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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. Among delay options, the large delay CDD precoding has been proposed to obtain diversity gain for the spatial multiplexing mode and shown significant gain under the open-loop scenarios in which channel information for channel dependent precoding is not available [2]-[6]. However, some contributions [7]-[8] show alternative structure of large delay CDD precoding in which phase shift diagonal matrix is employed on the virtual antenna domain in order to average CQI across the layers. In this contribution, we will show the gain from current structure of large delay CDD precoding under open-loop scenario and compare with alternative structure especially for rank-2 and rank-3 cases with 4Tx antennas.

2. Large Delay CDD Precoding
      So far, the CDD matrix has been employed on the antenna port in order to fully exploit frequency diversity gain or multi-user scheduling gain irrespective of the delay options. Several contributions [2]-[6] related to large delay CDD precoding show that fixed unitary matrix is enough to obtain full diversity gain under the open-loop scenarios since channel dependent precoding doesn’t provide performance gain under high Doppler frequency. Keeping that in mind, we can describe the large delay CDD precoding as follows
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Figure 1. Current large delay CDD precoding

In figure 1, for the sake of the simplicity, the matrix 
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 can be defined as fixed unitary matrix such as 
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 DFT matrix or Walsh Hardamad (WH) matrix. In addition, 
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 denote number of antenna port and rank, respectively. As shown in the figure 1, the CDD matrix can fully provide frequency diversity gain. As an example, we can present the large delay CDD precoding for four transmit antennas with fixed precoding matrix as shown in table 1.
Table 1. Current large delay CDD precoding
	Number of antenna ports 
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	CDD precoding with fixed WH matrix

	
	Rank-1 (R=1)
	Rank-2 (R=2)
	Rank-3 (R=3)
	Rank-4 (R=4)

	2
	-
	
[image: image7.wmf]11

22

11

1

2

jiji

ee

pdpd

××××××

éù

êú

-

ëû


	-
	-

	4
	-
	
[image: image8.wmf]11

22

33

22

22

22

11

1

2

jiji

jiji

jiji

ee

ee

ee

pdpd

pdpd

pdpd

××××××

××××××

××××××

éù

êú

-

êú

êú

êú

-

ëû


	
[image: image9.wmf]111

222

333

222

222

222

111

1

2

jijiji

jijiji

jijiji

eee

eee

eee

pdpdpd

pdpdpd

pdpdpd

×××××××××

×××××××××

×××××××××

éù

êú

-

êú

êú

-

êú

--

ëû


	
[image: image10.wmf]1111

2222

3333

2222

2222

2222

1111

1

2

jijijiji

jijijiji

jijijiji

eeee

eeee

eeee

pdpdpdpd

pdpdpdpd

pdpdpdpd

××××××××××××

××××××××××××

××××××××××××

éù

êú

--

êú

êú

--

êú

--

ëû




In table 1, we can simply use the delay samples across the antenna port as 
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3. Alternative Large Delay CDD Precoding
     In the contribution [8] submitted in the RAN1 #49 Kobe meeting, the alternative large delay CDD precoding structure was shown as figure 2.
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Figure 2. Alternative large delay CDD precoding [8]

In figure 2, 
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 denotes channel dependant precoding with PMI feedback information. However, if the PMI is not available at the Node-B, we have to use fixed precoding matrix. In addition, the matrix 
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 is defined as DFT matrix. As shown in figure 2, the alternative large delay CDD precoding structure employed on virtual antenna domain is constructed by combining CDD matrix and fixed unitary matrix in order to average CQI. In this case, the most significant problem with alternative structure under open-loop scenario is that the fixed precoding matrix may result in reducing diversity gain and having directivity. Therefore, severe performance degradation can be easily expected in open-loop scenarios including correlated channel.
4. Link-level Evaluation Results
In this section, we evaluate two different large delay CDD precoding structures under open-loop scenario by means of link-level simulation. In the link level simulation, we assume relatively high mobility channel environment in which long-term link adaptation with distribute mode resource allocation is normally used in order to provide robustness to highly time varying channel. For the sake of the simplicity, the DFT matrix is used as a fixed precoding matrix for both large delay CDD precoding structures. The following tables 3 and 4 include remaining link level simulation assumptions.
	Parameter
	Assumption

