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1 Introduction
In RAN1 #80b, several observations were reached on CSI feedback and captured into the meeting minutes [1]:

Observations:
· At least the following enhancements to CSI reporting in order to reduce periodic CSI report dropping probability can be studied
· Multiplexing of periodic CSI reports corresponding to multiple serving cells

· Multiplexing of periodic CSI reports corresponding to multiple serving cells with ACK/NACK feedback

· Details FFS including at least: 

· supported PUCCH format(s) 

· prioritization rules

· Enhancements to Aperiodic CSI reporting in order to improve the triggering flexibility and/or guarantee sufficient coverage and low overhead can be studied
· Details of candidate enhancements FFS including at least:

· Compact (e.g. wideband-only) Aperiodic CSI reports

· Grouping of triggered and/or reported cells/carriers

· More flexible indication (triggering) of reported carriers and the type of the report

· Limiting UE complexity associated with reporting up to 32 CCs
· Higher order modulation for A-CSI reports
As the number of DL supported carrier increases, CSI feedback for up to 32 DL CCs becomes a challenge. In this contribution, we discuss the necessary enhancements for periodic CSI reporting and aperiodic CSI reporting to support up to 32 component carriers aggregation. 
2 Enhancements to periodic CSI reporting
In the current specifications of Rel-10 CA (and its evolution in Rel-11 and 12), only one periodic CSI for one CC with the highest priority can be transmitted on the PUCCH in a single subframe based on specific dropping rules. As described in [2][3][4][5][6], all of them think that reusing current mechanism to report period CSI for up to 32 CCs is inefficient, significant latency for up to 32 DL CCs CA including TDD and FDD is introduced. For example, in order to fully avoid collisions and dropped periodic CSI transmission, for DL CA of 32 CCs, the minimum period for periodic CSI reporting for FDD is 32 ms, for TDD with UL/DL configuration 2 is 160ms.It is obvious that DL throughput losses are expected because of such long CSI reporting periods. Moreover, significant PUCCH overhead and UE power consumption is expected because of TDMed CSIs reporting for supporting DL CA of up to 32 CCs. Although it is also the possible to schedule aperiodic CSI reports while a separated UL grant is required to trigger aperiodic CSI reports, it will consume substantial PDCCH resources and PUSCH resources with unnecessary subband CQI in some cases. Therefore, enhancements for periodic CSI reporting to support up to 32 CCs should be considered.
One straightforward way to avoid collision and/or reduce latency/overheads is to support transmission of multiple periodic CSI reports for multiple CCs in one subframe.
It is expected that new PUCCH formats with larger payload size (at least 64bits) should be introduced for HARQ-ACK feedback in [7]. It is a nature choice to reuse the new PUCCH format(s) to support multiple CSI reports for multiple CCs in one subframe. Of course, it is also possible to reuse PUCCH format 3 to support multiple CSI reports. 
So, we proposed that multiplexing of pCSI for multiple serving cells on PUCCH should be supported for DL CA beyond 5 carriers.
Proposal 1: Multiplexing of pCSI for multiple serving cells on PUCCH should be supported for DL CA beyond 5 carriers.
There are two cases that should be considered: Multiplexing of periodic CSI reports for multiple serving cells without ACK/NACK on PUCCH, Multiplexing of periodic CSI reports for multiple serving cells with ACK/NACK on PUCCH.
Multiplexing of pCSIs for multiple serving cells without ACK/NACK on PUCCH

