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1 Introduction

Transmit diversity is one of the anti-fading technologies in wireless communication using the identical signals that originate from two or more independent signal sources which have been modulated with the same information-bearing signals.
According to the feedback requirement, transmit diversity can be categorized into open-loop and closed-loop schemes. In previous RAN1#59 – RAN1#60bis meetings, uplink open loop transmit diversity (OLTD), including beamforming and switched antenna schemes, has been discussed in the framework of [1] where the UE performs these techniques autonomously with no additional signaling. Closed-loop transmit diversity (CLTD) schemes, on the other hand, require explicit feedback messages with channel state information (CSI) provided by Node B receiver.
At RAN#48 and RAN#49 a study item proposal was proposed that would allow further investigations on CLTD schemes for UTRAN [2][3]. In this contribution, we focus on the basic concept and the modifications to the system of beamforming type CLTD schemes and provide some initial system simulation results on CLTD in HSPA uplink.
2 Basic Concept
The CLTD beamforming scheme asks each UE to estimate the channel state and feedback channel quality indication (CQI) and precoding control indication (PCI) to the NodeB. So the pilot should be configured on both two different transmit antennas, and there exists two ways, one is the non-precoded pilot scheme, the other is precoded pilot scheme [4]. We prefer the precoded pilot scheme because the stable of inner loop power control can be achieved and it does not need uplink signalling to notify the non-serving cells which precoding weight has been selected when implementing handoff compared to the non-precoded pilot scheme. The basic block diagram for uplink CLTD is shown as in Figure 1, 
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Figure 1: Closed Loop Beamforming Diversity

Figure 1 presents the basic closed loop transmit diversity scheme. Two orthogonal DPCCHs, one for each antenna, are sent in the uplink for channel estimation. The NodeB estimates the channels from the two antennas and determines the appropriate transmit weights, which are feed back as CSI to the UE. From this feedback, the UE determines the transmit weights for the two antennas where
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is the normalized amplitude and
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 is the relative phase shift of the two antennas. As in the HSDPA transmit diversity, the precoding weights can be adopted into the UL.
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The above precoding weights need 2 feedback bits. If the feedback bits is allowed, the codebook size can be increased to facilitate the NodeB obtain more accurate channel information.
2.1 Impact on the NodeB receiver processing

At the NodeB receiver, the channel estimate for E-DPCCH demodulation is implemented for CLBF. The NodeB has to select one procoding code from the available codebook. And in general, the signal to noise ratio (SNR) is as the criteria. 
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Let
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stand for the CLTD beamforming wireless channel, where
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in the case of two transmit and receive antennas, respectively. And
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 are the precoding weights for each antenna.

2.2 Support the feedback
The CLTD scheme needs the explicit feedback information from NodeB to denote the appropriate precoding code and we can use the F-DPCH to bear it or define a new channel.
2.3 Modifications on UE transmit

As in Figure 1, the CLTD scheme normally implies the need for two transmit branches and a beamforming logic module. In RF modulation block, obviously, two antennas, duplexers and additional power amplifier (PA) are needed.

2.4 Impact on higher layer
One of the most important advantages of CLTD over OLTD is that CLTD is under the control of the network, which avoids the sub-optimal configuration, interactions or even performance degradation. In order to enhance the flexibility of the system configuration, new signalling from the higher layers are necessary for controlling CLTD feature in the network. Therefore, it is expected to introduce new signalling indicating CLTD operation start or stop in the higher layers which can use RRC signaling.
Moreover, the new core requirements for CLTD will be needed due to the uplink diversity algorithms. 
3 System simulation results
This section shows some initial system simulation results for CLTD. The detailed simulation assumption can be found in the Appendix A.

For these simulations, we use a 2 bit codebook for CSI feedback, and the corresponding transmit weights are 
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Figure 2 and Figure 3 show the CLTD performance for SCM 3 channel compared to the OLTD genie/ practical algorithm [4] and a baseline 1x2 system. Here, the OLTD Genie algorithm is specified in section 4.2.2 of [5] and the OLTD practical algorithm is the Algorithm 2 in section 4.3.2 of [5]. Note that the OLTD Genie algorithm only has one slot signaling delay. However, this assumption is hardly achieved in actual systems. In the practical implementation, the CLTD strategy can be easier implemented than the OLTD Genie method. Because the CLTD strategy has one TTI (three slots) signaling delay and it is reasonable for practical system to realize this feedback delay margin. Surly, the penalty of this longer signaling delay cycle is the lower performance in our simulation.
From Figure 2, we can conclude that the CLTD algorithm can get almost the same performance evaluation as the OLTD genie algorithm. Table 1 has presented the specific values of gain in average user for CLTD, the OLTD genie algorithm and the OLTD practical algorithm compared with the 1x2 baseline. From the data we can see the CLTD gain for SCM 3 in average user throughput ranges from 6% to 22%. 

In Figure 3, we can find that the diversity schemes save transmit power compared with no transmit diversity. The CLTD scheme saves more power due to the accurate CSI.
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Figure 2: Average User Throughput vs. Cell Throughput
Table1: SCM 3 Average UE throughput gain of CLTD and OLTD over baseline
	Algorithm
	UE number per Sector

	Gain(%)
	0.25
	0.5
	1
	2
	4

	CLTD
	20.35
	16.22
	22.27
	8.71
	6.12

	OLTD Genie
	20.57
	16.20
	22.20
	9.67
	6.75

	OLTD Practical
	14.48
	9.90
	12.18
	4.07
	3.76
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Figure 3: CDF of UE Transmit Power
4 Conclusions
In this contribution, further insights on the closed loop beamforming diversity are demonstrated and the initial system simulation is presented. To support CLTD, new downlink CSI feedback channel should be discussed as well as some modification on the uplink control channel. Also the CSI codebook design may be further optimized.
The CLTD scheme is worthwhile further discussion to enhance the HSUPA system performance.
5 References

[1] RP-090987, Study item Description: Uplink Tx Diversity for HSPA
[2] RP-100613, SI proposal: Study of Uplink Closed Loop Transmit Diversity for UTRAN, Huawei, China Unicom
[3] RP-100933, SI proposal: Study of Uplink Closed Loop Transmit Diversity for UTRAN, Huawei
[4] R1-104750, “Uplink Close Loop Transmit Diversity for HSPA”, Huawei
[5] 3GPP TR25.863, Uplink transmit diversity for High Speed Packet Access (HSPA) (Release-10)
Annex A: Simulation Assumptions
The simulation assumptions used to study the performance of CLTD are in the table below. Transmit scheme in Figure 1 is applied, and all the simulations are run with the phase only mode.
	Parameters
	Values and comments

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

	Inter-site distance [m]
	1000

	Carrier Frequency
	2000 MHz

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

	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                                                           

	Channel Model
	SCM 3km/h

	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

	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

	Total number of UEs per sector
	0.25, 0.5, 1, 2, 4

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	Realistic

	UL TPC Generation
	Based on 1 slot received signal energy of the intended UE.

	Uplink HARQ
	2ms TTI, Max # of transmission =4, Target Residual BLER = 1%

	Closed Loop Power Control Delay
	2 slots

	UL TPC Error Rate [%] 
	4

	Long term antenna imbalance [dB]
	0

	Short-term antenna imbalance [dB]
	Gaussian distribution with 
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	E-DCH Scheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	Proportional Fair
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