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1. Introduction

The use of CDD matrix on top of the precoding matrix with three types of delay sample was agreed as a working assumption in the RAN1 #48 meeting [1]. The three types of delay sample including ‘0’ delay, small delay and large delay sample can be used according to the system and channel environment. As an example, the small delay sample can be used in combination with precoding matrix or precoding subset in order to increase frequency scheduling gain if the number of UE in a sector is large enough [2]-[5]. However, the explicit small delay samples for 4Tx system are not decided and there are a lot of candidates of delay relations across the transmit antennas. Therefore, in this contribution, we evaluate the 4Tx CDD-based precoding with several delay relations by using system level simulation under various antenna configuration and channel environment.
2. CDD-based Precoding for 4Tx System
   Table 1 shows the CDD matrix for 4Tx system as in TS 36.211 and it is described that the CDD matrix is employed in front of the precoding matrix with three types of delay sample.

Table 1: Cyclic delay diversity (CDD).
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Note 1: These values apply only when transmit diversity is not configured for transmission rank 1.

Note 2: For large delay configuration, 
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In the table 1, the small delay CDD matrix can be one of options shown in the table 2 with one delay sample. 

Table 2. Small delay CDD matrix options for 4Tx system
	
	Option-1
	Option-2
	Option-3

	CDD matrix
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3. System-level Evaluation Results
In this section, we evaluate the system level throughput of the CDD-based precoding with several options shown in table 2 and delay samples. In the system level simulation, we assume that every UE reports error freely all available bands’ PMI and CQI with 5RBs and 2RBs frequency granularity, respectively. In addition, we employ DFT-based codebook with subset restriction as a frequency dependent precoding. The following tables 3 and 4 include remaining system level simulation assumptions. 
	Parameter
	Assumption

	OFDM parameters
	5 MHz

	Subframe length
	1.0 ms

	Frequency granularity for PMI feedback
	5RBs

	Frequency granularity for CQI feedback
	2RBs

	Channel Models
	Case 1A, Case 1B, Case 2, Case 3 mentioned in e-mail 
reflector for 4Tx SU-MIMO precoding evaluation
(delay profile is modified as flat fading channel)

	Mobile Speed (km/h)
	3 km/h

	Modulation schemes and channel coding rates
	QPSK (R=1/3, 1/2, 3/4)

16QAM (R=1/2, 5/8, 3/4)

64QAM (R = 3/5, 2/3, 3/4, 5/6)

	Channel Code
	Turbo code Component decoder : max-log-MAP

	Codebook scheme
(with subset restriction)
	DFT based precoding matrix (rank-1 only)

	Delay samples for CDD-based precoding
	 1/
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 or 2/
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	Antenna configuration
	4 transmitter, 2 receiver => [4Tx, 2Rx]

	Channel Estimation
	Perfect channel estimation


Table 3. Basic simulation assumption

Table 4. System parameter assumption

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Inter site distance
	500 m

	Penetration loss
	20dB for 3km/h users

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Total Node-B TX power
	43dBm (5MHz)

	Minimum distance between UE and cell
	35 meters

	AMC
	ON  (2/3<MCS<5)

	Target block error rate
	10 %

	HARQ
	Chase combining with maximum retransmission 8

	OFDM symbols (Data symbols) per subframe
	14 (10)

	Scheduling Criterion
	Proportional Fair

	Scheduling
	Same MCS used for one codeword across chunks

	Users per sector
	20

	Link Mapping
	EESM

	Other Cell interference
	All Node-B transmitters always on at full power

	CQI feedback delay
	3 TTI (3 ms)

	Channel Scenario
	Macro Cell


Following table 5 shows the system throughput of the CDD-based precoding according to the CDD matrix options shown in the table 2. As shown in the table 5, the option-1 with 1/
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 delay sample outperform that with 2/
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 delay sample for all scenarios since the option-1 includes three times large delay sample in the last transmit antennas that may results in losing the performance of DFT-based precoding with 2/
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 delay sample which delay sample employ several cycles of phase rotation in downlink bandwidth. However, for other options, the 2/
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 delay sample is more appropriate since that delay sample provide one cycle of phase rotation in downlink bandwidth as a smallest integer delay sample.
Table 5. Spectral efficiency of the CDD-based precoding according to the channel model [bps/Hz]
	
	Case1-A
	Case1-B
	Case2
	Case3

	
	1/
[image: image21.wmf]h


	2/
[image: image22.wmf]h


	1/
[image: image23.wmf]h


	2/
[image: image24.wmf]h


	1/
[image: image25.wmf]h


	2/
[image: image26.wmf]h


	1/
[image: image27.wmf]h


	2/
[image: image28.wmf]h



	Option-1
	2.10
	2.08
	2.08
	2.07
	2.15
	2.13
	1.66
	1.64

	Option-2
	2.03
	2.05
	2.02
	2.04
	2.05
	2.09
	1.60
	1.64

	Option-3
	2.08
	2.11
	2.06
	2.09
	2.14
	2.17
	1.61
	1.67

	No CDD
	1.95
	1.93
	2.00
	1.65


Table 6. 5% user throughput of the CDD-based precoding according to the channel model [Kbps]
	
	Case1-A
	Case1-B
	Case2
	Case3

	Option-1 (1/
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)
	156.9
	151
	165.8
	90.8

	Option-3 (2/
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)
	156.6
	155.1
	169.5
	90.8


From table 5 and 6, we can see that option-1 with 1/
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 delay sample and option-3 with 2/
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 delay sample have similar throughput performance with DFT-based codebook regardless of the channel conditions and outperform option-2 with any delay sample. Therefore, either option except for option-2 can be employed as a small delay CDD matrix in combination with DFT-based codebook. However, the option-1 can provide beamforming gain for the UE having LOS channel. Hence, the option-1 seems more appropriate than option-3 in combination with DFT-based codebook for rank-1 case.

The results could be different if we employ different type of codebook scheme and assume different antenna configuration.
4. Conclusions

In this contribution, we evaluated the system throughput of the 4Tx CDD-based precoding with different delay relation options under various channel conditions. From the simulation results, we can conclude as follows:
· CDD-based precoding combined with DFT-based codebook

· Optimum delay sample is different according to the CDD matrix options

· Option-1 : 1/
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 delay sample
· Option-2 and -3  : 2/
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 delay sample
· Option-1 with 1/
[image: image35.wmf]h

 delay sample seems appropriate as a small delay CDD matrix due to its additional beamforming gain for the UE having LOS channel
· The performance results can be different if we employ different type of codebook scheme such as antenna selection based codebook.
· Therefore, further investigation is needed if other types of codebook is employed
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