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1.
Introduction
The possible transmission diversity methods identified in 3GPP RAN#65 were SORTD, SCBC, M-SORTD, E-SORTD and RSTD. Furthermore, it was decided that selection of Tx diversity scheme should based on the guidelines:

(a) PUCCH overhead as close as possible to single antenna case

(b) Performance significantly improved compared to single antenna and as close as possible SORTD

(c) Minimize the specification impact

(d)  Consider cases with and without antenna gain imbalance 

(e) Take inter-cell interference into account

(f) Consider both normal and extended CP

This contribution summarizes our views and preferences considering given evaluation guidelines. 
2. Tx diversity schemes
This chapter summarizes the proposals considering FDD mapping table 
SORTD
For SORTD, separate PUCCH resources are reserved to both antenna ports and the same constellation and mapping according to Table 1 are used for both antenna ports and slots. The reference signals are transmitted by using same resource as the data. 
M-SORTD-1
In M-SORTD-1 [1], the same set of resources is reserved to both antenna ports. The first antenna port uses the constellation and mapping according to Table 1. The second antenna port uses the same constellations but different resource mapping. The reference signals are transmitted by using fixed resource independently of transmitted symbols,
M-SORTD-2
M-SORTD-2 [2] equals to M-SORTD-1 with the difference that reference signals are transmitted by using same resources as data.
E-SORTD
In E-SORTD-1 [3], the same set of PUCCH channels are reserved to both antenna ports. The first antenna port uses   the constellation and mapping according to Table 1. The reference signal of first antenna port is transmitted by using same channel with data.  The second antenna port uses the same constellations with different channel mapping than first antenna port. Furthermore, the channel mapping of reference signals of the second antenna differs from the first antenna.  
RSTD
The main difference between RSTD [4] and E-SORTD is that in RSTD the modulation symbols are changed across slots. Additionally, the mapping of RS resource is different 
SCBC
In SCBC [5],   the signal of the first antenna port in the first slot equals to Table 1.  A space coding is applied between consecutive channels. In order to equalize performance of bits, the order of PUCCH channels are changed for the second slot.   The reference signals are transmitted by using fixed channels. 

PVS
In first slot the same data and RS signal are transmitted from both antenna ports. In the second slot the precoding vector [+1, -1] is applied for the second antenna port. [6]. 
3. Performance Evaluation
Comparison between Methods
Performance comparison between presented methods in Pedestrian-A channel for 4-bit payload is shown in Figure ‎3‑1.  The simulation assumptions are given in Table 2. The Ack False Alarm rate is selected so that SNR requirement considering both ACK misdetection (1%) and NACK ACK (0.1%) requirements is minimized.  This optimization results that Ack False Alarm rate of 0.3% or lower was used with SCBC and M-SORDTs and 1% with SORTD, PVS, RSTD, E-SORTD and single antenna port transmission.
Result   shown   that   most significant gain    about 1.1 -1.3 dB over single antenna port transmission can be obtained by using either RSTD, SORDT or E-SORTD. The SCBC and M-SORDTs perform clearly worse than pre-mentioned methods. The diversity gain obtained from PVS is about 0.2 dB.   
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Figure ‎3‑1 ACK misdetection and NACK to ACK as a function of SNR. Antenna Imbalance 0 dB, 4 Bits
Effect of Antenna Gain Imbalance
Performance gains over single antenna port transmission as function of antenna gain imbalance are shown in Figure ‎3‑1 for transmission of 4  bits.  The simulation assumptions are given in Table 2. 
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Figure ‎3‑2 Performance gain over single antenna port transmission as function of antenna gain imbalance in TU for 10 bits A/N feedback
The proposed transmission diversity schemes are sensitive to antenna gain imbalance. Considering antenna gain imbalance of 6 dB, all TxD schemes except PVS perform worse than single antenna port transmission. 
Effect of inter-cell interference 
Considering that interference consist of PUCCH Format 1b channels from adjacent cells, we expect that there should not be major differences between methods because each channel selection schemes utilizes the same Format 1b structure and respective randomization by sequence and cyclic shift hopping. 
Observations 
Result show that the available spatial diversity gain for 4 bits can be obtained by using the same number of resources as with single antenna transmission.  This is because the performance of RSTD and E-SORTD, both operating with 4 resources, is similar to that of SORTD which operates using 8 resources. 
We expect that for 2 bits it is not possible to find solution which gives significantly improved performance compared to single antenna port transmission with same number of resources.  In order to get spatial diversity gain for 2 bits, more resources are needed than for single antenna port transmission. Figure A‑‎0‑1 shows spatial diversity gain of 0.8 dB by using 4-resource SORTD for 2 bits. For 3 bits, 4 resources should be clearly enough in order to get spatial diversity gain because it is shown to be enough for 4 bits as well.  
Hence, the diversity proposal would be that 4 resources are allocated to TxD UE regardless of number of bits.  According to simulation results, that approach results in spatial diversity gain from 0.8 dB to 1.2 dB at maximum depending on the number of bits. On the other hand, the gain is strongly affected by antenna imbalance and the gain is negative if antenna imbalance is 5 dB or more. However, we note that SORTD specified for Format 1a/1b have similar sensitivity against antenna imbalance. 
Among different method our slight preference is E-SORTD because of its lower complexity compared to RSTD and significantly better performance compared to other methods.

4.
Conclusions
In this contribution, we discussed transmission diversity methods for the PUCCH format 1b channel selection taking into account the gain over single antenna port mode transmission as well as multiplexing capacity. Based on observations we propose:

· Transmit diversity scheme should be specified for PUCCH Format 1b with channel selection

· Four PUCCH resources are allocated for 2, 3, and 4-bit TxD cases

As for the exact TX diversity method, among the available candidates our slight preference is E-SORTD due to its solid performance and reasonably low complexity. However, further analysis is still needed before concluding on the detailed scheme.
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Appendix
Table 1 Constellation and channel mapping for channel selection according TS 36.213, used for first antenna port in the first time slot
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Table 2 Simulation assumptions

	Parameters
	Value

	Carrier frequency
	2.0 GHz

	System bandwidth
	10 MHz 

	Channel model
	 Pedestrian A

	Antenna setup
	1x2 and 2x2

	RX antenna correlation
	Uncorrelated

	Channel estimation
	Practical (Averaging over all RS symbols in slot)

	CP type
	normal CP

	Signal bandwidth
	180 kHz

	RX false alarm detection threshold
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	Number of UEs
	1

	Number of PRBs for PUCCH
	1

	Receiver
	 MLD (frequency domain)
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Figure A‑‎0‑1.  Misdetection and NACK to ACK rate as a function of SNR. Antenna Imbalance 0 dB.  2 Bits payload
� EMBED Equation.3  ���
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