DL scheduling and should be avoided. Therefore, it is beneficial to enable simultaneous A-CSI and SR transmission in one subframe through PUSCH which is without UL-SCH data. Fixed resources in the PUSCH could be allocated for the SR transmission.
Proposal 5: If the UE is not configured for simultaneous PUSCH and PUCCH transmission, when A-CSI report with no transport block associated and SR are transmitted in the same subframe, the A-CSIs and SR are simultaneously transmitted on the PUSCH.
6 Conclusions
In this contribution, the potential A-CSI feedback enhancements to support up to 32 component carriers aggregation are discussed. The following proposals are reached:
Proposal 1: Simultaneously triggering 32 A-CSI reports are supported in the RAN1 specification. Ask RAN2 to extend the lengths of bitmaps in aperiodicCSI-Trigger-r10 to support simultaneous triggering of 32 A-CSI reports.
Proposal 2: The maximum number of allocated RBs for A-CSI reporting without UL-SCH data should be 
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Proposal 3: 45, 30RBs could be used as the threshold for up to 32, 16 triggered A-CSI reports respectively.
Proposal 4: Simultaneously transmission of periodic CSI(s) and A-CSI(s) from different cells is supported in R13.
Proposal 5: If the UE is not configured for simultaneous PUSCH and PUCCH transmission, when A-CSI report with no transport block associated and SR is transmitted in the same subframe, the A-CSIs and SR are simultaneously transmitted on the PUSCH.
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Appendix

Table A1. Simulation assumption
	Parameter
	Setting

	Carrier frequency
	2 GHz

	Carrier bandwidth
	20 MHz

	Channel model
	EPA, 3 km/h

	Antenna setup
	1Tx, 2Rx, antenna correlation = 0.5

	Channel coding
	Turbo

	HARQ
	OFF

	Channel estimation
	LS

	Number of scheduled PRBs in one slot
	20, 30, 40, 50

	Codebook size
	560bits (5 CCs); N*112 bits where N=6,7,…32 (6~32 CCs)

	Modulation scheme
	QPSK

	Performance metric
	SNR targeting 1% BLER


The SNR-BLER performance of 32, 16 A-CSI reports by different number of RBs is evaluated as shown in the following Figure 2. 
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Figure. 2 BLER of 32, 16 A-CSI reports with different RB number
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