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Introduction
In the RAN1#81 meeting, the following agreements were made for the CRC of HARQ-ACK transmission [1].
	Agreements:
1. For a UE that transmits more than 22 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH, 
0. X-bit CRC is included in the HARQ-ACK transmission, X >= 8 
0. Baseline X for evaluation purpose only: X=8
0. Rel-8 TBCC and rate matching is used 
1. FFS for a UE that transmits less than 23 HARQ-ACK/SR bits in a subframe in a CG on either PUCCH or PUSCH


Moreover, the following agreements were also made for the maximum HARQ-ACK codebook size.
	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 share our evaluation results on PUCCH payload size.
Discussions
Figure 1 shows the PUCCH structure candidates for the new PUCCH format for HARQ-ACK transmission for evaluation.
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(a) PUCCH format (PF3) like structure 
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(b) PUSCH like structure
Figure 1. Candidates of new PUCCH structure
Figure 2 shows the required SINR which satisfies ACK miss detection probability < 1% and NACK-ACK error probability < 0.1%. In this evaluation, we assume 8-bit CRC is attached. When eNB fails CRC, the eNB assume all bits as “NACK”. Other detailed evaluation assumptions and bit error rate performances are listed in Table 3 and Figures 4 – 8 in the Annex.
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(a) EPA 3km/h
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(b) ETU 3km/h


Figure 2. Required SINR performances (8 bits CRC)
Observation 1:
· [bookmark: _GoBack]When we assume the PUCCH payload size is more than around 50 bits, PUSCH structure is better performance.

Figure 3 shows the C.D.F. of PUCCH SINR in case of target SNR = 10 dB and 20 dB. Evaluation assumptions are listed in Table 4 in Annex.
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(a) Case 1: All UEs transmit PUCCH on macro frequency
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Macro UEs
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SC UEs

	(c) Case 2: All UEs transmit PUCCH either on macro carrier or small cell carrier, based on RSRP/RSRQ


Figure 3. C.D.F. of PUCCH SINR
By using the evaluation results in Figure 3, average error probability in SCE2a scenario is shown in Table 1 and 2 according to [2].
Table 1. Average error probability in Case 1
	
	
	ACK miss detection probability (< 0.01)

	
	
	Target SNR = 10 dB
	Target SNR = 20 dB

	22 bits (EPA)
	PF3
	0.0164
	0.0611

	
	PUSCH
	0.0196
	0.0660

	32 bits (EPA)
	PF3
	0.0267
	0.0766

	
	PUSCH
	0.0307
	0.0815

	64 bits (EPA)
	PF3
	0.0842
	0.1314

	
	PUSCH
	0.0795
	0.1283

	128 bits (EPA)
	PF3
	0.3038
	0.2677

	
	PUSCH
	0.2470
	0.2343

	192 bits (EPA)
	PF3
	0.6369
	0.4715

	
	PUSCH
	0.2470
	0.2343



Table 2. Average error probability in Case 2
(a) Macro UEs
	
	
	ACK miss detection probability (< 0.01)

	
	
	Target SNR = 10 dB
	Target SNR = 20 dB

	22 bits (EPA)
	PF3
	0.00227
	0.0107

	
	PUSCH
	0.00291
	0.0121

	32 bits (EPA)
	PF3
	0.00431
	0.0150

	
	PUSCH
	0.00524
	0.0165

	64 bits (EPA)
	PF3
	0.0199
	0.0337

	
	PUSCH
	0.0181
	0.0323

	128 bits (EPA)
	PF3
	0.1240
	0.1020

	
	PUSCH
	0.0827
	0.0810

	192 bits (EPA)
	PF3
	0.5060
	0.3105

	
	PUSCH
	0.2519
	0.2343


(b) SC UEs
	
	
	ACK miss detection probability (< 0.01)

	
	
