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1. Introduction

In this contribution, performance comparison of FDM/TDM and CDM schemes for the one bit type downlink control channels is carried out with and without TX diversity.
2. FDM/TDM or CDM for 1 bit type control channel
According to the rel’6 specification [1], there are several one bit type downlink physical control channels such as 

· E-RGCH
· E-HICH

· AICH

· AP-AICH

· PICH

· MICH

· CSICH

· CD/CA-ICH
Among above channels some channels may not be used in the LTE downlink but some channels may be used and it depends on the further LTE specification works. In this contribution, we focus only on the hybrid ARQ indicator channel for the uplink packet data user. In [2], CDM BER performance was compared with FDM performance only for single transmit antenna environments. In this contribution we consider TX diversity with scattered common pilots under several channel environments.

Figure 1 is one example frame structure used for the performance evaluation in this contribution. We assume the same frame format for FDM/TDM and CDM schemes. The maximum number of ACK/NACK bits is the same with the spreading factor N of CDM scheme so that the resource occupation is the same for FDM/TDM and CDM schemes.
We assume the number of subcarriers occupied by ACK/NACK channel is the half of the  spreading factor (i.e, N/2) and 2 adjacent symbols are allocated for the channels at each occupied subcarriers within a TTI. This structure enables to adopt STBC transmit diversity scheme. 
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Figure. 1 One example of frame structure for DL ACK/NACK channel (FDM/TDM or CDM is possible)
3. Simulation condition and results
Table 1 shows the simulation assumptions.
Table 1. Simulation assumptions
	Transmission BW
	5MHz

	Sampling Frequency
	7.68 MHz

	FFT Size
	512

	Modulation 
	BPSK

	Spreading Factor for CDM (N)
	16

	Number of occupied subcarriers by ACK/NACK channels
	8

	Number of code multiplexed bits (in case of CDM)
	1, 4, 16

	Channel environments
	Ped A (3km/hr) and Veh A (120 Km/hr)

	Channel estimation
	Linear interpolation with scattered common pilot channel

(The power ratio between pilot symbol and data symbol  is assumed as 3dB)

	Receiver algorithm
	MRC for FDM/TDM, MMSEC for CDM


Figure 2 and 3 are the simulation results for the pedestrian A (3km/hr) environment. The first one is the results for the single transmit antenna case and the last is the one for the transmit antenna diversity case. In the figures we depicted the performance curves of CDM according to different number of users (K=1, 4, 16). For the comparison we also drew the curve of FDM/TDM. As for the reference we added the results of MRC for the CDM with only single user case.
The performance gain of CDM over FDM/TDM is 6~8 dB for the single transmit antenna case and 3~4 dB for the transmit diversity case at the BER point of 10-3. 
Figure 4 and 5 are the simulation results for the vehicular-A (120km/hr) environment. We can also notice the trend is the similar with pedestrian-A(3km/hr) environment.
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Figure 2. Simulation Results for Pedestrian-3A environment (without Tx antenna diversity)
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Figure 3. Simulation Results for Pedestrian-3A environment (with Tx antenna diversity)
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Figure 4. Simulation Results for Vehcular-120A environment (without Tx antenna diversity)
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Figure 5. Simulation Results for Vehicular-120A environment (with Tx antenna diversity)
4. Conclusion

In this contribution, we evaluated the candidate multiple access schemes for the one bit type downlink control channels. We considered both of FDM/TDM and CDM for the multiple access scheme. The effects of transmit diversity, multiple access interference are shown.
Based on the results by computer simulation, we could know that CDM outperforms FDM/TDM for the one bit type downlink channel, regardless of transmit antenna diversity.
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