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1. Introduction

The relevance of multiple antenna techniques for improving uplink capacity and coverage is widely recognised and corresponding work is ongoing in the RAN WGs for LTE and HSPA [5][6]. In particular, single layer transmit diversity techniques are seen as means allowing the UE to use less power for transmitting larger amounts of data which leads to a coverage improvement. Meanwhile the interference to neighbor cells can also be reduced which indirectly increases the whole network capacity. 

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 [6] 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.
In [1], a possible scheme for Closed-loop transmit diversity (CLTD) was presented together with initial simulation results, which can also be found in the Appendix of this paper for convenience. At RAN#48 a study item was proposed that would allow further investigations on CLTD schemes for UTRAN [7]. 
In this contribution, we focus on the theoretical analysis of beamforming type CLTD schemes and provide further details on CLTD in HSPA uplink.
2. Expected benefits and theoretical gains
For both types of diversity schemes, beamforming or switched antenna, studied in in the framework of [6], CLTD is expected to achieve better uplink performance than OLTD, but it needs explicit CSI feedback mechanisms which leads to core standard changes. While OLTD does not require feedback information it is unable to achieve the same performance as CLTD [1]. Moreover, CLTD provides means to the network to control UEs’ behaviour. This functionality is very effective in high load scenarios and avoids negative impacts on the system performance due to un-controlled UE behaviour. 

In the CLTD beamforming scheme, CSI is used to precode the transmitted signal over multiple transmit antennas so that the signals received at the Node B are constructively added, which in turn maximizes the receiver signal to noise ratio (SNR). This beamforming effect can reduce the UE transmit power while achieving the same receiver SNR, and brings gains for battery savings and heat reduction [2]. From a system perspective, the individual UE gains will also translate into a cell throughput gain. Concretely speaking, first, CLTD can extend the coverage and enhance the user experience due to the decreased transmit power. Especially in areas with limited coverage users are then able to enjoy increased data rates. Secondly, as a result of the reduction of interference to the neighbour cells, CLTD can bring cell throughput improvements and enhance the experience of all users in the cell, even those not using CLTD. Therefore, CLTD is a cost-effective technology for HSPA. 
In order to show the expected benefits of CLTD, first of all we provide some theoretical analysis of the transmit power gain achievable from CLTD beamforming, under both non-handover scenario and softer handover scenario. Here we assume two receive antennas at the Node B as the baseline implementation.
Table1 provides the theoretical gain of CLTD beamforming over the baseline 1x2 AWGN or Rayleigh channels, respectively. It is noteworthy that the gain above is under single path Rayleigh fading channel model. In practice, fading is possibly much deeper than single path Rayleigh channel, so the achievable gain can exceed the theoretical value in specific conditions. 
Table 1 The Theoretical Transmit Power Gain for Several Channels
	
	2x2 AWGN
	2x2 Rayleigh
	Softer Handover AWGN
	Softer handover Rayleigh

	Tx Power Gain(dB)
	3
	4.1
	6
	7.3


3. Basic CLTD beamforming scheme
There are several possible transmit schemes of CLTD beamforming. Here we preliminary divide them into two kinds, one is the non-precoded pilot scheme, the other is precoded pilot scheme. In the following, we briefly present the possible transmit schemes, and give some considerations on the receiver side.

3.1
Non-precoded pilot scheme
In this scheme as shown in Figure 1, UE transmits two orthogonal non-precoded pilot channels (DPCCH1 and DPCCH2), one for each antenna. The Node B estimates the channels from the two antennas and determines the appropriate transmit weights to maximize the received SNR. The transmit weights are fed back as CSI to the UE via downlink physical channel. The UE applies the transmit weights on the two transmit antennas on E-DPDCH/E-DPCCH channel (or even HS-DPCCH), where
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If the beamforming transmit weights set is {1, 0}, this scheme turns to close loop switched antenna.
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Figure 1 non-precoded pilot scheme
This scheme enables Node B to maintain continuous channel estimation, which is able to bring better performance. However, the inner loop power control will be disturbed somewhat since the data is transmitted in a precoded way but pilot is not. With regard to soft handover, we take the serving cell as the weighting factors determination entity so that the beam goes toward the serving cell. Therefore the non-serving cell needs UL signalling to know the beamforming weighting factors from UE to assist demodulation.
3.2
Precoded pilot scheme

Another kind of scheme is the precoded pilot scheme as shown in Figure 2. The data channel is transmitted in a similar way as in the non-precoded pilot scheme. However, the pilot channels are here also pre-coded with the weighting factors before transmitting. 

[image: image10.wmf]scramble

 

¡Æ

 

¡Æ

 

scramble

 

w

 

1

 

DPC

CH

 

1

 

w

 

2

 

DPC

CH

 

2

 

Ant

 

1

 

Ant

 

2

 

Weight Generation 

 

w

 

1

 

w

 

2

 

Determine 

PC

I 

message

 

from 

Down

link 

DPCCH

 

E

-

DPDCH

 

E

-

DP

C

CH

 


Figure 2 precoded pilot scheme
In contrast to the non-precoded pilot scheme, this scheme disturbs continuity of channel estimation since the weighting factors are changing, whereas it helps keep the inner loop power control stable. In soft handover scenario, the non-serving cell does not need UL signalling from UE, which will bring no change of the uplink channels.
3.3
Determination of CSI

At the Node B side, the receiver uses the two orthogonal pilot channels to estimate the channel seen from each antenna separately. Let
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in the case of two transmit and receive antennas, respectively. The Node B receiver calculates the weight vector w to maximize the channel capacity
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In practice, SNR maximization is more general than capacity maximization with a maximum ratio combining (MRC) receiver. Therefore, in the non-handover case, the transmit weights corresponding to maximum channel capacity are chosen as the optimal beamforming phase and amplitude
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And in softer-handover case, the weights are
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Where 
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 are the receiver noise of each antenna. 

