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1
Introduction

In this contribution, two transmission schemes of SFBC applicable CDM/FDM Ack/Nack structure are introduced and link level performance of them are presented for imbalanced transmit power cases.
2
Resource allocation for Ack/Nack
In the last RAN1 #48bis Malta meeting, hybrid CDM/FDM structure for DL Ack/Nack is agreed.[1] This structure has several benefits such as frequency diversity, individual transmit power control(TPC) and interference averaging.

We allocate resources following ways to compare transmit diversity schemes for Ack/Nack channel. 
The first OFDM symbol is used for Ack/Nack channel, to keep the same format regardless of the number of OFDM symbols used for L1/L2 control in the subframe.[2]
To maintain Ack/Nack orthogonally against frequency selectivity and to avoid ‘near-far’ effect, code length 4 is selected. To obtain frequency diversity, repetition number 4 is adopted.[3]
Resource allocation for Ack/Nack signal is illustrated in figure 1.
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Figure 1 Resource allocation for Ack/Nack signal

3
Two transmission schemes for SFBC

For the control channel, SFBC and CDD are candidates of transmit diversity scheme. Here we introduce two kinds of transmission scheme for SFBC. 
· Chip level SFBC: Spread Ack/Nack signal first and then encode this spread signal to frequency and antenna domain. 
· Symbol level SFBC: Ack/Nack signal is encoded in code and antenna domain directly. 
Figure 2 illustrates both schemes. 
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Figure 2 Two transmission schemes for SFBC
4
Performance Results
Table 1 lists simulation parameters.
Table 1.  Simulation parameters
	Parameter
	Value
	Entity

	Carrier Bandwidth
	10
	Mhz

	FFT size
	1024
	

	Subframe duration
	0.5
	ms

	Sampling rate
	15.36
	Mhz

	No of Ack/Nack channels
	12
	

	CDM Orthogonal Sequence(length)
	Walsh-Hadamard(4)
	

	Propagation channels
	TU (3km/h)
	

	Channel estimation
	Ideal
	

	Tx Antenna configuration
	2
	

	Rx Antenna configuration
	2
	

	Modulation
	BPSK
	

	Receiver
	MMSE
	


Figure 3 shows the performance of two transmission schemes. Both schemes show very similar performance. 
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Figure 3 BER when all Ack/Nack signals have the same power.
Figure 4 presents Ack/Nack BER when 3dB and 10dB TPC are applied. For both cases, TPC is applied as no power variation for 2 Ack/Nack, boosted power for 1 Ack/Nack and reduced power for 1 Ack/Nack.

The followings can be observed:


a) The orthogonality loss is very small with 3dB power imbalance case and not so large even with 10dB power imbalance case.


b) ‘Chip level SFBC’ is slightly better than ‘Symbol level SFBC’ for the weaker signals.
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Figure 4 BER for Ack/Nack transmitted with 3dB/10dB TPC.
5
Conclusion
In this contribution, we have compared ‘Chip level SFBC’ and ‘Symbol level SFBC’ for DL Ack/Nack, both of which have a hybrid CDM/FDM structure with a length-4 code and four times repetition. Both schemes show robust performance in power imbalanced cases, and ‘Chip level SFBC’ is slightly better than ‘Symbol level SFBC’ for the weaker signals.
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