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1 Introduction 

In RAN1#58 it was agreed that for PUCCH format 1/1a/1b the transmit diversity scheme for 2 tx antennas is Spatial Orthogonal-Resource Transmit Diversity (SORTD), with the same modulated symbol d(0) being transmitted on different orthogonal resources for the different antennas. For 4 tx antennas, the 2-tx TxD scheme is applied, with the exact method being left to UE implementation. 

For PUCCH format 2/2a/2b, the TxD scheme was left FFS. Further, in RAN1#61bis, it was agreed to use DFT-S-OFDM on the PUCCH for larger A/N payloads for carrier aggregation. 

In this contribution we provide some analysis of PUCCH TxD schemes for larger PUCCH formats. 

2 Evaluation Assumptions
Here we examine the two most relevant TxD schemes:
· SORTD

· Two transmit antennas transmit the same symbols on two different cyclic shifts.

· Each user uses two cyclic shifts (hence multiplexing gain is correspondingly reduced)
· STBC

· Two transmit antennas use the same cyclic shift and Alamouti code

· Frequency hopping across slots is disabled to allow different orthogonal cover codes to be used for the reference signals of the two transmit antennas.

The simulation assumptions are given in Table 1:

Table 1: Simulation Assumptions

	Parameter
	Assumption

	System Bandwidth
	10 MHz

	Carrier Frequency
	2 GHz

	Antenna configuration
	2 Tx, 2 Rx, uncorrelated

	Fading Channel Profile
	EPA 3km/h, ETU 30km/h, ETU 160 km/h

	Channel Estimation
	Practical

	PUCCH Format
	Format 2

	Frequency hopping across slots
	Enabled for SORTD

Disabled for STBC


We analyse the error rates for 4-bit and 10-bit CQI payloads. 
3 Simulation Results
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Figure 1: EPA 3 km/h
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Figure 2: ETU 30 km/h
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Figure 3: ETU 160 km/h
From these simulation results, we observe that SORTD provides 1-2 dB gain over SIMO across different fading channels at a 1% error rate. 

STBC provides 0.5-1 dB gain over SIMO for slow fading channels, but its performance deteriorates quickly as the Doppler becomes higher, and indeed becomes worse than single-antenna transmission. This is to be expected because the orthogonality of the STBC scheme depends on the channel response being unchanged across the paired symbols. 
4 Conclusions
Based on this evaluation, we propose that SORTD should be adopted as the TxD scheme for PUCCH Format 2 and DFT-S-OFDM. 

This avoids degradation at high Doppler, and provides consistency for the TxD scheme across all PUCCH formats. 
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