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1. Introduction

Several transmit diversity (TxD) schemes for PUCCH were proposed [1-7] so far, and some of them can achieve a remarkable diversity gain but may require two (or more) orthogonal resources. The applicability of these schemes should be carefully investigated because the transmission and signaling support for the assignment of additional required orthogonal resources may have impacts to CCH capacity and existing procedures. One application of PUCCH format 2 TxD is payload expansion for CoMP feedback [8], thus it is important to clarify the improvement in payload size obtained by the PUCCH TxD scheme. 

In this contribution, we give an evaluation of the payload size expansion, i.e. how many bits can be transmitted by use of the TxD scheme when the same required SINR as Rel.8 is assumed. SCTD (Spatial Code Transmit Diversity) is chosen as an example TxD scheme because it can deliver superior gain. 
2. Simulation Results

Figures 1 shows the relationship between required SNR at the target error rate of BLER=10-2 and payload size for single antenna transmission and TxD using SCTD, assuming SCM urban micro and UE mobility of 3kmph. All simulation assumptions are shown in Table 1 of Annex 5.1. In addition, PUCCH payload sizes of {5, 7, 9, 11, 13, 15, 17} bits are evaluated in this simulations. The performance comparison between single antenna transmission and TxD is shown in Figure 2(a) and 2(b) in Annex 5.1, respectively.
These result shows that the TxD gain is almost 3 dB irrespective of payload size, which is equivalent to 5 additional bits at the same required SNR. The same trend can be found for 120 kmph situation from Figure 2(a) and 2(b) in Annex. Therefore, we can conclude that a payload size of 16 bits can be projected when SCTD is employed for the PUCCH format 2 TxD scheme.
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Figure 1.  Payload size v.s. Required SNR
(SCM Urban Micro, 2x2 antenna, UE mobility = 3 km/h)
3. Conclusion

In this contribution, we showed how many bits can be additionally transmitted when TxD is applied to PUCCH format 2, assuming SCTD. According to our evaluation, a payload size of 16 bits (i.e. 5 additional bits of payload size) is achievable if the same required SINR is assumed. 

We propose that this result be taken into account for RAN WG1 further study.
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Annex

4.1. Simulation Assumptions

Table 1: Simulation Assumptions

	Parameter
	Explanation/Assumption

	Bandwidth
	10 MHz

	Carrier Frequency
	2.0 GHz

	Antennas Configuration
	Tx: 2
Rx: 2 and 4

	Channel Model
	SCM urban micro

	Antenna Configuration
	eNB: Vertically polarized, 10 λ spacing
UE: Vertically polarized, 0.5 λ spacing

	UE mobility
	3 and120 kmph

	PUCCH format
	Format 2

	Receiver Type
	MMSE

	Sequence detection
	1 tap ML

	Orthogonal Resource assignment for UE
	Based on 3GPP TS 36.211 v 8.5.0

	Channel Coding
	3GPP TS 36.212 v 8.5.0 for 5-13 bit transmission
extension of 3GPP TS 36.212 v 8.5.0 for 15-17 bit transmission

	Sampling Frequency
	32.55 ns

	FFT size
	2048

	Number of Occupied Subcarriers
	600 (50 RBs)

	Channel Estimation
	Realistic,
coherent averaging within 1 slot

	Cyclic Prefix Type
	Normal CP


4.2. Simulation Results
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(a) Single Antenna Transmission
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 (b) SCTD

Figure 2.  Detail of BLER performance 
(SCM Urban Micro, 2x2 antenna, UE mobility = 3 km/h)
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(a) Single Antenna Transmission
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 (b) SCTD

Figure 3.  Detail of BLER performance 
(SCM Urban Micro, 2x2 antenna, UE mobility = 120 km/h)
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(a) Single Antenna Transmission
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 (b) SCTD

Figure 4.  Detail of BLER performance 
(SCM Urban Micro, 2x4 antenna UE mobility = 3 km/h)
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(a) Single Antenna Transmission
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 (b) SCTD

Figure 5.  Detail of BLER performance 
(SCM Urban Micro, 2x4 antenna UE mobility = 120 km/h)
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Figure 1.  Payload size v.s. Required SNR
(SCM Urban Micro, 2x4 antenna, UE mobility = 3 km/h)
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