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1. Introduction
In RAN1 meeting #51bis, the potential merits of closed-loop large delay CDD over closed-loop zero delay CDD where discussed intensively with primary focus on the system level evaluation presented in ‎[1]. This contribution considers the topic and presents system level results showing that closed-loop zero and large delay CDD provide essentially equal performance.

2. Transmission Modes
In the evaluation to follow, we compare two different transmission modes

1. Closed-loop zero delay CDD: This mode supports spatial multiplexing with dynamic rank adaptation among all possible ranks (from rank 1 up to maximum rank the antenna configuration supports, i.e. rank 2 in a 4x2 system). Pure spatial precoding based on feedback reports from the UE is performed to match the transmission to the channel characteristics. 

2. Closed-loop large delay CDD: This mode is the same as the previous one except that a large delay CDD operation is performed to mix the layers onto all virtual antennas in roughly equal proportion prior to the channel dependent pure spatial precoding.

3. Models and Assumptions

Table 1: Models and assumptions.
	Traffic and Mobility Models

	User distribution
	Uniform

	Terminal speed
	3 km/h, 60 km/h

	Data generation
	Full buffer

	Radio Network Models

	Distance dependent path loss
	L = 15.3+20*+37.6*log(d), d = distance in meters

	Shadow fading
	Log-normal, 8dB standard deviation

	Multipath fading
	SCM Urban Macro, two 0.5λ antenna pairs separated 10 λ

	Cell layout
	Hexagonal grid, 3-sector sites, 21 sectors in total

	Inter-Site Distance (ISD)
	500m

	General System Models

	Spectrum allocation
	5MHz

	Base station power
	20W

	Max antenna gain
	14dBi

	Modulation and coding schemes
	QPSK, 16QAM, and 64QAM, Rel-6 turbo codes, rates 0.1, 0.14, 0.2, 0.25, 0.33, 0.4, 0.5, 0.6, 0.67, 0.75, 0.8, 0.89

	Channel estimation
	Ideal

	Channel quality estimation
	error-free feedback with 3 subframes  feedback delay

	Reuse
	Uncoordinated reuse 1

	Traffic load
	4 users per cell

	HARQ
	Yes, non-blanking

	CQI and PMI granularity
	4 RB for 3 km/h, wideband for 60 km/h

	Feedback delay
	3 subframes

	E-UTRA Characteristics

	Transceiver antennas 
	4x2

	Receiver
	MMSE receiver, SIC receiver 

	Scheduler
	Round robin

	Link adaptation
	Initial MCS selection with BLER target of 10%


4. System Level Simulation Results
System level simulation results for the cases of 3 km/h and 60 km/h are given in Table 2 and alternatively illustrated in Figure 1 and Figure 2. As expected, the performance is seen to decrease with increasing mobility. It is also seen that the performance difference between the zero and large delay CDD is negligible and that the SIC receiver does not provide much gain, One possible explanation for this is that these simulations utilize accurate modeling of the inter-cell interference, thus characterizing its bursty nature which severely degrades the quality of the CQI reports even in 3 km/h. Since SIC receiver rely on accurate CQI reporting, it is not surprising that the gains are very modest. In addition, the presentend differences in performance for the four cases all fall within the error margin due to limited statistics in the simulations.                                         . 

Table 2:  System throughputs for the various combinations of zero/large delay CDD and receiver types.
	Scheme
	No CDD MMSE
	CDD MMSE
	No CDD SIC
	CDD SIC

	System throughput [Mbps]: 3 km/h
	12.25
	11.96
	12.45
	12.18

	System throughput [Mbps]: 60 km/h
	10.16
	9.88
	9.96
	10.03
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Figure 1: System throughput for the various transmission schemes and receiver types for 3 km/h mobility.
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Figure 2: System throughput for the various transmission schemes and receiver types for 60 km/h mobility.
5. Summary and Conclusions
This contribution present system level simulation results comparing closed-loop zero and large delay CDD. The two schemes were found to perform very similar regardless of receiver type. Therefore, adding support for also closed-loop large delay CDD in LTE when a closed-loop mode is already present does not seem justifiable.
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