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1. Introduction
Both FDM and TDM are considered as multiple access method for the downlink packet data channels [1]. In last RAN1 #42 meeting in London, Nokia recommended TDM as multiplexing method between the downlink control channels and the traffic data channels [2]. This contribution considers multiplexing method within downlink control channels. The performances of the FDM and CDM methods combined with a transmit antenna diversity are investigated for the downlink control channels, in particular, for one bit type control channels.  Two transmit antenna diversity schemes, space time block coding (STBC) and space frequency block coding (SFBC), are mutually compared via computer simulation. It is shown that the CDM with SFBC outperforms the other schemes in terms of raw BER performance.

This contribution is the extension of R1-050806 from London meeting that could not be presented due to lack of time.

2. FDM or CDM for one bit type control channel

According to the Rel’6 specification [3], there are several one bit type downlink physical control channels such as E-HICH, E-RGCH, AICH and MICH. Among these channels some channels may not be used in the LTE downlink but some channels may be used depending on the further specification works. In this contribution, we focus only on the downlink hybrid ARQ indicator channel which is used to convey ACK/NACK information for the uplink packet data user. In [4], the CDM BER performance was compared with the FDM only for single transmit antenna environments and for the ideal channel estimation. In this contribution we consider CDM and FDM schemes with transmit antenna diversity under practical channel estimation based on the TDM pilots (where TDM means that the pilot symbol locates only on the first OFDM symbol duration [2]). As for the transmit diversity we consider SFBC as well as STBC.

Figure 1 is two example frame structures used in this contribution. Structures (a) and (b) support  SFBC and STBC, respectively. In case of (b), two OFDM symbol durations are needed for the ACK/NACK channel transmission but in case of (a), only one OFDM symbol duration is required. In terms of UE’s power consumption and RX processing delay, the frame structure of SFBC may be better than the one of STBC [5]. In this contribution, however, both frame structures are used for the performance evaluation of FDM as well as CDM. For the fair comparison between FDM and CDM, we assume that the resource occupation of ACK/NACK channel is the same for both of FDM and CDM. TDM pilot is used for both frame structure and the pilot symbols occupy only the first OFDM symbol duration.

Figure 2 shows an example of the transmitter block diagram for the CDM with the transmit diversity, where 
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 is BPSK modulated symbol vector and 
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 is the ACK/NACK bit for the kth uplink packet data user. First, STBC or SFBC is applied for the N symbols and then N encoded symbols at each diversity branch are evenly split. In the figure 
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. The split symbols are then spread with orthogonal code sequences of length N/2. Then, spreader outputs become 
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 orthogonal code matrix. The spreader outputs are mapped to time and frequency grids as shown in figure 1. On the other hand, we can get the FDM format by bypassing the spreading blocks in figure 2.
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Figure. 1 One example of frame structure for the DL ACK/NACK channel (FDM or CDM is possible)
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Figure 2. Transmitter structure for the DL ACK/NACK channel (CDM case)
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

	Maximum ACK/NACK bits per TTI (N)
	16

	Code length for CDM (N/2)
	8

	Number of occupied subcarriers by ACK/NACK channels
	8 (for STBC)

16 (for SFBC)

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

	Channel environments
	TU (3km/hr, 120 Km/hr, 350 Km/hr)

	Channel estimation
	Linear interpolation 

	Receiver algorithm
	JML for FDM

MMSE combining for CDM


Figures 3, 4 and 5 show the simulation results according to different vehicle speeds in typical urban (TU) environments. Up to the 120 Km/hr, there is a little performance difference between SFBC and STBC, regardless of multiple access schemes. However, for the 350 km/hr, the performance of STBC is very poor than that of SFBC for both multiplexing schemes. The performance degradation of STBC in the high vehicle speed is due to the channel estimation error encountered in the decoding process of STBC. This means that the channel estimation based on the TDM pilot does not well match with STBC especially for high vehicle speed. But for SFBC, we can notice that the vehicle speed has not influence on the performance. If we adopt scattered pilot and use two dimensional (time-freq.) linear interpolation for the channel estimation, the performance of STBC may be similar with SFBC even for the 350 km/hr environment. However, we think that the scattered pilot structure is not effective on demodulation of downlink control channels in terms of UE’s power consumption and receiver processing delay [5].

Based on the above results, we focus our attention on the SFBC in order to compare the FDM and CDM schemes. If we assume the minimum required target BER for the downlink ACK/NACK bit as 10-3 [4], the performance gain of CDM over FDM is almost 3.5~5.5 dB.
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Figure 3. Simulation Results for TU-3km/hr environment 
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Figure 4. Simulation Results for TU-120Km/hr environment
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Figure 5. Simulation Results for TU-350Km/hr environment 

3. Conclusion

The performances of the FDM and CDM schemes combined with transmit diversity have been investigated for the downlink control channels, in particular, for one bit type control channels. Two types of transmit antenna diversity, namely, space time block coding (STBC) and space frequency block coding (SFBC) were applied for the performance evaluation. 
· From evaluation result, it can be seen that the SFBC scheme with CDM outperforms the other schemes, particularly beneficial in high Doppler environment [5], so we propose the SFBC combined with CDM for the one bit type control channels for the LTE downlink.

· The proposed CDM scheme with SFBC can be well matched with E-UTRA DL TDM channel structure (TDM between control channel and traffic data channel) presented in [2].
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