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1 Introduction
In RAN1#81, enhancements on UL control signaling were discussed with the following agreements:

Agreements:
· For a UE that transmits more than 22 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH, 

· X-bit CRC is included in the HARQ-ACK transmission, X >= 8 

· Baseline X for evaluation purpose only: X=8

· Rel-8 TBCC and rate matching is used 

· FFS for a UE that transmits less than 23 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH
Agreements:
· The maximum HARQ-ACK codebook size in the uplink by one UE in one subframe for DL CA of up to 32 CCs is at least 128 bits
· In case of FDD PUCCH cell, the maximum HARQ-ACK codebook size is 64 bits
In this contribution, we show our views on new PUCCH format.

2 Discussion

2.1 Channel structure for PUCCH format
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
The link level performances of structure 1 and 2 are shown in Figure 3~4, and the simulation assumptions are listed in Table 4. Based on the simulation results, the PUSCH channel structure with frequency hopping is proposed for new PUCCH format. 

Proposal 1: PUSCH channel structure with frequency hopping is used for the new PUCCH format.
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Figure 3: HARQ-ACK detection performances of structure 1 and 2 (with frequency hopping)
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Figure 4: Impact of frequency hopping (structure 2)
2.2 Maximum PUCCH payload for single-PRB PUCCH transmission
New PUCCH format is used to support HARQ-ACK and/or periodic CSI feedback. In Rel-8, the performance requirement of periodic CSI transmitted on PUCCH is 1% BLER. In RAN1#81, it was agreed that CRC is included in the HARQ-ACK transmission for new PUCCH format. The required SNR of new PUCCH format 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 which is approximate to 1% BLER [1]. Therefore, the maximum PUCCH payload determined based on HARQ-ACK performance requirement can also be used for periodic CSI or multiplexing of periodic CSI and HARQ-ACK.
Observation 1: The maximum PUCCH payload determined according to HARQ-ACK performance requirement can also be used for periodic CSI or multiplexing of periodic CSI and HARQ-ACK.

Table 1 shows the average ACK-to-NACK error probabilities based on the UL SINR CDF and link level performance curves, as shown in the appendix. When generating the UL SINR CDF as shown in the appendix, the following assumptions were made:
· PUCCH transmit power for cell centre UEs are boosted 10dB than the cell edge UEs, where the cell centre and cell edge UEs are defined as the following
· 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, such a UE is referred to as cell centre UEs, or enhanced power UEs as shown in table 1. The PUCCH power control parameter P0 for such UEs are set such that the received PUCCH power at its serving eNB is 30dB above AWGN; 
· Otherwise, a UE is defined as a cell edge UEs, or non-enhanced power UEs as shown in table 1. The PUCCH power control parameter P0 for such UEs are set such that the received PUCCH power at its serving eNB is 20dB above AWGN.

· UL power limited UEs are not included in the UL SINR CDF.

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

Table 1: Average ACK-to-NACK error probabilities for single-PRB PUCCH transmission

	Scenarios
	UE classes
	Channel

environment
	PUCCH payload size

	
	
	
	128
	144
	160
	176

	Case 1: all UEs belonging to Macro layer
	Enhanced power MUE (18.98%)
	EPA 3km/h
	0.0036
	0.0046
	0.0073
	0.0103

	
	
	ETU 3km/h
	0.0061
	0.0092
	0.0141
	0.0230 

	
	
	ETU 120km/h
	0.0070
	0.0106
	0.0173
	0.0274 

	
	Non-enhanced power MUE (81.02%)
	EPA 3km/h
	0.1535
	0.1766
	0.2306 
	0.2803 

	
	
	ETU 3km/h
	0.1923
	0.2381
	0.2866 
	0.3553 

	
	
	ETU 120km/h
	0.2020
	0.2496
	0.3056 
	0.3621 

	Case 2: UE belonging to Macro layer or Scell layer
	Enhanced power MUE (44.64%)
	EPA 3km/h
	0.0002
	0.0003
	0.0009
	0.0019

