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1. [bookmark: _Ref298777854]Introduction
In [1], the need for a higher payload PUCCH format for short TTIs has been identified. In this contribution we discuss the design of such a format, and show simulation results for different TTI lengths and bandwidths.

1. Format design
For higher payloads, design options for a new PUCCH format are more limited than for shorter payloads. For very short TTIs, a design based on PUCCH format 2 does not work well, since the block length of the error correcting code is equal to the number of OFDM symbols used for data. Therefore we suggest a design similar to PUCCH format 4, using QPSK modulated DFT-spread OFDM with one reference symbol used for data. For lower payloads we use the same error correcting code used for PUCCH format 3, i.e., one or two branches of a (32, 14) block code depending on the number of information bits. We also evaluate the scheme used for PUCCH format 4, i.e. the Rel. 8 TBCC with an additional CRC on the information bits. In both cases we use rate matching to use all available REs.

Link-level evaluations
For all link-level evaluations we show the SNR required to satisfy the performance criteria listed in the appendix. If a CRC is used, and the decoded codeword does not pass the CRC check, all decoded bits are treated as NACKs. In the figures, the operating SNR for bandwidths higher than 1 PRB has been adjusted to obtain equal transmit power independent of the transmission bandwidth (i.e., regardless of the number of used PRBs) in order to easier determine the effect of the different code rates for different bandwidths.
[image: ]
Figure 1: Required operating SNR to satisfy A/N criteria for PUCCH Format 3 block code.
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[bookmark: _Ref447220369]Figure 2: Required operating SNR to satisfy A/N criteria for Rel. 8 TBCC + 8 bit CRC
From the simulation results we note that increasing the number of PRBs stops being beneficial for power limited UEs after a certain point. Consider the curves for the 2 symbol TTI in Figure 2. Increasing the number of PRBs from 2 to 3 shows a gain of several dBs for 20 information bits, but further increasing it to 4 PRBs is not as beneficial. This is due to the rate matching, where using only 2 PRBs results in too many punctured bits compared to 3 PRBs.
Increasing the number of PRBs is not always beneficial for power limited UEs.

1. Summary
In this contribution we have showed link level evaluations for a sPUCCH format design capable of carrying hig payloads. We have made the following observations:
1. Increasing the number of PRBs is not always beneficial for power limited UEs.
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Appendix
PUCCH link-level simulation assumptions
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	TTI length
	2/3/4/7 symbols

	Channel model 
	EPA

	UE speed
	3km/h

	Antenna configuration
	1Tx(UE), 2Rx(eNB)

	CP length
	Normal

	Shortened PUCCH design
	Shortened PUCCH Format 4 with TBCC+CRC or PUCCH Format 3 block code

	Receiver type
	Practical

	Channel estimation
	Practical

	Performance metrics
	ACK missed detection probability (1%), NACK-to-ACK error probability (0.1%);  DTX-to-ACK probability 1%; CRC fail is treated as all NACKs
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Rel. 8 TBCC + 8 bit CRC

2 symbols, 2 PRBs

2 symbols, 3 PRBs

2 symbols, 4 PRBs

2 symbols, 5 PRBs

3 symbols, 1 PRB

3 symbols, 2 PRBs

3 symbols, 3 PRBs

4 symbols, 1 PRB

4 symbols, 2 PRBs

4 symbols, 3 PRBs

7 symbols, 1 PRB
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PUCCH Format 3 block code

2 symbols, 1 PRB

2 symbols, 2 PRBs

2 symbols, 3 PRBs

3 symbols, 1 PRB

3 symbols, 2 PRBs

3 symbols, 3 PRBs

4 symbols, 1 PRB

4 symbols, 2 PRBs

4 symbols, 3 PRBs

7 symbols, 1 PRB


