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1. Introduction

 In [1]-[8], the transmit diversity schemes for PUCCH format 2 had been discussed for LTE-A. In this contribution, we perform further evaluations for transmit diversity schemes between SORTD and STBC with various channel models channel models such as EPA/EVA for PUCCH format 2b.
2. Transmit Diversity for PUCCH format 2a/2b
In several contributions, it was shown that SORTD is superior to STBC assuming same amount of resource consumptions. It is possible to install STBC for PUCCH format 2 with applying Walsh cover on two RSs within a slot to consume a single PUCCH resource. However, for STBC with Walsh cover, the BLER performance is significantly degraded due to unpaired symbol problem as well as loss of orthogonality in high speed scenarios. In addition, to apply STBC with Walsh cover within a slot to PUCCH format 2a/2b is not possible since the phase modulation on the second RS is used for HARQ-ACK information. To enable single resource based STBC to be applied for PUCCH format 2a/2b, the frequency hopping should be turned off as shown in Figure 1. 
[image: image1.emf]RS

Frequency hopping

disabled

Phase modulation for 

HARQ-ACK

Slot0 Slot1

+1 for Ant0

+1 for Ant1

+1 for Ant0

-1 for Ant1


Figure 1 Walsh cover for single resource based STBC on PUCCH format 2a/2b (Normal CP case only)
 In order to apply a single resource based STBC, the frequency hopping should be also disabled in extended CP case since there is only one RS within a slot.

On the other hands, it is apparent that SORTD can be easily applied to PUCCH format 2a/2b as well.
3. Simulation
3.1 Simulation setup
 The used simulation parameters are listed in Table 1. It is noted that we used the channel models of EPA/EVA rather than PA/VA to reflect wideband property [10]. The models of PA/VA cannot properly reflect wideband property due to limited samples of impulse response. This is particularly important in the simulation for band-edge simulation in wide-band. 
· Performance comparison of transmit diversity schemes between SORTD (FH enabled) and STBC (FH disabled) 
· Format 2b is evaluated.
· It is simply assumed that information for HARQ-ACK on second RS within a slot was successfully detected all the time.
· For STBC, Walsh cover across slots is applied as seen in Figure 1.
· An adaptive channel estimator according to UE speed cannot be applied in this case. That is, the estimated channel should be always averaged within a slot to resolve Walsh cover.
Table 1 Simulation parameters
	Parameters
	Assumptions

	Carrier frequency
	2GHz

	System BW
	5MHz

	CP configuration
	Normal CP

	UE speed
	5,120,250kmph

	Channel model
	EPA, EVA

	Number of cells
	1

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

	Transmit diversity
	SORTD, STBC

	PUCCH format 
	Format 2b

	CQI information bits (A) 
	A=4, 11 bits

	Channel coding and rate matching
	RM coding [9]

	Channel estimation
	Practical

	CS hopping
	ON

	Frequency hopping in slot-level
	ON,OFF

	Number of PRBs for PUCCH
	1

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


3.2 Simulation results
Figure 2 shows the averaged BLER performances for SORTD and STBC with PUCCH format 2b. From the evaluations, we observe that;

· SORTD is always superior to a single resource based STBC in given scenarios.
· In low speed scenario (5km/h, EPA), a single resource based STBC is better than Rel-8 baseline.

· In medium (120km/h, EVA) speed scenario, a single resource based STBC is even worse than Rel-8 baseline with single antenna from 1.8 to more than 6dB SNR at 1% BLER.
· In high (250km/h, EVA) speed scenario, a single resource based STBC does not work.

 In consequence, it turns out that a single resource based STBC is not appropriate for PUCCH format 2a/2b with normal CP in medium and high speed scenarios.
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(a) EPA 5km/h
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(b) EVA 120km/h
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(c) EVA 350km/h
Figure 2 Averaged BLER for transmit antenna schemes (2Tx, 2Rx), Format 2b
4. Conclusion

 As already noted in several contributions, SORTD is superior to STBC between two resource based transmit diversity schemes for PUCCH format 2. In this contribution, we further studied the transmit diversity schemes for PUCCH format 2b. From the simulation results, we see that a single resource based STBC is not appropriate due to performance degradation to Rel-8 baseline with single transmit antenna for PUCCH format 2b in medium and high speed scenarios. Therefore, we propose that SORTD is agreed for transmit diversity schemes in PUCCH format 2/2a/2b.
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