	
	
	ETU 3km/h
	0.0012
	0.0024
	0.0055
	0.0113

	
	
	ETU 120km/h
	0.0017
	0.0034
	0.0075
	0.0154

	
	Non-enhanced power MUE (55.36%)
	EPA 3km/h
	0.0610
	0.0742
	0.1042 
	0.1425 

	
	
	ETU 3km/h
	0.0856
	0.1159
	0.1507 
	0.2048 

	
	
	ETU 120km/h
	0.0918
	0.1244
	0.1662 
	0.2144 

	
	Enhanced power LUE (37.75%)
	EPA 3km/h
	6.65E-05
	1.38E-04
	5.35E-04
	1.25E-03

	
	
	ETU 3km/h
	0.0010
	0.0021
	0.0047
	0.0102

	
	
	ETU 120km/h
	0.0014
	0.0029
	0.0067
	0.0142

	
	Non-enhanced power LUE (62.25%)
	EPA 3km/h
	0.0546
	0.0689
	0.1064 
	0.1466 

	
	
	ETU 3km/h
	0.0816
	0.1152
	0.1550 
	0.2139 

	
	
	ETU 120km/h
	0.0884
	0.1245
	0.1718 
	0.2243 


Based on the above analysis, the following observation can be made:

· In both case 1 and case 2 as defined in [4] and all the simulated channel environments, enhanced power UEs in both macro and small cells can support up to 144-bit HARQ-ACK feedback information, and the ratio of enhanced power UEs is about 18.98%~44.64% depending on the scenarios.
· In case 2, enhanced power UEs in both macro and small cells can support up to 160-bit HARQ-ACK feedback information. 
· In case 2, enhanced power UEs in small cells can support up to 176-bit HARQ-ACK, if only low speed scenario for small cells is to be considered. 
Based on the above observations, we having following observation:

Observation 2: The maximum PUCCH payload for single-PRB PUCCH transmission should be larger than 128 bits, which can be up to 160 or 176bits, depending on the scenarios. 
On the other hand, since Rel-8 TBCC and rate match are used by new PUCCH format, all the payloads which are less than 280 bits can be supported by new PUCCH format with structure 1 (i.e. 288 coded bits, and 8-bit CRC) in theory. When up to 32 CCs are aggregated, there will be a wide range for the required maximum numbers of UCI bits in one subframe, especially for TDD Pcell case, as shown in Table 2. Furthermore, the range will be extended, if multiplexing of multi-CC periodic CSI reports with/with HARQ-ACK is supported. 
Therefore, it is beneficial in terms of UCI transmission efficiency, if the maximum PUCCH payload size can be UE specifically configured by the eNB, especially for multiplexing of multi-CC periodic CSI reports with/with HARQ-ACK [6], according to the UE UL SINR, the number of configured CCs, the TDD UL-DL configurations, etc.
Table 2: The maximum number of HARQ-ACK bits for up to 32 CCs with TDD as PCell

	TDD PCell UL-DL configuration
	TDD CA with same UL-DL configuration
	TDD CA with different TDD configurations
	TDD-FDD CA

	
	With spatial bundling
	Without spatial bundling
	With spatial bundling*
	Without spatial bundling*
	With spatial bundling
	Without spatial bundling

	0
	32
	64
	125/280
	250/560
	63
	126

	1
	64
	128
	126/281
	252/562
	95
	190

	2
	128
	256
	252/283
	504/566
	159
	318

	3
	96
	192
	251/282
	502/564
	189
	378

	4
	128
	256
	252/283
	504/566
	190
	380

	5
	288
	576
	257/288
	514/576
	319
	638

	6
	32
	64
	125/280
	250/560
	63
	126


*(x/y): y is the maximum number of HARQ-ACK bits when TDD UL-DL configuration 5 is used by SCells; otherwise, the maximum number is x.
Proposal 2: The maximum number of PUCCH payload should be UE specifically configured.
2.3 Multi-user multiplexing in a same PRB for the new PUCCH format
As discussed above, the range of the number of UCI bits to be transmitted in a new PUCCH format is wide. Always using a single PUCCH format for different UCI payload sizes will lead to excessive PUCCH overhead. Therefore, multi-user multiplexing in a single PRB shall be supported in the design of new PUCCH format. Multiple spreading factors can be introduced for different UCI payload sizes. For the lager UCI payload case, spreading factor can be set to 1. The PUCCH transmission using different spreading factor can be allocated to different PRBs. One example is shown in Figure 5.

