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To support up to 32 CCs in Rel-13 CA, the CSI feedback schemes need to be enhanced. For periodic CSI reporting, the following was agreed at RAN1 #81
· For a PUCCH CG, At least the following enhancements to Periodic CSI reporting on PUCCH are specified in order to reduce periodic CSI report dropping probability
· Multiplexing of periodic CSI reports corresponding to multiple serving cells in a subframe 
· Multiplexing of periodic CSI reports corresponding to multiple serving cells with HARQ-ACK feedback in a subframe 
For aperiodic CSI reporting, the following working assumption was agreed
· 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
In this contribution, we share our views on some details on CSI feedback enhancements to both periodic and aperiodic CSI reporting.
Discussion
The enhancements to periodic and aperiodic CSI reporting are discussed separately in the following.
Enhancement to periodic CSI reporting
In LTE Rel-10/11/12 CA, periodic CSI reporting is independently configured for each component carrier. In Rel-10, when periodic CSI is to be reported in a subframe where multi-cell HARQ-ACK feedback is to be transmitted, periodic CSI report will be dropped. In Rel-11, if simultaneousAckNackAndCQI-Format3-r11 is configured by RRC, the periodic CSI for one serving cell and multi-cell HARQ-ACK (including SR) are transmitted together via PUCCH Format 3. In case of collision of multi-cell P-CSI reporting, only the one with the highest priority is kept. 
In Rel-13, it is unclear whether/how to support P-CSI on carriers in unlicensed spectrum [1]. The periodic CSI reporting can still be independently configured for each licensed carrier. Given that a new PUCCH format will be defined to carry large UCI payload, this new PUCCH format can also be used to carry multi-cell P-CSI reports with or without HARQ-ACK feedback in a subframe. 
Multi-cell P-CSI reports without HARQ-ACK feedback
Similar to the P-CSI reporting using PUCCH format 2, a UE-specific PUCCH resource can be configured by higher layer for multi-cell P-CSI reporting. The PUCCH resource is not reserved in subframes without P-CSI reporting, i.e. the PUCCH resource can be used for PUSCH transmission if there is no P-CSI report in that subframe. For multiplexing of multi-cell P-CSI reports, one could define a maximum payload size such that the total information bits of the multi-cell P-CSI reports does not exceed the upper limit. Alternatively, one can configure the maximum number of P-CSI reports in one subframe. In both cases, some P-CSI reports may need to be dropped under certain conditions. The P-CSI dropping can be based on Rel-10 P-CSI priority rules. 
In case multi-cell P-CSI reports and HARQ-ACK feedback occur in the same subframe, P-CSI will be multiplexed together with HARQ-ACK using the PUCCH resource determined by HARQ-ACK transmission procedure as discussed in [2]. 
Proposal 1: 
· A maximum payload or a maximum number of P-CSI reports is defined for multiplexing of multi-cell P-CSI reports without HARQ-ACK feedback.
· Rel-10 P-CSI priority rule is reused for multiplexing of multi-cell P-CSI reports without HARQ-ACK feedback.
Multi-cell P-CSI reports with HARQ-ACK feedback
In Rel-11, a single cell P-CSI can be transmitted using the remaining bits after HARQ-ACK feedback bits (including SR) has been assigned. More specifically, if the total number of HARQ-ACK (before spatial bundling) and periodic CSI exceed the payload size of PUCCH format 3, spatial domain bundling is applied. If the total information bits of periodic CSI and HARQ-ACK bits (after spatial bundling) exceed the payload size of PUCCH format 3, periodic CSI is dropped. 
In Rel-13, a similar solution can be applied for multiplexing of multi-cell P-CSI reports and the HARQ-ACK feedback. The multi-cell P-CSI reports are transmitted in a best effort way after the HARQ-ACK feedback bits (including SR) has been allocated. For example, one could configure a maximum number of P-CSI reports N and P-CSI reports with the highest priority will be transmitted. The priority of the multi-cell P-CSI follows Rel-10 rules. HARQ-ACK spatial bundling is applied when needed, e.g. when not all the N cell P-CSI can be transmitted. Some P-CSI reports will be dropped when the total information bits exceed the payload size of the new PUCCH format. 
Proposal 2: 
· The multi-cell P-CSI reports are transmitted using the remaining bits after the HARQ-ACK feedback bits (including SR) have been allocated.
Enhancement to aperiodic CSI reporting
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 3:
· 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 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 [3]. 
[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 4:
· 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 116 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 ~3700 bits which needs a lot of PUSCH resources and may limit 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 5:
· Support wideband-only aperiodic CSI report mode.
[bookmark: OLE_LINK83][bookmark: OLE_LINK84]Thirdly, in order to support up to 32 DL CCs, the aperiodic CSI triggering can be enhanced. One option is to extend the length of RRC configured bitmaps for a CSI reporting set. One other option is to increase the number of CSI request bits in the DCI format, i.e., from 2 bit to 3 bits so that 4 more CSI reporting sets can be configured and reported, to enhance the triggering flexibility. In addition, 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 6:
· Study the enhancements on aperiodic CSI triggering.
· 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.
Conclusions
In this contribution, we discussed the issue related to CSI feedback enhancement for Rel-13 CA. Based on the discussion, we have the following proposals:
Proposal 1: 
· A maximum payload or a maximum number of P-CSI reports is defined for multiplexing of multi-cell P-CSI reports without HARQ-ACK feedback.
· Rel-10 P-CSI priority rule is reused for multiplexing of multi-cell P-CSI reports without HARQ-ACK feedback.
[bookmark: _GoBack]Proposal 2: 
· The multi-cell P-CSI reports are transmitted using the remaining bits after the HARQ-ACK feedback bits (including SR) have been allocated.
Proposal 3:
· Apply convolutional coding for increased number of RI bits.
· Study the compression of RI bits.
Proposal 4:
· Study how to introduce turbo code for large CQI/PMI payloads sizes
Proposal 5:
· Support wideband-only aperiodic CSI report mode.
Proposal 6:
· Study the enhancements on aperiodic CSI triggering.
· 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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