	Target SNR = 10 dB
	Target SNR = 20 dB

	22 bits (EPA)
	PF3
	0.00273
	0.00219

	
	PUSCH
	0.00351
	0.00276

	32 bits (EPA)
	PF3
	0.00524
	0.00404

	
	PUSCH
	0.00636
	0.00485

	64 bits (EPA)
	PF3
	0.0239
	0.0173

	
	PUSCH
	0.0219
	0.0159

	128 bits (EPA)
	PF3
	0.1349
	0.0934

	
	PUSCH
	0.0985
	0.0689

	192 bits (EPA)
	PF3
	0.4873
	0.3244

	
	PUSCH
	0.2581
	0.1752



In the current specification, 22 bits payload can be supported by PUCCH format 3, so the reference performance is set to average error probability 0.07 (i.e., target average error in system-level performance is 7%) which is error rate of 22 bits in PF3-like structure. In this case, it is preferable that the maximum PUCCH payload size is 64 bits when the PUCCH format 3 like structure is applied or 128 bits when the PUSCH like structure is applied.
Moreover, we can see that many cases cannot satisfy 1% ACK miss detection probability. Therefore, further investigation is needed, e.g. multiple-PRB transmission, TPC enhancements, and so on.
 
Proposal:
· The following payload size for new PUCCH format should be considered
· The maximum PUCCH payload size is 64 bits when PUCCH format 3 like structure and 1 PRB are applied
· The maximum PUCCH payload size is 128 bits when PUSCH like structure and 1 PRB are applied
· Further investigation is needed to improve PUCCH performance

Conclusion
In this contribution, we propose:
Proposal:
· The following payload size for new PUCCH format should be considered
· The maximum PUCCH payload size is 64 bits when PUCCH format 3 like structure and 1 PRB are applied
· The maximum PUCCH payload size is 128 bits when PUSCH like structure and 1 PRB are applied
· Further investigation is needed to improve PUCCH performance
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Annex
Table 3 and Table 4 show the evaluation assumptions for link and system level evaluations, respectively.
Table 3. Link level simulation assumptions
	Parameters
	Assumptions / Values

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Channel model
	EPA, ETU

	Velocity
	3 km/h

	Frequency hopping
	At the slot boundary

	Channel coding
	LTE TBCC (Mother coding rate is r = 1/3)

	Channel estimation
	Practical, non-ideal

	Receiver
	Frequency domain MMSE

	PUCCH payload size
	22, 32, 64, 128, 192

	The number of PRBs
	1

	The number of CRC bits
	8

	Performance metric
	ACK miss detection probability & NACK-to-ACK error probability



Table 4. Link level simulation assumptions
	Parameters
	Assumptions / Values

	Scenario
	SCE 2a

	Carrier frequency
	2 GHz for macro cell, 3.5 GHz for small cell

	The number of macro cells
	57 (Hexagonal grid layout, 19 cell sites with 3 sectored cells

	The number of small cell clusters
	1

	The number of small cells within a cluster
	4

	Indoor probability
	80%

	The number of UEs within macro area
	60

	Tx power of eNBs
	46 dBm for macro eNBs, 30 dBm for small cell eNBs

	PO_PUCCH
	Determined so that received SNR is 10 dB or 20 dB

	F, TxD, g(i), h
	0 dB is assumed for all parameters

	The number of interferer
	1 UE from each cell



Figure 4 – 8 show the error probability performances in case of PUCCH payload size. 
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(a) EPA 3km/h
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(b) ETU 3km/h

	Figure 4. Error probability in 22-bit payload size
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(a) EPA 3km/h
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(a) ETU 3km/h

	Figure 5. Error probability in 32-bit payload size
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(a) EPA 3 km/h
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(b) ETU 3 km/h

	Figure 6. Error probability in 64-bit payload size
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(a) EPA 3km/h
	[image: ]
(a) ETU 3km/h

	Figure 7. Error probability in 128-bit payload size
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	(a) EPA 3 km/h
	(b) ETU 3 km/h


Figure 7. Error probability in 192-bit payload size
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