Considering that the maximum payload size of periodic CSI for a single cell is 11 bits, the maximum feedback bits for periodic CSI reporting of up to 32 DL CCs would be 11*32=352 bits. If PUCCH format 3 is used to support multiple pCSIs reporting, at least two periodic CSIs can be multiplexed to simultaneously transmit in a given subframe. Maximum payload size of HARQ-ACK bits is at least 128 bits as discussed in [8], it is expected that the new PUCCH format will support at least 128bits, then the new PUCCH format can support simultaneously transmission of at least 11 periodic CSIs, which indicate that CSI of 32 DL CCs can be reported without collision by the new PUCCH format with 5ms reporting period in case of FDD and with 20ms reporting period in case of TDD with UL/DL configuration 2. 
Proposal 2: PUCCH format 3 and/or new PUCCH format(s) (if defined) for HARQ-ACK feedback can be used to carry multiple periodic CSIs for multiple serving cells without ACK/NACK. 
If the new PUCCH format(s) or PUCCH format 3 can be used to carry multiple CSI reports for multiple CCs, it is straightforward way to configure a period CSI reporting for a group of CCs and not independently per CC as in Rel-12.Moreover, it is reasonable assumption that CCs from the same band can be configured with same CSI report parameters (e.g., periodicity/ offset, CSI report type).Or, at least the same PUCCH resource(s) can be configured to feedback CSIs for a group of CC when CSI reports are configured independently per CC as in Rel-12.
It is obvious that the amount of CSIs for the activated cells that need to be reported may be different for different subframes, and then PUCCH resource with suitable PUCCH formats can be selected for better resource utilization. For example, the PUCCH resource for the new PUCCH format is used to carry 11 CSI reports for 11 activated cells, the PUCCH resource for the PUCCH format 2/3 is used to carry 1 or 2 CSI reports for 1 or 2 activated cells.

It is assumed that no collision in the same CC group happen when one period CSI reports is configured for one group of CCs, however, CSI report parameters are configured independently among CC groups. There may be collision between CC groups. Moreover, the maximum feedback bits for periodic CSI reporting of up to 32 DL CCs (352 bits)would still be possible beyond the maximum capacity of new PUCCH format(s), thus some dropping rules are still needed.
The priority defined in Rel-10 can be reused. When the total number of CSI bits is less than the maximum payload size, all CSIs can be reported simultaneously in a given subframe. When the total bits exceed the maximum payload size, the CSIs from the cells with higher priority are first filled. If the remaining payload size cannot contain all the CSIs with the next priority, then all CSIs with lower priority are dropped. 
Based on the discussion and analysis, we have the following proposals.
Proposal 3: The UCI priority rules defined in Rel-10 can be reused for multiplexing of pCSIs for multiple serving cells without ACK/NACK on PUCCH. 

Multiplexing of pCSIs for multiple serving cells with ACK/NACK on PUCCH

Simultaneous transmission of HARQ-ACK and one pCSI is already supported on PUCCH format 3 in Rel-11. It is straightforward to support HARQ-ACK with multiple CSI reports when multiple CSI reports are supported on PUCCH. 
Proposal 4: Multiplexing of pCSI for multiple serving cells with ACK/NACK on PUCCH should be supported for DL CA beyond 5 carriers.
PUCCH format 3 or new PUCCH format(s) if defined to support larger HARQ-ACK feedback bits can be used to support multiplexing of pCSI for multiple serving cells and HARQ-ACK.But the total bits of pCSIs and HARQ-ACK would be still larger than the maximum payload size of the new PUCCH format(s). Similarly, some dropping rules are also needed.

When the total bits of pCSI and HARQ-ACK are less than the maximum payload size, all pCSI HARQ-ACK and can be reported simultaneously in a given subframe. When the total bits exceed the maximum payload size, ACK/NACK should have the higher priority than periodic CSI, thus periodic CSI should be dropped accordingly.

Based on the discussion and analysis, we have the following proposal.