Proposal 3: Multiple spreading factors should be supported by new PUCCH format. 
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Figure 5: Different spreading factors are used on different PRB pairs
2.4 Multi-PRB PUCCH transmission 

For non-power-limited UEs, more UCI bits can be transmitted when one PUCCH is transmitted in multiple PRBs. Figure 6 shows the UE transmit power CDF with the same scenarios and assumptions as in section 2.2. It can be seen that:
· For macro UEs, the percentage of UL power limited UEs is increased by up to 10% for both case 1 and case 2 when multi-PRB (i.e. 2-PRB transmission) transmission is used.
· For small cell UEs in case 2, no power limitation issue is observed even when a single PUCCH is transmitted in two RBs. 
Therefore, multi-PRB PUCCH transmission can be supported at least for small cell UEs. As shown in table 3, we can see quite some cases where the 1% ACK-to-NACK error target can be achieved by two-PRB or three-PRB PUCCH transmission. Details for multi-PRB PUCCH transmission can be further studied.
Proposal 4: A single PUCCH transmitted in at least two PRBs can be supported. 
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a. Case 1 (single-PRB transmission in left, and two-PRB transmission in right)
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b. Case 2 (single-PRB transmission in left, and two-PRB transmission in right)
Figure 6: UE transmit power CDF
Table 3: Average ACK-to-NACK error probabilities for multi-PRB PUCCH transmission (256 bits)
	
	
	
	2 PRBs
	3 PRBs

	Case 1: all UEs belonging to Macro layer
	Enhanced power MUE (18.98%)
	EPA 3km/h
	0.0034 
	0.0011 

	
	
	ETU 3km/h
	0.0181 
	0.0120 

	
	
	ETU 120km/h
	0.0206 
	0.0139 

	Case 2: UE belonging to Macro layer or Scell layer
	Enhanced power MUE (44.64%)
	EPA 3km/h
	1.40E-04
	2.90E-05

	
	
	ETU 3km/h
	0.0112 
	0.0087 

	
	
	ETU 120km/h
	0.0124 
	0.0100 

	
	Enhanced power LUE (37.75%)
	EPA 3km/h
	4.60E-05
	1.30E-05

	
	
	ETU 3km/h
	0.0106 
	0.0084 

	
	
	ETU 120km/h
	0.0120 
	0.0098 


3 Conclusions
In this contribution, we discuss new PUCCH format to support up to 32 DL CCs with the following observations and proposals:

Observation 1: The maximum PUCCH payload determined according to HARQ-ACK performance requirement can also be used for periodic CSI or multiplexing of periodic CSI and HARQ-ACK.

Observation 2: The maximum PUCCH payload for single-PRB PUCCH transmission should be larger than 128 bits, which can be up to 160 or 176bits, depending on the scenarios. 
 Proposal 1: PUSCH channel structure with frequency hopping is used for the new PUCCH format.
Proposal 2: The maximum number of PUCCH payload should be UE specifically configured.

Proposal 3: Multiple spreading factors should be supported by new PUCCH format. 

Proposal 4: A single PUCCH transmitted in at least two RBs can be supported. 
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5 Appendix

Table 4: Link level simulation assumptions
	Parameter
	Values

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz, 10MHz

	Antenna configuration
	1 Tx, 2 Rx

	Channel
	EPA 3km/h, EPA 5km/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 4: UL SINR CDF
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Figure 5: Link level results of new PUCCH format
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