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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 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 1: Existing LTE convolutional coding and rate matching is used by new PUCCH format(s).
2.2 Channel structure for PUCCH format(s)
The PUSCH channel structure can be used for new PUCCH format. With QPSK, 288 coded bits can be transmitted in one RB pair. 
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Figure 1: PUSCH channel structure

Link level simulation results are shown in Figure 2. Assuming a UE aggregates more than 5 CCs and is scheduled on multiple CCs, the likelihood of missing all DL grants is small. Hence, DTX detection is not performed in the simulation. 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 can be considered:

· Option 1: No CRC for HARQ-ACK bits. Assuming DTX is not performed, the required SNR is determined according to 0.1% NAK-to-ACK error (i.e. 0.1% BER). Note that at this required SNR, the resultant ACK-to-NAK error is also 0.1%, which exceeds the ACK missing probability requirement of 1%. 
· Option 2: With CRC for HARQ-ACK bits. Assuming CRC is attached to the HARQ-ACK information bits and the eNB treats all HARQ-ACK as NAK if CRC check fails, the required SNR to meet the HARQ-ACK performance requirements (i.e. 1% ACK missing and 0.1% NAK-to-ACK) can be determined according to the required SNR of 1% ACK-to-NAK error. Note that CRC check can serve the purpose of DTX detection. Therefore, ACK missing probability (comprising ACK-to-NAK error and ACK-to-DTX error) is equivalent to ACK-to-NAK error, i.e. there is no ACK-to-DTX error. With CRC, the NAK-to-ACK error can happen only if a false CRC pass occurs. However, false CRC pass is of very rare occasion given that the UE transmits HARQ-ACK. Furthermore, with 8-bit CRC, the DTX-to-ACK error is approximately 2-8 = 0.4% at low SNR.
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Figure 2: HARQ-ACK detection performances 
Figure 2 shows the required SNR for 0.1% BER without CRC and 1% ACK-to-NAK error with 8-bit CRC. The following observations can be made:

· The required SNR with 8-bit CRC to meet the HARQ-ACK performance requirements is lower than the required SNR without CRC.
Proposal 2: 8-bit CRC shall be included for HARQ-ACK feedback.
2.3 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. 

It has been discussed in RAN1#80bis that the HARQ-ACK performance shall be evaluated based on the link level performance and the UL SINR CDF [2][4]. Table 1 shows the average ACK-to-NACK error probabilities based on the UL SINR CDF and link level performance curves, shown in the appendix. When generating the UL SINR CDF as shown in the appendix, the following assumptions are made:
· If the total large scale fading gain between a UE’s serving cell and its second strongest cell on the same carrier is larger than 15dB, then the PUCCH power control parameter P0 for the UE is set such that the received PUCCH power at its serving eNB is 30dB above AWGN (such a UE is referred to as enhanced power UE); otherwise, the PUCCH power control parameter P0 for the UE is set such that the received PUCCH power at its serving eNB is 20dB above AWGN (such a UE is referred to as non-enhanced power UE).

· UL power limited UEs are not included in the UL SINR CDF. We note that the percentage of UL power limited UEs is small for SCE2a, i.e. ~11% among all UEs in case 1 and ~2% among macro UEs in case 2. 

· Other simulation assumptions are done according to [4].

The following observations can be made:

· In both case 1 and case 2 as defined in [4], enhanced power UEs can support up to 128-bit HARQ-ACK feedback information for both macro UE (i.e. MUE) and small cell UE (i.e LUE), and the ratio of enhanced power UEs is about 19.44%~37.18% depending on the scenarios.
· In case 1, non-enhanced power UEs cannot support even 22-bit HARQ-ACKs. Additional mechanism such as frequency domain ICIC may be needed in order to support more HARQ-ACK feedback bits.
· In case 2, for non-power enhanced UEs connected to either macro or small cell, up to 32-bit HARQ-ACKs can be supported. Considering the maximum number of aggregated DL CCs is 32, frequency-domain HARQ-ACK bundling is not needed. However, for TDD, additional time-domain bundling should be defined with the target of one feedback bit per CC [5].
Based on the above observations, we having following proposals:

Proposal 3: The maximum PUCCH payload should be at least 128 bits.
Table 1: Average ACK-to-NACK error probabilities
	
	22 bits
	32 bits
	64 bits
	128 bits

	Case 1: all UEs belonging to Macro layer
	Enhanced power MUE
(19.44%)
	EPA 3km/h
	7.58E-06
	1.19E-05
	9.31E-05
	0.0011

	
	
	ETU 3km/h
	2.27E-05
	4.74E-05
	0.0003
	0.0033

	
	
	ETU 120km/h
	1.58E-05
	5.49E-05
	0.0004
	0.0041

	
	Non-enhanced power MUE
(80.56%)
	EPA 3km/h
	0.0166
	0.0223
	0.0547
	0.1866

	
	
	ETU 3km/h
	0.0200
	0.0275
	0.0708
	0.2376

	
	
	ETU 120km/h
	0.0203
	0.0282
	0.0749
	0.2493

	Case 2: UE belonging to Macro layer or Scell layer
	Enhanced power MUE
(37.18%)
	EPA 3km/h
	5.19E-06
	8.29E-06
	5.67E-05
	0.0007

	
	
	ETU 3km/h
	1.17E-05
	2.45E-05
	0.0002
	0.0020

	
	
	ETU 120km/h
	9.46E-06
	2.83E-05
	0.0002
	0.0025

	
	Non-enhanced power MUE
(62.82%)
	EPA 3km/h
	0.0042
	0.0063
	0.0149
	0.0561

	
	
	ETU 3km/h
	0.0057
	0.0084
	0.0200
	0.0820

	
	
	ETU 120km/h
	0.0058
	0.0087
	0.0212
	0.0887

	
	Enhanced power LUE
(27.74%)
	EPA 3km/h
	7.18E-06
	1.23E-05
	8.23E-05
	0.0009

	
	
	ETU 3km/h
	1.52E-05
	3.29E-05
	0.0002
	0.0024

	
	
	ETU 120km/h
	1.36E-05
	3.72E-05
	0.0003
	0.0029

	
	Non-enhanced power LUE
(72.26%)
	EPA 3km/h
	0.0015
	0.0029
	0.0130
	0.0707

	
	
	ETU 3km/h
	0.0024
	0.0046
	0.0195
	0.1013

	
	
	ETU 120km/h
	0.0024
	0.0048
	0.0212
	0.1088


3 Conclusions
In this contribution, we discuss the HARQ-ACK transmission to support up to 32 DL CCs with the following proposals:

Proposal 1: Existing LTE convolutional coding and rate matching is used by new PUCCH format(s).
Proposal 2: 8-bit CRC shall be included for HARQ-ACK feedback.

Proposal 3: The maximum PUCCH payload should be at least 128 bits.
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5 Appendix

Table 2: Link level simulation assumptions
	Parameter
	Values

	Carrier frequency
	2.0GHz

	System bandwidth
	10MHz

	Antenna configuration
	1 Tx, 2 Rx

	Channel
	EPA 3km/h, ETU 3km/h and 120 km/h

	Channel estimation
	MMSE

	Channel coding
	LTE convolutional coding and rate matching

	CRC length
	8 bits
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Figure 3: UL SINR CDF
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Figure 4: Link level results of new PUCCH format
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