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[bookmark: _Ref298777854]Introduction
A new WI was agreed at RAN #66 plenary meeting to support LTE carrier aggregation beyond 5 carriers [1]. In this contribution, we discuss the enhancements to support CSI transmission on PUSCH for up to 32 DL component carriers. 
Discussion
RI transmission
Up to 8 layers transmission in downlink per component carrier is supported since Rel-10. Up to Rel-12, RM code is used for RI reporting since the maximum supported RI bits is 15 due the aggregation of 5 carriers. With 32 DL carriers supported in Rel-13, the total number of reportable rank indicator bits shall be 96, assuming that no bundling of the rank indicator bits is considered. Two main reporting principles are possible. The first is that the full range of RI bits is reported and the second is that some form of bundling of RI bits is introduced. With significantly increased number of RI bits, convolutional coding should be applied.
Proposal:
· Apply convolutional coding for increased number of RI bits.
· Study the compression of RI bits.
A-CSI transmission
The aperiodic CSI reports are large in size and when aggregating a large number of carriers there are several aspects to be considered. 
Firstly, combining aperiodic CSI from multiple carriers into a single PUSCH with convolutional code is not an optimal design choice in terms of coding method. In Rel-12 the aperiodic CSI (up to 116 bits payload) is coded with the convolutional code per carrier. With the increase in CQI/PMI payload sizes due to carrier aggregation of more DL carriers, there is a need to study if there is gain of using turbo codes for CQI/PMI at this large payload sizes. The gain of using turbo codes (TC) and tail biting convolutional codes (TBCC) over an AWGN channel were studied and summarized in Table 1 and Table 2 [2]. 
[bookmark: _Ref285013459]Table 1: Gains of TC vs TBCC at BLER=1%
	CSI Code Rate
	Payload Size

	
	72
	144
	216
	288
	360

	0.9
	−0.6
	−0.7
	−0.6
	−0.3
	−0.6

	0.8
	−1.0
	−0.4
	0.0
	0.3
	0.5

	0.7
	−0.8
	−0.1
	0.3
	0.6
	0.8

	0.6
	−0.5
	0.3
	0.7
	1.0
	1.2

	0.5
	−0.2
	0.6
	1.0
	1.3
	1.4

	0.4
	0.1
	0.9
	1.2
	1.5
	1.7

	0.3
	0.3
	1.0
	1.4
	1.7
	1.9

	0.2
	0.2
	1.0
	1.4
	1.6
	1.8

	0.1
	0.3
	1.0
	1.4
	1.7
	1.9



[bookmark: _Ref285013465]Table 2: Gains of TC vs TBCC at BLER=10%
	CSI Code Rate
	Payload Size

	
	72
	144
	216
	288
	360

	0.9
	−0.5
	−0.7
	−0.6
	−0.4
	−0.5

	0.8
	−0.8
	−0.5
	−0.2
	0.0
	0.2

	0.7
	−0.8
	−0.3
	0.0
	0.3
	0.5

	0.6
	−0.6
	0.0
	0.3
	0.6
	0.7

	0.5
	−0.4
	0.2
	0.5
	0.8
	0.9

	0.4
	−0.2
	0.5
	0.8
	1.0
	1.2

	0.3
	−0.1
	0.6
	0.9
	1.2
	1.3

	0.2
	−0.1
	0.6
	0.9
	1.1
	1.2

	0.1
	−0.1
	0.6
	0.9
	1.2
	1.3



From Table 1 and Table 2 it can be seen that from between 150 and 200 bits payload size there is almost always a gain with the turbo code compared to the convolutional code at all code rates. In most cases the gain with the turbo code over the convolutional code is between 1 to ~2dB. The gain of turbo code over convolutional code can be utilized to set a lower beta factor for CQI/PMI and by that lowering the overhead of the CQI/PMI and allowing more data to be multiplexed together with CQI/PMI. 
Proposal:
· Study how to introduce turbo code for large CQI/PMI payloads sizes
Secondly, the vast number of bits will potentially limit the UL coverage of the report. In Rel-12, aperiodic CSI report for a single carrier can be 124 bits assuming TM10 in case of 8 TX, rank 2 and subbband PMI and CQI reporting (mode 3-2). Aggregating 32 DL carriers can increase the aperiodic CSI payload up to ~4000 bits which needs a lot of PUSCH resources and may limits the UL coverage. Therefore, it is desirable to support a lightweight aperiodic CSI report, e.g. wideband-only aperiodic CSI report to maintain a reasonable aperiodic CSI payload and good UL coverage.
Proposal:
· Support wideband-only aperiodic CSI report mode.
[bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: _GoBack]Thirdly, when a UE is UL CA capable and transmitting on multiple UL carriers, it is desirable to be able to configure different reporting sets associated with different DL carriers on different UL carriers, i.e. a smaller reporting set can be reported for each UL carrier.
Proposal:
· Support configuration of different reporting sets associated with different DL carriers to enable a smaller reporting set per UL carrier for UL CA capable UEs.
Conclusion
In this contribution we discussed the CSI transmission on PUSCH for CA enhancements. The above discussion is summarized with the following proposals:
Proposals:
· Apply convolutional coding for increased number of RI bits.
· Study the compression of RI bits.
· Study how to introduce turbo code for large CQI/PMI payloads sizes
· Support wideband-only aperiodic CSI report mode.
· Support configuration of different reporting sets associated with different DL carriers to enable a smaller reporting set per UL carrier for UL CA capable UEs.
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