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1 Introduction

In this contribution we discuss our views on the remaining details coding and resources used for CSI encoding in connection with CA. 
2 Discussion

2.1 RI transmission

Rel-10 supports up to 8 layers transmission in downlink per component carrier. This results in that the total number of reportable rank indicator bits are 15, assuming that no bundling of the rank indicator bits is considered. It as has been agreed that in case of coding 12-15 bits of RI bits the dual RM code shall be used. For coding of rank and A/N it has been agreed that in case of 3-11 bits the RM code should be utilized and incase of 12-15 bits the dual RM code should be utilized. There has however not been any agreement on the exact number of reported RI bits in case of CA. 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. For ACK/NACK bits full ACK/NACK bit multiplexing is supported in FDD and TDD, supporting reporting up to 20 A/N bits. Given that ACK/NACK supports reporting bits in the range of up to 20 bits, it seems natural to support RI reporting up to 15 bits. 

Proposal:
· Up to 3 bits of RI can be reported per component carrier. 

· No bundling of the RI bits is performed.

If multiple RI reports are reported in the same PUSCH transmission they need to be ordered in a pre-determined manner so that the eNB and UE has the same understanding. Similar to how the A/N bits for PUCCH format 3 is ordered the RI should also be ordered based on increasing cell index.

Proposal:

· Multiple RI reports are ordered according to increasing cell index
2.2 CQI transmission

For Rel-10 the CQI/PMI reports will grow in size based on the agreements during RAN1 #63 meeting, since it will be possible in Rel-10 to report aperiodic CSI reports for all activated component carriers on a single PUSCH transmission. In Rel-8/9 the aperiodic CSI (up to 72 bits payload) is coded with the convolutional code. With the increase in CQI/PMI payload sizes due to carrier aggregation there is also a need to study if there is gain of using turbo codes for CQI/PMI at this large payload sizes. In the appendix simulation results are provided for turbo coding and convolutional coding with the sizes of 72, 144, 216, 288 and 360 bits. The simulations are performed with an AWGN channel and a summary of the results are also shown in Table 1 and Table 2.

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


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 is 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 1to ~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. A possibility would be to set the limit higher than what corresponds to the highest CQI/PMI payload for 2 component carriers of a total of 40 MHz. This would set the switching point at 148 bits excluding the CRC, corresponding to a rank=2 CQI/PMI report with TM9 in case of 8 TX.

Proposal:

· Use turbo code for CQI/PMI payloads larger than 148 bits (excluding CRC)

In case the turbo code is used to encode CQI/PMI, similarity with PUSCH data is wanted, in order to reuse the PUSCH implementation as much as possible. Consequently it would be beneficial to apply one of the two CRC polynomials that are used for data on PUSCH. No retransmissions are supported with CQI/PMI so the redundancy version should be fixed to rv0. Similar to PUSCH the soft buffer size should be set to 
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. Finally, the G in section 5.1.4.1.2 in ‎[1] shall correspond to QCQI in section 5.2.2.6 and section 5.2.4.1 in ‎[1].
Proposal:

· In case turbo coding is applied for CQI/PMI:

· the 24 bit CRC gCRC24A(D) in section 5.1.1 in 36.212 is applied,

· rv0 is used,

· 
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· G in section 5.1.4.1.2 in 36.212 corresponds to QCQI in section 5.2.2.6 and section 5.2.4.1 in 36.212.
The CQI/PMI reports from different CCs needs to be ordered in some determined way. The simplest would be to order them in increasing order of cell index. Periodic and aperiodic CSI should be treated in the same way so that in general CSI are ordered in increasing cell index order. 

Proposal:

· Multiple CQI/PMI reports shall be ordered in increasing cell index order

3 Conclusion
In this contribution we discuss the remaining issues of CSI on PUSCH in a context of carrier aggregation, based on the discussion in this contribution we propose:

· Up to 3 bits of RI can be reported per component carrier. 

· No bundling of the RI bits is performed.

· Multiple RI reports are ordered according to increasing cell index
· Use turbo code for CQI/PMI payloads larger than 148 bits (excluding CRC)

· In case turbo coding is applied for CQI/PMI the 24 bit CRC gCRC24A(D) in section 5.1.1 in 36.212 is applied.

· In case turbo coding is applied for CQI/PMI rv0 is used

· Multiple CQI/PMI reports shall be ordered in increasing cell index order

Reference
[1] 3GPP TS 36.212 E-UTRA: Multiplexing and channel coding V10.0.0
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Figure 1: Turbo code and convolution code performance for 72 bits
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Figure 2: Turbo code and convolution code performance for 144 bits
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Figure 3: Turbo code and convolution code performance for 216 bits
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Figure 4: Turbo code and convolution code performance for 288 bits
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Figure 5: Turbo code and convolution code performance for 360 bits
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