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1. Introduction

 In [1]-[4], the transmit diversity schemes for PUCCH format 2/2b had been discussed for LTE-A. In this contribution, we provide evaluations for transmit diversity for PUCCH format 2/2b.
2. Transmit Diversity for PUCCH format 2/2b
For PUCCH formats 2/2a/2b and Rel-8 CQI payloads, there are two candidate TxD methods, including SORTD and STBC without slot-based frequency hopping (FH). 
2.1 
Space Orthogonal-Resource Transmit Diversity (SORTD)
In SORTD TxD scheme, each transmit antenna requires an orthogonal resource for sending modulated data symbols and pilots, so the number of UEs that can be multiplexed in one PUCCH RB will be reduced. In the evaluations, the multi antenna will send the same coded bits.
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Fig.1. Two antenna transmission structure of SORTD
2.2 
Space Time Block Code (STBC)
In STBC without FH TxD scheme as shown in Fig 1, OCC can be used to antenna multiplexing,  two antennas only require a single syclic shift(CS) resource.
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                           Fig.2. STBC without FH 
3. Simulation
3.1 Simulation setup
In the simulations, different TxD schemes performance has been compared in low speed and medium speed. Detail simulation parameters are listed in appendix.

The utilized cyclic shifts are summarized as follows:
· When UE-0, UE-1 and UE-2  apply SORTD with closer cyclic shifts with slot-boundary frequency hopping
· UE-0: TxAnt 0 uses cyclic shift: 0.0, TxAnt 1 uses cyclic shift: 1.0 ;

· UE-1: TxAnt 0 uses cyclic shift: 2.0, TxAnt 1 uses cyclic shift: 3.0 ;

· UE-2: TxAnt 0 uses cyclic shift: 4.0, TxAnt 1 uses cyclic shift: 5.0 ; 

· When UE-0, UE-1 and UE-2 apply STBC without slot-boundary frequency hopping
· UE-0: TxAnt 0 uses cyclic shift:0.0, TxAnt 1 uses cyclic shift: 0.0 ; 
· UE-1: TxAnt 0 uses cyclic shift:2.0, TxAnt 1 uses cyclic shift: 2.0 ;
· UE-2: TxAnt 0 uses cyclic shift:4.0, TxAnt 1 uses cyclic shift: 4.0 ;
3.2 Simulation results
Figure3 shows the CQI BLER of the first UE performances for SORTD and STBC with PUCCH format 2. Figure4 shows the CQI BLER and ACK BER of the UE performances for SORTD and STBC with PUCCH format 2b.  From the simulation results, we conclude that:
· SORTD performance always is better than that of STBC in given scenarios.
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Fig.3 (a)EPA3km
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Fig.3 (c)EVA120km

Fig.3. UE0 CQI BLER, Format 2
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Fig.4 (a)CQI BLER EPA3km
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Fig.4 (b)ACK BER EPA3km

 [image: image7.emf]-14 -12 -10 -8 -6 -4 -2

10

-4

10

-3

10

-2

10

-1

10

0

PUCCH Format 2b CQI BLER 2x2 EVA120km 1user

SNR(dB)

BLER

SU MIMO 2Tx2Rx SORTD

SU MIMO 2Tx2Rx STBC


Fig.4 (c)CQI BLER EVA120km
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Fig.4 (d)ACK BER EVA120km

Fig.4. CQI BLER&ACK BER, Format 2b
4. Conclusion

We propose to adopt SORTD as transmit diversity scheme in PUCCH format 2/2b because of the following reasons:
· Frequency hopping in slot-level can bring performance gain;
· STBC across two data symbols, there will be one orphan symbol left in each slot when the slot boundary frequency hopping is ON, so the receiver process will be complicated;
· SORTD is agreed as TxD scheme for PUCCH format1/1a/1b, for unification, it is preferable to adopt SORTD as TxD scheme for PUCCH format 2.
· Simulation results show SORTD performance  is better than that of STBC on single PRB in given scenarios
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Appendix
Table 1 Simulation parameters for STBC
	Parameters
	Assumptions

	Carrier frequency
	2GHz

	System BW
	20MHz

	CP configuration
	Normal CP

	UE speed
	3, 120kmph

	Channel model
	EPA, EVA

	Number of cells
	1

	Antenna configuration
	2Tx-2Rx (uncorrelated)

	Transmit diversity
	 STBC

	PUCCH format 
	Format 2/Format2b

	CQI information bits (A) 
	A=4 bits

	Channel coding and rate matching
	RM coding 

	Channel estimation
	Practical

	Noise estimation
	Perfect

	Frequency hopping in slot-level
	OFF

	CS multiplexed of 3users
	(0 0) (2 2) (4 4)

	Number of PRBs for PUCCH
	1

	Number of UEs within a cell
	3/1
(all UEs transmit the signal with same power) 


Table 2 Simulation parameters for SORTD
	Parameters
	Assumptions

	Carrier frequency
	2GHz

	System BW
	20MHz

	CP configuration
	Normal CP

	UE speed
	3, 120kmph

	Channel model
	EPA, EVA

	Number of cells
	1

	Antenna configuration
	1Tx-2Rx (uncorrelated), 2Tx-2Rx (uncorrelated)

	Transmit diversity
	SORTD

	PUCCH format 
	Format 2/Format2b

	CQI information bits (A) 
	A=4 bits

	Channel coding and rate matching
	RM coding 

	Channel estimation
	Practical

	Noise estimation
	Perfect

	Frequency hopping in slot-level
	ON

	CS multiplexed of 3users
	(0 1) (2 3) (4 5)

	Number of PRBs for PUCCH
	1

	Number of UEs within a cell
	3/1
(all UEs transmit the signal with same power) 
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