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1. Introduction

In this contribution, we studied which combination is preferable for rank adapted E-UTRA downlink single user MIMO system when both Node-B and UE equipped with two antennas. We compared various rank 1 schemes such as ACDD, ACDD with different power allocation [1], and codebook [2]. We assumed that rank 2 scheme is GCDD [3]. Here, we focused on case 1 scenario [4] except for BW with MMSE-SIC receiver.
2. Generalized CDD
In this section, we briefly introduce the proposed generalized CDD (GCDD) scheme that can support rate up to number of transmit antennas. The following figure shows the generalized CDD in frequency domain.
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Figure 1. Generalized CDD (GCDD) in frequency domain
As shown in the Figure 1, each stream is transmitted through all transmit antennas by multiplying different phase sequences and all different streams are combined in each transmit antenna. 

Table 1. Generalized CDD for 2 Tx
	Rate 1
	Rate 2
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Here, 
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 and 
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 denote subcarrier index and phase angle respectively. The phase angle 
[image: image6.wmf]q

 can be obtained by delay sample 
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, which is 
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. Note that the rank-1 GCDD vector is same as 2Tx ACDD scheme [1]. Other rank GCDD matrices are obtained by a unitary matrix for capacity lossless design under open-loop MIMO channel. The following figure shows the Nt transmit antenna, rank-R GCDD matrix.
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Figure 2. Scalability of the GCDD

3. System-level Simulation Results
To show which combination shows better performance for 2x2 MIMO when we switch rank 1 scheme and rank 2 scheme, we compared various 2x2 single user MIMO schemes with MMSE-SIC receiver.

The agreed numerology in [4] and other parameters agreed at 3GPP TSG RAN WG1 meeting #46 are used. Table 2 and 3 summarize simulation assumptions. We assumed that one resource block consists of 3 chunks (36 subcarriers) x 10 OFDM symbols. To show the best performance of each system, we assumed that every CQI and other information are delivered error-freely, and all available bands’ and streams’ CQI are reported.

	Parameter
	Assumption

	OFDM parameters
	5 MHz (300+1 subcarriers)

	Subframe length
	1.0 ms

	Resource block size
	36 subcarriers * 10 OFDM symbol
Localized Allocation

	Channel Models
	Typical Urban (6-ray), ITU-PedA (4-ray)

	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

	Codeword
	Multiple Codeword (MCW)

	Delay samples for GCDD and CDD
	2 for 3km/h

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

	Spatial correlation (Node B, UE)
	(0%, 0%) or (50%, 50%)

	MIMO receiver
	MMSE-SIC

	Channel Estimation
	Perfect channel estimation


Table 2. Basic simulation assumption
Table 3. 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)

	Scheduler
	PF

	Users per sector
	10

	Link Mapping
	EESM [5]

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

	CQI feedback delay
	3 TTI (3 ms)


We assumed that all CDD/GCDD delay sample are 2 for low speed user, and assumed that feedback information such as CQI, codebook index and rank information is reported every 5ms. All the results include a downlink overhead of 25%.
We compared (1, 2) rank adapted schemes with 2 codeword. Each user’s rank information is determined by capacity maximization rule. For rank 2 scheme, we adopt MMSE-SIC receiver.

We compared ACDD [1], which does not require any extra feedback information, and size 8 rank 1 codebook scheme [2], which requires 3 extra feedback information, and ACDD with different power allocation [1]. For ACDD with different power allocation, power allocation strategy is 
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, where g0 is power for first antenna and g1 is power for second antenna. If 
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 gives better performance, we feedback “0”, or we feedback “1”. This is similar to 1 bit codebook scheme with ACDD.
Table 4. Rank adapted GCDD performance (bps/Hz/Sector)
	
	TU 3km/h

0% Corr.
	TU 3km/h

50% Corr.
	PedA 3km/h

0% Corr.
	PedA 3km/h

50% Corr.

	Rate

1, 2
Rank adaptation
	ACDD/GCDD
	2.01
	1.88
	2.19
	2.04

	
	ACDD+PA /GCDD
	2.03
	1.90
	2.21
	2.06

	
	Codebook/GCDD
	2.07
	2.01
	2.22
	2.12
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Figure 3. Rank adapted GCDD performance

As shown in table 4 and figure 3, the spectral efficiency of three schemes are close to each other.
Table 5. User throughput comparison at 5% CDF, with PF scheduling (kbps)
	
	TU 3km/h

0% Corr.
	TU 3km/h

50% Corr.
	PedA 3km/h

0% Corr.
	PedA 3km/h

50% Corr.

	Rate

1, 2
Rank adaptation
	ACDD/GCDD
	185.1
	193.3
	193.6
	200

	
	ACDD+PA /GCDD
	201.8
	204.6
	208.7
	211.9

	
	Codebook/GCDD
	224.1
	240.7
	221.5
	239.8
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Figure 4. 5% User Throughput

In figure 4, numbers in blank are normalized 5% user throughput by ACDD/GCDD 5% user throughput, which show extra bit or precoding gain via ACDD scheme. As shown in table 5 and figure 4, precoding gain against ACDD scheme for 5 % user throughput is 14 % to 25 %.
Table 6. Percentage of selected rank

	
	TU 3km/h

0% Corr.
	TU 3km/h

50% Corr.
	PedA 3km/h

0% Corr.
	PedA 3km/h

50% Corr.

	ACDD/GCDD
	Rank 1
	26 %
	37 %
	35 %
	44 %

	
	Rank 2
	74 %
	63 %
	65 %
	56 %

	ACDD+PA /GCDD
	Rank 1
	36 %
	45 %
	42 %
	52 %

	
	Rank 2
	64 %
	55 %
	58 %
	48 %

	Codebook/GCDD
	Rank 1
	52 %
	72 %
	49 %
	69 %

	
	Rank 2
	48 %
	28 %
	51 %
	31 %
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Figure 5. Percentage of selected rank
4. Conclusions

We simulated ACDD, ACDD with different power allocation, and codebook scheme. Simulation results show precoding gives large effect on the 5 % user throughput while the spectral efficiency of three schemes are comparable. There is trade-off between extra feedback information and performance, so we need to discuss more about this subject.
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