Proposal 5: When multiplexing pCSIs for multiple serving cells with ACK/NACK on PUCCH, and if the total bits of pCSI and ACK/NACK are beyond the capacity of PUCCH, ACK/NACK should have the higher priority.  
3 Enhancements to aperiodic CSI reporting
PRB number limitation of aperiodic CSI reports on PUSCH
Simulation results for A-CSI feedback on PUSCH in [3] show that the payload size of aperiodic CSI reports cannot be more than a few hundred bits, however, the maximum number of resource blocks is assumed to be 20 in the simulation (i.e., as in  Rel-12 to support at most 5 carriers). Considering aperiodic CSI payload size for a single serving cell is up to 72 bits (including 8 bits CRC), it is reasonable that 72 *5=360 bits can be supported by 20 RBs. Simulation results in Figure 1 show that 72*32=2304 bits can be supported by 60 RBs for aperiodic CSI of 32 DL CCs assuming the same required SNR (about -4 dB) for a block error rate (BLER) of 10% as for transmitting 72 *5=360 bits with 20 RBs. So up to 32 aperiodic CSI reports can be supported when the number of PRBs is increased. Thus aperiodic CSI reports for more than 5 carriers transmitted on PUSCH without UL-SCH data can be supported by increasing the number of allocated PRBs.
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Figure 1.Block error rate for aperiodic CSI feedback for different CSI payload sizes and allocated PUSCH bandwidths.
Proposal 6: the number of PRBs should be increased if aperiodic CSI reports for more than 5 carriers are supported to transmit on PUSCH without UL-SCH data.
In Rel-10 CA aperiodic CSI triggering, 2 bits in the UL grant are used to trigger CSI report for a configured CSI set of CCs in table 7.2.1-1A of 36.213. eNB can trigger 1st CSI set or 2nd CSI set congigured by higher layers by “10”or”11” in CSI request field of UL Grant. A limitation in Rel-12 is that the RRC configured bitmaps are of length 8 (while allowing simultaneous triggering of aperiodic CSI for at most 5 serving cells). This limitation could be avoided by extending the lengths of the RRC configured bitmaps.
Table 7.2.1-1A: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search space

	Value of CSI request field
	Description

	'00'
	 No aperiodic CSI report is triggered

	'01'
	 Aperiodic CSI report is triggered for serving cell 
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	'10'
	 Aperiodic CSI report is triggered for a 1st set of serving cells configured by higher layers

	'11'
	 Aperiodic CSI report is triggered for a 2nd set of serving cells configured by higher layers


If the flexibility of aperiodic CSI reporting should be enhanced in order to ensure that the eNodeB has means to obtain CSI necessary for CA with up to 32 CCs, there could be two options:
Option 1: Increase the number of aperiodic CSI sets without increasing the number of request bits.
Option 2: Increase the number of aperiodic CSI sets by increasing the number of request bits.
The number of aperiodic CSI sets can be increased to achieve more triggering flexibility without changing request bits, where a small specification impact is expected. We believe that option 1 is flexible enough to support up to 32 carriers and we do not think increasing bits in CSI request field for aperiodic CSI triggering is strictly needed. Mapping relationship between more than two CSI sets and “10”or”11” in CSI request field of UL Grant is FFS.
Based on discussion above, we have the following proposal.

Proposal 7: The CSI request field in the UL grant for aperiodic CSI triggering consists of 2 bits.
4 Conclusion

In this contribution, we analyze the necessary enhancements for periodic CSI reporting and aperiodic CSI reporting to support up to 32 component carriers aggregation.

Based on the discussion and analysis, we have the following proposals.

Proposal 1: Multiplexing of pCSI for multiple serving cells on PUCCH should be supported for DL CA beyond 5 carriers. 

Proposal 2: PUCCH format 3 and/or new PUCCH format (if defined) for HARQ-ACK feedback can be used to carry multiple periodic CSIs for multiple serving cells without ACK/NACK. 

Proposal 3: The UCI priority rules defined in Rel-10 can be reused for multiplexing of pCSIs for multiple serving cells without ACK/NACK on PUCCH. 

Proposal 4: Multiplexing of pCSI for multiple serving cells with ACK/NACK on PUCCH should be supported for DL CA beyond 5 carriers. 

Proposal 5: When multiplexing pCSIs for multiple serving cells with ACK/NACK on PUCCH, and if the total bits of pCSI and ACK/NACK are beyond the capacity of PUCCH, ACK/NACK should have the higher priority. 
Proposal 6: the number of PRBs should be increased if aperiodic CSI reports for more than 5 carriers are supported to transmit on PUSCH without UL-SCH data.
Proposal 7: The CSI request field in the UL grant for aperiodic CSI triggering consists of 2 bits.
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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, 60

	Codebook size (with 8-bit CRC)
	360 (5 CCs)/1152 (16 CCs)/2304 (32 CCs)

	Modulation scheme
	QPSK

	Performance metric
	SNR targeting 10% BLER
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