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1. Introduction

The present contribution provides performance comparison of transmit diversity coding proposals [5]

 REF _Ref270321597 \r \h 
[6]

 REF _Ref270325781 \r \h 
[7] for Format 3 PUCCH based on DFT-S-OFDM.

2. Transmit Diversity for Format 3 PUCCH Data Symbols

2.1. Frequency Switch Transmit Diversity
Frequency switch transmit diversity coding is proposed for the Format 3 PUCCH data symbols in [5].
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Figure 1 Frequency switch transmit diversity coding for the data symbols [5].
2.2. Time-Domain Alamouti Coding
Time-domain Alamouti transmit diversity coding for the Format 3 PUCCH data symbols is proposed as scheme 0 in [6]. 
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Figure 2 Time-domain Alamouti diversity coding for the data symbols [6].
2.3. Frequency-Domain Alamouti Coding

In [7], Alamouti transmit diversity coding in the frequency domain is proposed for the Format 3 PUCCH data symbols. More specifically, the low-CM Alamouti coding method [8] is adopted on antenna port 1.
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Figure 3 Frequency-domain Alamouti diversity coding for the data symbols on antenna port 1 [7].
2.4. SORTD

Two orthogonal spreading codes (
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 for ECP) are assigned to a UE to support P=2 SORTD [1].
3. Demodulation Reference Signal for Format 3 PUCCH Transmit Diversity

A total of P demodulation RS signals for Format 3 PUCCH as described in [4] are configured, each corresponding to one antenna port. All transmit diversity coding proposals are tested with identical RS signals.

With 
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 in normal CP subframes, there are 12 RS sequences available, assuming OCC for RS (the working assumption from RAN1 #62 not to use RSS applies to the non-TxD case). For the first three TD schemes, the numbers of UEs that can be multiplexed on the same RB are 5 for P=1 and 2. With 
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 in extended CP subframes, there are 6 RS sequences available. For the first three TD schemes, the numbers of UEs that can be multiplexed on the same RB are 5 and 3 for P=1 and 2, respectively. For the SORTD scheme, multiplexing capacity is reduced by half, i.e. 2 for P=2.

4. Performance Evaluation

We evaluate the performance of the transmit diversity scheme for the Format 3 PUCCH 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 transmit a CA PUCCH based 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 threshold are set such that Freq(PUCCH DTX → ACK bits) = 10‒2. The operating SNRs is 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 of the transmit diversity scheme is summarized in Figure 4 and Figure 5. 

It can be observed that link performance gains of around 2—2.5 dB can be obtained in low-diversity channel environment. In diversity-rich channel environments, link performance gains range from 0.3—1 dB depending the payload size. It can be further observed that performance differences among the different transmit diversity proposals (other than SORTD) are small. The SORTD scheme shows slightly better performance than the other schemes but suffers from heavy loss of multiplexing capacity. 

It’s further noted that higher computational complexity is required at the eNB to untangle the Alamouti coded signals. The irregular structure of the low-CM frequency-domain Alamouti is also less amenable to vectorized signal processing. Note the high complexity costs also scale with the number of UEs.
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Figure 4 Required operating SNR for Format 3 with P=1 or 2 antenna ports for 5 MHz, EPA 3km/hr channel.
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Figure 5 Required operating SNR for Format 3 with P=1 or 2 antenna ports for 5 MHz, ETU 3km/hr channel.
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Figure 6 Required operating SNR for Format 3 with P=1 or 2 antenna ports for 5 MHz, ETU 120km/hr channel.
5. Conclusions

In this contribution, we provided performance comparison of transmit diversity coding proposals for the PUCCH Format 3. It was observed that performance differences among the different transmit diversity proposal are small. SORTD, which shows slightly better performance than the other schemes, suffers from strongly reduced multiplexing capacity. Therefore, we recommend adopting the frequency switch transmit diversity for PUCCH Format 3 because of its lower receiver complexity:

· Proposal 1: Adopt Format 3 PUCCH transmit diversity scheme according to [5].
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6. Appendix 

In this Appendix, the link performance of the proposed transmit diversity coding is provided. Simulation assumptions are listed in Table 1. Complete performance plots 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, EPA, 3 km/hr

5 MHz, ETU, 3 km/hr

5 MHz, ETU, 120 km/hr

	frequency hopping
	at slot boundary

	antenna setup
	1T2R, 2T2R

	RX antenna correlation
	Uncorrelated

	CP type
	normal 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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