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1. Introduction

Cyclic delay diversity (CDD) scheme [1] can convert spatial diversity into frequency diversity by artificially increase delay spread and strong channel code such as Turbo code can exploit the frequency diversity. In addition, the CDD scheme has low complexity and can be defined easily irrespective of the number of transmit antennas. Hence, lots of contributions have been submitted to support the CDD scheme for EUTRA MIMO. Some of them [2-3] showed that the frequency domain channel dependent scheduling can increase the system performance significantly in combination with the CDD scheme under a slowly time varying channel. 
In [4], we proposed the generalized CDD (GCDD) scheme that can obtain higher performance gain with similar complexity compared to that of the SM and showed some link-level performance gain in high speed as an open-loop diversity technique. In this contribution, the GCDD with frequency scheduling performance will be evaluated for a slowly time varying channel in which feedback information can be used to increase system throughput.
2. Generalized CDD for 2Tx and 4Tx with rate-2
In this section, we briefly introduce the proposed generalized CDD (GCDD) scheme. 
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Figure 1. Generalized CDD (GCDD) in frequency domain
In Figure 1, each stream is transmitted through all transmit antennas by multiplying different phase sequences and all streams are combined in each transmit antennas. The GCDD can be represented by using precoding matrices as Table 1.
Table 1. Generalized CDD for 2Tx and 4Tx
as follows.

in CDD scheme, so called Phase Shift Diversity (PSD) can be expressed as precoding scheme
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In Table 1, 
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. The rate-2 GCDD precoding matrices in Table 1 are designed as a unitary matrix for capacity lossless design under open-loop MIMO channel.
3. Link-level Simulation Assumption and Results
In this section, the performance of GCDD under several channel environments will be shown. The simulation assumption is shown in Table 2.
	Parameter
	Assumption

	OFDM parameters
	5 MHz (300 subcarriers) [5]

	Subframe length
	0.5 ms [5]

	Resource block size
	25 subcarriers * 4 OFDM symbol

	Channel Models
	ITU Pedestrian A, Typical Urban (6-ray) 

	Mobile Speed (km/h)
	3

	MCS
	QPSK, R=1/2

	Channel Code
	Turbo codeComponent decoder : max-log-MAP

	MIMO Mode
	MU-MIMO

	Delay samples for GCDD
	2

	Feedback delay
	1.5 ms (3TTI)

	Feedback update period
	1.5 ms (3TTI)

	Antenna configuration
	·  2 transmitter, 2 receiver => [2Tx, 2Rx]
·  4 transmitter, 2 receiver => [4Tx, 2Rx]

	Spatial correlation (Tx, Rx)
	(0%, 0%) 

	MIMO receiver
	Linear Minimum Mean Squared Error (LMMSE)

	Channel Estimation
	Perfect channel estimation


Table 2. Simulation assumption
In order to evaluate GCDD under an ideal scenario, we assume MU-MIMO system in which the Node-B schedules only one UE selecting best band and stream from 12 resource blocks and 2 streams. In addition, we only use localized mode for frequency resource allocation.
 3.1. 2Tx Rate-2 GCDD with channel dependent scheduling
    We compare the performance of the 2Tx rate-2 GCDD with that of the SM under Pedestrian A and TU channel. Figure 2 shows CDF of received SINR of a scheduled UE under ITU PedA channel according to the MIMO scheme and existence of the stream selection. From left to right in sequence are SM with frequency scheduling, SM with frequency scheduling and stream selection, GCDD with frequency scheduling and GCDD with frequency scheduling and stream selection. As you can see in the Figure 2, the GCDD shows lager effective SINR comparing to the SM and the difference is more significant if the stream selection is not employed. Figure 3 shows the BLER performance according to the MIMO scheme. From Figure 3, we can see that the BLER performance also has similar pattern as shown in Figure 2. In the 1%~10% BLER range, the GCDD obtains approximately 7 dB SNR gain comparing to the SM without stream selection and 1.5 dB gain with stream selection.
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Figure 2. CDF of the received SINR with frequency scheduling under PedA [2Tx, Rate-2]
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Figure 3. BLER performance according to the MIMO scheme under PedA [2Tx, Rate-2]

