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1. Introduction

This contribution details the system level simulation assumptions and metrics for performance evaluation of Closed Loop Transmit Diversity (CLTD). 
2. Simulation Scenarios and Associated Reference Transmitters
The following scenarios and the associated reference transmitters are to be simulated.
2.1. Genie Simulations

The genie simulations establish an upper bound on performance of CLTD. These simulations are conducted assuming that the channel is known at the NodeB for the purposes of determining the optimal beamforming weight vector.
Every time slot, the UE transmitter applies an ideal weight vector 
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to the   transmit antennas. The algorithm that determines the pre-coding vector is based on singular value decomposition (SVD) of the channel matrix. In case of multipath channels, the channel matrix is constructed using the dominant path of the channel delay profile. The pre-coding vector is chosen as the singular vector associated with the maximum singular value. The SVD based pre-coding can result in pre-coding vectors where the amplitude of the two weights are different. The pre-coding vector is applied at the UE without any errors in feedback. Note however that practical channel estimation is used for data demodulation purposes.
2.2. Practical Simulations

These simulations are conducted to evaluate realistic performance gains that can be obtained by employing CLTD. The UL pilot channel structure to be used is shown in Section 3. In these set of simulations the pre-coding weight vector is determined by the NodeB and fed back to the UE. The update rate, delay in pre-coding vector application and the codebook size are detailed in Table 2. 
The algorithm used for determination of the pre-coding weight vectors is based on individual implementations. However, a reference algorithm is presented below:

The NodeB receiver computed the weight vector 
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 in the previous slot is maximized. 

where
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 denotes the l:th channel matrix (contains all Tx-Rx pairs) for slot k. The channel matrix is constructed based on realistic channel estimates of the true channels. Note also that this algorithm assumes that the input power to the two transmit antennas is identical, i.e. 
[image: image5.wmf]2

1

w

w

=

.

The channel estimation schemes used for pre-coding weight vector determination and for data demodulation are to be described along with the simulation results.

2.3. Baseline Simulations

In the baseline simulations, the UE always transmits from antenna 1.
3. UL Pilot Channel Design for CLTD

Pre-coded pilot channel structure is used as the architecture for modelling CLTD in the system simulations. Figure 1 shows the pre-coded pilot channel design for CLTD


[image: image6]
Figure 1: Pre-coded pilot channel structure

The primary pilot, DPCCH, is pre-coded with the primary beamforming weight vector 
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where 
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, and the beamforming phase is denoted by [image: image10.wmf]1
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The scaled secondary pilot channel, S-DPCCH, 
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, is pre-coded with the orthogonal secondary beamforming weight vector: 
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The E-DPCCH, E-DPDCH and HS-DPCCH channels are pre-coded with the primary beamforming weight vector.
System Level Parameters
Table 1 lists the parameters that are to be used for both the single antenna simulations as well as the CLTD simulations. Many of the simulation assumptions are similar with the study on open loop transmit diversity (OLTD) captured in TR25.863 [2].
The parameters that are specific to CLTD are listed in Table 2.
Table 1: System Level Parameters
	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 NodeBs, 3 sectors per Node B with wrap-around

	Inter-site distance [m]
	1000, 2800

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometres

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
	Case 1 (3GPP ant):                                                     
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                                                                              = 70 degrees,   Am = 20 dB

Case 2 (3D ant): Custom antenna (e.g. Kathrein 742212) with 8 degrees down tilt (*)                                                       

	Channel Model
	PA3, VA30
PA0.1 (*)

	Penetration loss [dB]
	10

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	 –103.16 dBm

	HS-DPCCH 
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	0

	
	NACK [dB]
	0

	
	CQI [dB]
	0

	
	Pr[ACK]/Pr[NACK]
	0.5/0.5

	βec/ βc 
	15/15

	E-DPCCH Decoding
	Ideal

	Soft Handover Parameters
	R1a (reporting range constant) = 4 dB, 

R1b (reporting range constant) = 6 dB

	Thermal noise density
	-174 dBm/Hz

	Traffic model
	Full Buffer

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	0.25, 0.5, 1, 2, 4, 10 (Full Buffer Traffic)

	NodeB Receiver
	Rake (2 antennas per cell), 

Equalizer (*)

	Channel Estimation
	Realistic – 3 slot filtering

Other channel estimation algorithms if used should be indicated

	NodeB Receiver Loss due to CLTD algorithms
	No Rx Loss is modelled

	Uplink HARQ
	2ms TTI,Max # of trans =4,Target BLER=1% after 4th trans for Rake 
2ms TTI,Max # of trans =4,Target BLER=10% after 1st trans for EQ(*)

	Closed Loop Power Control Delay
	2 slots

	Outer Loop Power Control Delay [frames]
	4

	UL TPC Error Rate [%] 
	4

	Long term antenna imbalance [dB] (Note 1)
	0, -4(*)

	Short-term antenna imbalance [dB]  (Note 2)
	Gaussian distribution with 

µ = 0

σ = 2.25

	UE Tx Antenna Correlation
	0, 0.3(*), 0.7 (*)

	UE Rx Antenna Correlation
	0, 0.3 (*)

	E-DCH Scheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	To be described


An asterisk (*) indicates lower priority cases.
Note 1: The long term antenna imbalance is fixed for all the UE’s in a particular simulation.
Note 2: The short term antenna imbalance value is independently generated from the distribution on a per UE per link basis. Once generated, the short term imbalance does not change for the duration of the simulation.

Note 3: Although the system simulation assumptions only indicate 2ms TTI, this feature is in general also applicable to 10ms TTI and for R99 DPDCH as well.
Table 2: Closed Loop Uplink Transmit Diversity Parameters

	Parameters
	Values and comments

	Practical CLTD Weight Generation
	Based on realistic channel estimate to maximize the composite channel gain of the serving radio link set. (See Section 2.2 for reference algorithm)

	Pre-coding Codebook Size
	4 phases

	Number of Feedback Bits
	2

	Practical CLTD Weight Update
	Period
	1 slot

	
	Delay
	2 slots

	
	Error Rate [%]
	2% per bit

	
	Channel Estimation
	Realistic (3 slot filtering)


Any other assumptions made regarding the modelling of CLTD operation are to be described to a reasonable extent. 

4. Performance Metrics
The following metrics should be evaluated and compared between systems with and without closed loop uplink transmit diversity:
· Average and 10th percentile UE throughput – Absolute throughput as well as gain/loss of closed loop ULTD over no ULTD

· Average UE total transmit power – Absolute total transmit power as well as any reduction/increase from closed loop ULTD

· Average UE primary DPCCH transmit power – Absolute primary DPCCH transmit power as well as any reduction/increase from closed loop ULTD

· ROT – Mean and 90th percentile 

Whilst the above mentioned metrics are important to capture the gains from CLTD algorithms, companies are encouraged to provide any additional statistics that may shed insight into these algorithms. 
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