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1 Introduction

In [1], the need for a higher payload PUCCH format for short TTIs has been identified. In this contribution we show simulation results for the different PUCCH formats proposed there.
2 Short sPUCCH format

For a shortened PUCCH format 1A/1B using 2 symbols without frequency hopping, the operating SNR is given in Table 1.

Table 1: Operating SNR of 2 symbol shortened PUCCH format 1A/1B, EPA 3 km/h

	Payload
	Operating SNR

	1 bit
	4.4 dB

	2 bits
	4.9 dB


3 Long sPUCCH format
3.1 PUCCH format 3 based format
To increase coverage for power limited UEs a longer sPUCCH format can be used. If the TTI of PUCCH increases while the PDSCH TTI is kept fixed, the number of HARQ payload per PUCCH transmission increases. We therefore show results for a 7 symbol PUCCH format based on PUCCH format 3. The format uses frequency hopping after 3 symbols, with 1 reference symbol and 2 data symbols in the first 3 symbols, and 1 reference symbols and 2 data symbols in the last 4 symbols. The design uses the (32, O) block code defined in 36.212 Table 5.2.2.6.4-1, rate matched to 48 bits. The output from the block code is modulated using QPSK and an orthogonal cover code is applied similar to PUCCH format 3.

Table 2: Operating SNR of 7 symbol shortened PUCCH Format 3, EPA 3km/h

	Payload
	Operating SNR

	3 bits
	-3.1 dB

	5 bits
	-2.5 dB

	10 bits
	-0.2 dB


Observation 1 Even when considering the increased required HARQ payload for a longer sPUCCH TTI length, the required operating SNR can be decreased significantly by increasing the sPUCCH TTI length.
3.2 PUCCH format 4/5 based format
For carrier aggregation there is a need for a PUCCH format supporting even higher payloads. We use a shortened version of PUCCH format 4 using the LTE tail-biting convolutional code and an 8-bit CRC.  The data and reference symbol pattern, as well as the frequency hopping is the same as for the shortened PUCCH format 3 above.
Table 3: Operating SNR of 7 symbol shortened PUCCH Format 4, EPA 3km/h

	Payload
	Operating SNR

	30 bits
	3.8 dB

	40 bits
	5.3 dB


4 Conclusion

In section 3 we made the following observation:
Observation 2 Even when considering the increased required HARQ payload for a longer sPUCCH TTI length, the required operating SNR can be decreased significantly by increasing the sPUCCH TTI length.
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6 Appendix: Simulation assumptions

Table 4: Link-level simulation assumptions.

	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	TTI length
	2, 7 symbols

	Channel model
	EPA

	UE speed
	3 km/h

	Antenna configuration
	1 Tx, 2 Rx

	CP length
	Normal

	Receiver type
	MMSE

	Channel estimation
	Practical

	Performance metrics
	ACK missed detection probability 1%, NACK-to-ACK error probability 0.1 %, DTX-to-ACK probability 1%
Failed CRC check treats all bits as NACK


7 Appendix: Link-level simulation results
Table 5: EPA, 1 bit, 3km/h

	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	
	4.4
	
	
	
	

	R1-165305 / Ericsson
Without frequency hopping
Reuse legacy PUCCH 1a structure


Table 6: EPA, 2 bits, 3km/h

	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	
	4.9
	
	
	
	

	R1-165305 / Ericsson
Without frequency hopping
Reuse legacy PUCCH 1b structure


Table 7: EPA, 3 bits, 3km/h

	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	
	
	
	
	-3.1
	

	R1-165305 / Ericsson
Frequency hopping
Reuse legacy PUCCH 3 structure


Table 8: EPA, 5 bits, 3km/h

	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	
	
	
	
	-2.5
	

	R1-165305 / Ericsson
Frequency hopping
Reuse legacy PUCCH 3 structure


Table 9: EPA, 10 bits, 3km/h

	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	
	
	
	
	-0.2
	

	R1-165305 / Ericsson
Frequency hopping
Reuse legacy PUCCH 3 structure


Table 10: EPA, 30 bits, 3km/h

	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	
	
	
	
	3.8
	

	R1-165305 / Ericsson
Frequency hopping
Reuse legacy PUCCH 4 structure


Table 11: EPA, 40 bits, 3km/h

	1 symbol
	2 symbols
	3 symbols
	4 symbols
	7 symbols
	14 symbols

	
	
	
	
	5.3
	

	R1-165305 / Ericsson
Frequency hopping
Reuse legacy PUCCH 4 structure
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