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1. Introduction

At RAN1 #62b the basic structure of PUCCH format 3 was agreed. For the PUCCH format 3 in case of extended CP a working assumption was made that should be confirmed pending the discussion of TxD.

Extended CP: Working assumption until RAN1#62bis for RS in symbol #3, to be confirmed depending on outcome of TxD discussion. 
When studying the gain of having more than 1 RS per slot in PUCCH format 3 in extended CP, the main interest to study is how it would affect the multiplexing capability and the resulting link level performance.
2. PUCCH format 3 in ECP subframes

The current working assumption for PUCCH format 3 with extended CP is illustrated in Figure 1, and Figure 2 illustrates the PUCCH format 3 design with 2 RS per slot that is similar to normal CP design.
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Figure 1: PUCCH format 3 with SF=5 in extended CP subframes

[image: image2.emf]DFT DFT DFT DFT

X

MOD

Scrambling

Encoding

X X X

X

)1 ( ),..., 0(

RB

sc

 N d d

)0(w

)1 2( ),..., (

RB

sc

RB

sc

 N d N d

)0(w

)1(w )2(w )3(w

ZC

IFFT IFFT IFFT IFFT IFFT IFFT

DFT DFT DFT DFT

X X X X

X

ZC

IFFT IFFT IFFT IFFT IFFT IFFT

)0(w

X

)1(w

ZC

X

ZC

)0(w

)1(w )2(w )3(w

)1(w


Figure 2: PUCCH format 3 with SF=4 in extended CP subframes
3. Performance Evaluation

We evaluate the performance of Format 3 PUCCH configurations described in Section 2. Simulation assumptions and detailed performance plots are provided in the Appendix. The required operating SNR for these different schemes are determined based on the following performance requirements:

· 
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· Pr(NAK or DTX bits → ACK bits) ≤ 10‒3
· If the UE transmits a CA PUCCH based on a slowly adapted codebook, NAK and DTX are both represented by the same bit value (0).

· Pr(ACK bits → NAK bits or DTX) ≤ 10‒2
The receiver detection thresholds are set such that Freq(PUCCH DTX → ACK bits) = 10‒2. The operating SNRs are taken as the larger of those required for achieving Pr(ACK bits → NAK bits or DTX) = 10‒2 and Pr(NAK or DTX bits → ACK bits) = 10‒3. The performance is summarized in Figure 3 and Figure 4. 

We observe based on the results in Figure 3 and Figure 4 that below 7 ACK/NACK bits the performance gain is above or around 1 dB by introducing two RS per slot. For 7 ACK/NACK bits and above the gain is smaller however there is always a gain for all the evaluated payload sizes by introducing 2 ACK/NACK bits per slot. If extended CP is used together with TxD it will also be possible to increase the multiplexing capability to 4 UEs per RB assuming 
[image: image4.wmf]2

PUCCH

shift

=

D

 if an orthogonal cover is introduced.
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Figure 3: Required operating SNR for Format 3 with SF=4 or 5 for 5 MHz, ETU 3 km/hr channel.
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Figure 4: Required operating SNR for Format 3 with SF=4 or 5 for 5 MHz, ETU 120 km/hr channel.

4. Conclusions

In this contribution, we provided performance comparison of 

· Proposal 1: Adopt 2 RS symbols per slot for the DFTS-OFDM format for extended CP

· Proposal 2: RS:s are located at OFDM symbol number 1 and OFDM symbol number 4 in the DFTS-OFDM format for extended CP
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5. Appendix 

In this Appendix, the link performance of the proposed transmit diversity coding is provided. Simulation assumptions are listed in Table 1. Performance plots for ETU, 3km/hr cases are provided. Pr(ACK bits → NAK bits or DTX) is plotted in solid lines and Pr(NAK or DTX bits → ACK bits) is plotted in dashed lines.
Table 1 Link evaluation assumptions.
	Parameters
	Value

	carrier frequency
	2.0 GHz

	bandwidth,
channel model,

UE speed
	5 MHz, ETU, 3 km/hr

5 MHz, ETU, 120 km/hr

	frequency hopping
	at slot boundary

	antenna setup
	1T2R

	RX antenna correlation
	Uncorrelated

	CP type
	normal and extended CP

	signal bandwidth
	180 kHz

	number of UEs
	1

	number of PRB for PUCCH
	1

	noise estimation
	Ideal
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	channel estimation
	Practical

	RX false alarm detection threshold
	Set such that Freq(PUCCH DTX → ACK bits) = 10‒2
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