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1 Introduction
In RAN1#80, necessary enhancements on UL control signaling for supporting up to 32 component carriers was discussed with the following observations:

· One or more new PUCCH format for increasing PUCCH payload capacity including considerations on UL overhead

· Details FFS including but not limited to

· Supported payload size(s)

· Channel coding

· Detailed structure of the new format

In this contribution, we discuss the new PUCCH format(s) to support up to 32 component carriers.

2 Discussion

2.1 Maximum PUCCH payload
In Rel-10, to determine the maximum number of TDD HARQ-ACK feedback bits, TDD UL-DL configuration 2 with spatial bundling is assumed as the target configuration. For Rel-10 FDD CA, one HARQ-ACK feedback bit per PDSCH transport block is supported. For Rel-13 CA, the same principles as Rel-10 can be kept, i.e. up to 64 and 128 HARQ-ACK feedback bits are supported for FDD and TDD respectively. 
However, the UL SINR CDF impacts the design of the maximum PUCCH payload [1]. We propose the maximum PUCCH payload should be decided based on the link level performances of the new PUCCH format(s) and UL SINR CDF.
Proposal 1: The maximum PUCCH payload should be decided based on the link level performances of the new PUCCH format(s) and UL SINR CDF.

2.2 Channel coding

Considering the range of UCI payload, LTE convolutional coding is proposed. After convolutional coding, rate matching is needed. Current rate matching for convolutionally coded transport channels and control information can be directly used.

Proposal 2: Exciting LTE convolutional coding and rate matching is used by new PUCCH format(s).
2.3 DMRS pattern for PUCCH format(s)
The following two alternative channel structures of new PUCCH format can be considered:

· Structure 1: PUSCH based structure
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Figure 1: Structure 1 – PUSCH based structure

· Structure 2: PUCCH format 3 based structure
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Figure 2: Structure 2 – PUCCH format 3 based structure
With QPSK, 288/240 coded bits can be transmitted in one RB pair by the above structures. With the same payload, Structure 1 has advantage on the lower coding rate. On the other hand, Structure 2 has two RSs in one slot, thus higher accuracy of channel estimation can be obtained.
Simulation results for structure 1 and structure 2 are shown in Figure 3. Assuming a UE aggregated more than 5 CCs and are scheduled on multiple CCs, the likelihood of missing all DL grant is small. Hence, DTX detection is not performed in the simulation. Since Rel-8, the target HARQ-ACK detection performance is that ACK missing probability is 1% and NAK-to-ACK error is 0.1%. With more HARQ-ACK feedback bits when aggregating up to 32 CCs, the following HARQ-ACK performance target can be considered:

· Possible target requirement 1: Assuming no CRC attached to the HARQ-ACK information bits, the required SNR is 0.1% BER, considering convolutional coding is used. In this case, both the ACK-to-NAK and NAK-to-ACK BER is 0.1%. Note that assuming no DTX detection, ACK missing error is the same as the ACK-to-NAK error.
· Possible target requirement 2: Assuming CRC is attached to the HARQ-ACK information bits, the required SNR is 1% BLER. If CRC fails, then the eNB shall treat all decoded HARQ-ACK as NAK. In this case, the ACK-to-NAK error is 1%, given that the target BLER is 1%. Furthermore, the NAK-to-ACK error is 0.
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Figure 3: HARQ-ACK detection performances 
Figure 3 shows the required SNR for 0.1% BER without CRC and 1% BLER with 8-bit CRC, for both structure 1 and structure 2. The following observations can be made:

· Structure 1 has better performance than structure 2 when the HARQ-ACK payload size is larger, and structure 2 outperforms structure 1 when the HARQ-ACK payload size relatively small.

· With possible target requirement 2, i.e. 8-bit CRC and 1% BLER, the required SNR is lower than possible target requirement 1, i.e. no CRC and 0.1%BER.

Proposal 3: 8-bit CRC shall be included for HARQ-ACK feedback and the required SNR is determined by 1% BLER.
Proposal 4: The decision of DMRS pattern for new PUCCH format(s) should consider the maximum number of PUCCH payload.

2.4 Multiplexing capacity
To support up to 32 DL CCs, the range of the number of HARQ-ACK feedback payload will be wide. Using a single PUCCH format for different HARQ-ACK payload sizes will lead to excessive PUCCH overhead. Therefore, new PUCCH format(s) shall support multiplexing. To increase the multiplexing capacity, multiple spreading factors can be applied on different PRB pairs to support different payload. With larger HARQ-ACK feedback payload, spreading factor can be set to 1. One example is shown in Figure 4.

Proposal 5: New PUCCH format(s) shall support multiplexing.
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Figure 4: Different spreading factors are used on different PRB pairs
3 Conclusions
In this contribution, we discuss the HARQ-ACK transmission to support up to 32 DL CCs with the following proposals:

Proposal 1: The maximum PUCCH payload should be decided based on the link level performances of the new PUCCH format(s) and UL SINR CDF.
Proposal 2: Exciting LTE convolutional coding and rate matching is used by new PUCCH format(s).
Proposal 3: 8-bit CRC shall be included for HARQ-ACK feedback and the required SNR is determined by 1% BLER.

Proposal 4: The decision of DMRS pattern for new PUCCH format(s) should consider the maximum number of PUCCH payload.

Proposal 5: New PUCCH format(s) shall support multiplexing.

4 References
[1]. Email discussion [80-2]
[2]. R1-151347, “UL SINR CDF for CA enhancement,” CATT
5 Appendix

	Parameter
	Values

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	Antenna configuration
	1 Tx, 2 Rx

	Channel
	EPA 5km/h, ETU 120 km/h

	Channel estimation
	MMSE

	Channel coding
	LTE convolutional coding and rate matching








PAGE  

_1483269628.vsd
�

�

D1


Time


Frequency


RS


D2


R3�

D4


RS


D5


D6


RS


D7


D8�

D9


RS


D10


Slot 0


Slot 1


[D1,D2,...,D12]: ACK/NACK symbols



_1483269686.vsd
�

�

D1


Time


Frequency


D2


D3


RS�

D4


D5


D6


D7


D8


D9


RS�

D10


D11


D12


Slot 0


Slot 1


[D1,D2,...,D12]: ACK/NACK symbols



_1482835963.vsd
文本�

SF=6


SF=3


SF=2


SF=2


SF=3


SF=6


……


SF=1


SF=1


Time


Frequency


�

PRB