	OFDM parameters
	5 MHz

	Subframe length
	1.0 ms

	Resource allocation
	RB-level distribution mode

	# used resource
	3RBs

	Channel Models
	ITU-PedA and 6-ray TU 

	Channel Correlation (Tx, Rx)
	(0%, 50%) 

	Mobile Speed (km/h)
	60km/h, 120km/h

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

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

	Fixed precoding matrix  for
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	Nt x R  DFT matrix

	Fixed unitary matrix 
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	R x R  DFT matrix

	Delay samples for large delay CDD precoding
	 1/4 for current structure irrespective of the rank
1/2 with rank-2 and 1/3 with rank-3 for alt. structure

	Antenna configuration
	4 transmitter, 2 receiver (rank-2) => [4Tx, 2Rx]
4 transmitter, 4 receiver (rank-3) => [4Tx, 4Rx]

	Channel Estimation
	Perfect channel estimation

	MIMO receiver
	Minimum Mean Squared Error (MMSE) filter


Table 2. Basic simulation assumption

·  Performance of rank-2 large delay CDD precoding
      For the rank-2 link-level simulation, we assume that a UE has two receive antennas with 50% Rx correlation. In order to properly evaluate transmit diversity gain from the two structure of large delay CDD precoding, link performance is evaluated according to the MCS level without rank adaptation.

      Figure 3 and 4 show the performance of the two large delay CDD structures with QPSK modulation according to the channel coding rate. As seen in the figures, the current structure performs significantly better than the alternative structure especially under the frequency diversity limited channel as show in figure 3 since the current structure increase diversity benefit more efficiently.
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Figure 3. Performance comparison between two CDD precoding structures 

under ITU Ped-A channel with QPSK modulation [4Tx, 2Rx (Rank-2)]
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Figure 4. Performance comparison between two CDD precoding structures 

under 6-ray TU channel with QPSK modulation [4Tx, 2Rx (Rank-2)]
·  Performance of rank-3 large delay CDD precoding
For the rank-3 link-level simulation, we assume similar simulation conditions as rank-2 simulation except for the number of Rx antennas. As shown in the figure 5, the performance difference between two large delay CDD structures is slightly reduced since the severe loss of diversity gain from alternative structure is also reduced under rank-3 transmission with 4x4 antenna configuration. However, even under rank-3 transmission, the current structure outperform the alternative structure and the performance gain gets more significant as the channel coding rate goes higher.
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Figure 5. Performance comparison between two CDD precoding structures 

under ITU Ped-A channel with QPSK modulation [4Tx, 4Rx (Rank-3)]
From figure 6, it is shown that the current structure always provide more diversity gain even under rich frequency diversity channel. However, it is well known that the system performance isn’t improved even increasing diversity order if enough diversity order is already achieved. Therefore, the performance benefit from current structure seems to be reduced under 6-ray TU channel with lower channel coding rate.
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Figure 6. Performance comparison between two CDD precoding structures
under 6-ray TU channel with QPSK modulation [4Tx, 4Rx (Rank-3)]
·  Observation
      From the evaluation results shown above, we can see that significant performance gain from current structure as compared with alternative structure. Furthermore, the performance gain is more significant under frequency diversity limited channel and lower rank transmission since the fixed matrix in the alternative structure may reduce diversity order and have single direction that severely reduce system performance in open-loop scenarios. In the 3GPP LTE downlink, the performance of rank-2 transmission is most important since we normally assume that a mobile handset has two receive antennas. From system-level simulation of a lot of the previous contributions for the 4x4 antenna situation applying rank adaptation, it is well known that the portion of rank-2 transmission is quite larger than that of other rank transmission in most simulation environments.
5. Conclusions

In this contribution, we evaluated the link performance of the large delay CDD precoding according to the channel environment and compared between the current structure and the alternative structure under open-loop scenario. From the simulation results, we can conclude as follows:
· Current large delay CDD precoding structure always provides significant performance gain as compared with alternative structure under open-loop scenario.
· The performance benefit is more significant under rank-2 transmission and frequency diversity limited channel.

· Alternative structure is not properly operated under open-loop scenario since

· Fixed precoding matrix may reduce diversity order at the receiver and have single direction.
· CDD matrix couldn’t help to increase the frequency diversity gain.
· It is designed only for averaging CQIs across the layers.
Therefore, we strongly recommend the use of current large delay CDD precoding structure in order to fully exploit frequency diversity gain and provide robustness to highly time varying channel.
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