Figure 4 shows CDF of received SINR of a scheduled UE under TU channel according to the MIMO scheme and existence of the stream selection. From left to right in sequence are SM with frequency scheduling, GCDD with frequency scheduling, the SM with frequency scheduling and stream selection and GCDD with frequency scheduling and stream selection. The effective SINR difference between the SM and the GCDD without stream selection is still significant but the SM and the GCDD with stream selection is similar under the TU channel. Figure 5 shows the BLER performance according to the MIMO scheme. From Figure 5, we can see that the BLER performance also has similar pattern as shown in Figure 4.
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Figure 4. CDF of the received SINR with frequency scheduling under TU [2Tx, Rate-2]
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Figure 5. BLER performance according to the MIMO scheme under TU [2Tx, Rate-2]
 3.2. 4Tx Rate-2 GCDD with channel dependent scheduling
In this subsection, we compare the GCDD to the SM+CDD [6] under PedA and TU channel. Figure 6 shows CDF of received SINR of a scheduled UE under PedA channel according to the MIMO scheme and existence of the stream selection. From left to right in sequence are SM+CDD with frequency scheduling, GCDD with frequency scheduling, the SM+CDD with frequency scheduling and stream selection and GCDD with frequency scheduling and stream selection. The GCDD shows higher effective SINR distribution in the both cases w/ stream selection and w/o stream selection.
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Figure 6. CDF of the received SINR with frequency scheduling under PedA [4Tx, Rate-2]
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Figure 7. CDF of the received SINR with frequency scheduling under TU [4Tx, Rate-2]
Figure 7 shows CDF of received SINR of a scheduled UE under TU channel according to the MIMO scheme and existence of the stream selection. From left to right in sequence are SM+CDD with frequency scheduling, GCDD with frequency scheduling, the SM+CDD with frequency scheduling and stream selection and GCDD with frequency scheduling and stream selection. As you can see in Figure 7, the effective SINR difference between the GCDD and the SM+CDD is reduced since the TU channel already has enough frequency diversity. 

4. Conclusions

In this contribution, we showed the performance of the proposed generalized CDD (GCDD) [4] under several assumptions including ideal channel dependent scheduling in the MU-MIMO system. The GCDD can obtain higher performance compared to the SM for 2Tx and the SM+CDD for 4Tx with similar system complexity. We also evaluated the GCDD as a high-rate open-loop transmit diversity scheme in [4] and showed the performance gain. From the results, it is shown that the GCDD can be used for open-loop and closed-loop with one implementation. Therefore, the GCDD scheme should be considered as downlink MIMO scheme for E-UTRA in order to reduce the number of MIMO options.
References
[1] 3GPP, R1-060814, Samsung, “Performance comparison of EUTRA open loop transmit diversity techniques,” RAN1 #44bis, Athens, Greece, Mar. 27 – 31, 2006.
[2] 3GPP, R1-051047, Samsung, “System Performance of Adaptive Cyclic Delay Diversity (ACDD) Scheme,” RAN1 #42bis, San Diego, USA, 10-14 October, 2005
[3] 3GPP, R1-061192, NTT-DoCoMo, “Channel Dependent Scheduling with Cyclic Delay Diversity,” RAN1 #45, Shanghai, China, 8-12 May, 2006
[4] 3GPP, R1-062314, LGE, “Generalized CDD for EUTRA Downlink MIMO,” RAN1 #46, Tallinn, Estonia, Aug. 28 – Sept. 1, 2006

[5] TR 25.814, “Physical Layer Aspects of Evolved UTRA”
[6] 3GPP, R1-060824, ETRI, “Combined spatial multiplexing and CSD transmission for rate 2 with 4 transmit antennas,” RAN1 #44bis, Athens, Greece, Mar. 27 – 31, 2006.[image: image14.png]




































































































































_1215255698.unknown

_1215256376.unknown

_1215597910.bin

_1215598153.bin

_1215544677.unknown

_1215255768.unknown

_1212221089.vsd

_1215255684.unknown

_1211960876.vsd