3.4
UE Transmitter Implementation Impact
Applying CLTD scheme normally implies the need for 2 TX branches and a beamforming logic unit. In Figures 3-5, block diagrams of a transmitter of a CLTD beamforming UE are illustrated. As seen in the figures, the transmit chains are basically identical to a legacy single-antenna UE up to the output of the modulation block. 
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Figure 3 Block Diagram of non-precoded pilot CLTD transmitter
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Figure 4 Block Diagram of precoded pilot CLTD transmitter
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Figure 5 Beamforming Logic

The CLTD UE should introduce a beamforming block at the output of the modulation block, which is implemented in digital baseband and perform prior to RF modulation. Moreover, a logic block of transmit weights selection and the transmit weights application block as shown in Figure 5 is needed in baseband. In RF modulation block, obviously, two antennas, duplexers and additional power amplifier (PA) are needed.
3.5
Node B Implementation Impact
Concerning the network, CLTD beamforming has little impact on Node B hardware implementation assuming two receive antennas are available in the basic deployment. Only CSI determination algorithm and feedback signalling design are needed. Besides, we use current channel estimate
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3.6
Higher Layer Impact 
As described before, 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.
4
Conclusions

In this document, we discussed uplink closed loop transmit diversity (CLTD) schemes which are based on explicit uplink channel estimation and CSI feedback. This allows improved network control of the UE behavior and a faster adaptation of the transmit weights. 
The initial simulation results reported in [1] and shown again in the Appendix A indicate considerable average UE throughput gains over the basic 1x2 system. On a PA3 channel, the average gain reaches 14% and on a VA30 channel, it is up to 10%.  
Based on the discussion above, we list some of benefits of CLTD beamforming as follows:
· UE power saving
· Coverage extension and improved UE experience at cell edge
· System capacity improvement
Overall we believe that CLTD is a valuable complement that should be further considered for improving the HSPA uplink. In particular, the following items should be considered in future studies:
· Uplink channel sounding from two transmit antennas at the UE

· CSI feedback mechanisms and the related codebook

· Design of the related improvements in downlink and uplink control channels

· Impact on L2/L3 protocols
· Backwards compatibility and impact on legacy devices not supporting CLTD
· Analysis of the impact and the complexity on the network side
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Appendix A
For convenience, we recall again the system simulation results that were provided in [1]. 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
	PA3, VA30

	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

	Number of UEs per sector
	0.25, 0.5, 1, 2, 4 (Best effort data)

	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


For these simulations, we use a 2 bit codebook for CSI feedback, and the corresponding transmit weights are
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The performance results are compared to the baseline non-CLTD UE and OLTD genie/practical algorithm for the ITU 
Pedestrian A 3 km/h (PA3) channel and ITU Vehicular A 30 km/h (VA30) channel.
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Figure 6 Average User Throughput vs. Cell Throughput on PA3 Channel
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Figure 7 Average User Throughput vs. Cell Throughput on VA30 Channel

Table 2 PA3 Average UE throughput gain of CLTD and OLTD genie over baseline

	Algorithm
	UE number per Cell

	Gain(%)
	0.25
	0.5
	1
	2
	4

	CLTD
	4.67
	5.97
	21.68
	20.66
	21.51

	OLTD Genie
	3.14
	4.98
	23.30
	22.19
	23.28

	OLTD Practical
	3.77
	3.64
	5.99
	10.09
	10.28


Table 3 VA30 Average UE throughput gain of CLTD and OLTD genie over baseline

	Algorithm
	UE number per Cell

	Gain(%)
	0.25
	0.5
	1
	2
	4

	CLTD
	3.22 
	5.18 
	15.04 
	13.44 
	13.48 

	OLTD Genie
	4.79 
	6.47 
	18.17 
	16.83 
	17.44 

	OLTD Practical
	0.44 
	0.37 
	0.03 
	0.11 
	-0.30 


For low speeds in PA3 and even for moderate speeds in VA30, CLTD can obtain nearly the same performance as the OLTD genie algorithm. Table 1 and 2 present the detailed gains in average user throughput for CLTD, the OLTD genie algorithm and the OLTD practical algorithm compared to the baseline with only one transmit antenna. The CLTD gain for PA3 ranges from 4% to 21%, and for VA30 channel it ranges from 3% to 14%.

Note that for the OLTD genie algorithm only 1 slot delay is assumed which can hardly be realized in practical implementations. In practical implementations, even if the pure signalling delay can be kept to 2 slots the additionally required convergence time will not allow the OLTD algorithm to perfectly adapt to the channel in moderate and high speeds. 

For CLTD a realizable one TTI signalling delay is assumed in these simulations and the results confirm the rather good performance with a moderately time varying channel (VA30 scenario).
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