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1.
Introduction
The possible transmission diversity methods identified in 3GPP RAN#65 were SORTD, STBC, SFBC-M, PVS and FSTD. Further, 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
STBC
The spatial block coding is applied before DFT over modulated symbols consecutive in time.   The principle is shown in Figure 2-1.  The second antenna port signal can be expressed as function of the first antenna signal in vector form as:
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Figure ‎2‑1 Space coding
SFBC-M

In SFBC-M, the Alamouti coding is applied over frequency domain samples having constant distance equal to N/2 subcarriers.   It can be easily shown that equivalent time domain Alamouti coding can be expressed as a function of first antenna signal s (following notation in Figure ‎2‑1): 
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Thus, in time domain, the SFBC-M coded second antenna signal is conjugated, cyclically shifted and phase rotated version of antenna 1 signal.    The difference between SC-previously presented Alamouti coding before DFT is different order and phase of the symbols. 
PVS
Data symbols on second antenna port are data symbols on first antenna port rotated by symbol– specific phase. The second antenna port signal can be expressed as function of the first antenna signal as (following notation in Figure ‎2‑1):
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Similarily with other TxD schemes, each antenna port requires a separate DM RS which need to be separated by cyclic shift or orthogonal cover code.
FSTD 

In FSTD [6], the circularly repeated RM encoded bits are modulated and multiplexed into antenna ports so that the even-indexed symbols are allocated to antenna port 1 and odd-indexed symbols to antenna port 2.  Further, the symbols are antenna wise DFT-precoded and mapped into frequency domain so that antenna port 1 is mapped to odd-indexed sub-carries and antenna port 2 to even-indexed sub-carriers, as illustrated on Figure 2-2. 


3. Performance Evaluation
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 10 bits. The simulation assumptions are given in Table 2 and detailed simulation results are given in Figure A‑1, Figure A‑2 and Figure A-3
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Figure ‎3‑1 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 for SORTD, perform worse than single antenna port transmission. The performance loss is 0.2-1.2 dB depending on the TxD scheme. Thus, the proposed diversity schemes do not fulfil the requirement that performance should be significantly improved when compared to single antenna port transmission.  The only possibility to get significant gain over single antenna port transmission is to use SORTD.  
Effect of inter-cell interference 
Performance gains over single antenna port transmission in the presence of dominant interferer are shown in  Figure ‎3‑2.  The detailed simulation results are given in Figure A-4.  The inter-cell interference is modelled  as single interferer having the same type of transmission than UE of interest. Interference power is set 3 dB over noise power.  Inter-cell interference randomization according to Release 10 is used.   
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Figure ‎3‑2  Performance gain over single antenna port transmissions without antenna gain imbalance in the presence of dominant interferer  
Considering interference without antenna gain imbalance, all TxD schemes give similar gain over single antenna port transmission than with noise.   
Multiplexing capacity 

Multiplexing capacity is limited by the maximum number of orthogonal reference signals samples in frequency, which  results that  in practise the maximum number of  TxD UE’s  per PRB with SCBC, STBC, FSTD and symbol level PVS  is 3. With normal CP, it is possible to increase number of UEs by adding orthogonal cover over RS Blocks. 
Table 1 Multiplexing capacity per PRB
	1 Tx
	SORTD
	SCBC-M
	STBC
	PVS (symbol )
	FSTD

	5
	2
	3
	3
	3
	3


Observations

It is not possible to find a transmission diversity solution that fulfils the requirements that PUCCH overhead should be as close as possible to the single antenna port transmission and performance should be significantly improved compared to single antenna port transmission. This is because with antenna imbalance, all TxD schemes, except SORTD, perform worse than single antenna port transmission.  
4.
Conclusions
In this contribution, we discussed transmission diversity methods for the PUCCH taking into account the gain over single antenna port mode transmission as well as the multiplexing capacity.  We observed that proposed diversity schemes do not fulfil the guideline that PUCCH overhead should be as close as possible to single antenna port transmission and performance should be significantly improved compared to single antenna port transmission. Hence, we propose that no new TxD scheme needs to be specified for PUCCH Format 3.  
Appendix
Table 2 Simulation assumptions

	Parameters
	Value

	Carrier frequency
	2.0 GHz

	System bandwidth
	10 MHz 

	Channel model
	 Typical Urban 

	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
	 

	Number of UEs
	1

	Number of PRBs for PUCCH
	1

	Receiver
	 MLD (frequency domain)
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Figure A‑1.  ACK Miss Detection  and  NACK to ACK as a function of SNR. Antenna Imbalance 0 dB
[image: image7.emf]TU, P(ACK False Alarm)=1 %, Antenna Imbalance 3 dB 

0.001

0.01

0.1

-7 -6 -5 -4 -3 -2 -1

SNR [dB]

1x2: ACK Miss Detection

1x2: NACK to ACK

SFBC-M ACK Miss Detection

SFBC-M NACK to ACK

STBC  ACK Miss Detection

STBC NACK to ACK

PVS  ACK Miss Detection

PVS  NACK to ACK

SORTD  ACK Miss Detection

SORTD NACK to ACK

FSTD  ACK Miss Detection

FSTD NACK to ACK


Figure A‑2  ACK Miss Detection and NACK to ACK as a function of SNR. Antenna Imbalance 3 dB
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Figure A-3 ACK Miss Detection and NACK to ACK as a function of SNR. Antenna Imbalance 3 dB
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Figure A-4 ACK Miss Detection and NACK to ACK as a function of SNR in the presence of dominant interferer ,Io/No 3 dB, Antenna Imbalance 0 dB
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