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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 [1][2]. In particular, single layer transmit diversity techniques are seen as means allowing the UE to use less power for transmitting larger amounts of data. This leads to a coverage improvement. At the same time the interference to neighbor cells is reduced which indirectly increases the whole network capacity.

In previous RAN1#59 – RAN1#60bis meetings, uplink open loop transmit diversity (OLTD) has been discussed in the framework of [2] where the UE performs these techniques autonomously with no additional signaling. While UE power saving and system capacity gains have been identified with this technique, several shortcomings of practical open loop schemes have also been identified, which leave room for further improvements:

· OLTD is performed autonomously by the UE and the network has no knowledge or control of the UE behavior when using OLTD. This may in some cases result in sub-optimal configurations and interactions and even lead to performance degradations.
· OLTD re-uses TPC commands to adapt the transmit weights to the radio channel. This indirect feedback signal has the main disadvantage of a slow convergence rate leading to modest or no performance enhancements with discontinuous transmissions and for moderate or high UE speed.

In this paper, we outline the concept of closed loop transmit diversity (CLTD), where explicit channel sounding and CSI (Channel State Information) feedback mechanisms are introduced in the HSPA uplink. We also provide initial simulation results showing that CLTD greatly outperforms single antenna transmission and reaches performances very close to the genie algorithms assumed for OLTD [3].
2. Uplink Closed Loop Transmit Diversity (CLTD)
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Figure 1. UL CLTD Scheme

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
[image: image4.wmf]q

 is the relative phase shift of the two antennas.
The advantage of introducing explicit CSI feedback with CLTD is twofold: It leads to improved accuracy and reduced delay for adapting the transmit antenna weights.

TPC commands used by OLTD can only give a very coarse estimate of the spatial channel information required for the adaptation of the transmit antenna weights. With explicit CSI the accuracy of the feedback is directly related to the size of the CSI codebook and can be adjusted as a trade-off between CSI granularity and signaling overhead. 
While the pure signaling delay between TPC commands and explicit CSI feedback may be similar (2 slots for TPC and here assuming 1 TTI for CSI), TPC based OLTD requires the reception of multiple subsequent TPC commands to converge towards the optimum transmit antenna weights. This leads to limitations in moderate and fast time varying channels and in scenarios with CPC or bursty traffic. Here reliable TPC commands may not available and/or may not allow the search algorithms to converge. In such scenarios, CLTD with explicit CSI has a clear advantage compared to OLTD since it is only subject to the pure signaling delay and does not rely on the convergence of search algorithms.
3. Initial system simulation results
This section shows some initial system simulation results for CLTD for two characteristic channels PA3 and VA30. 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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In practical realizations, the weights can be further optimized, such as using an increase codebook size or using power imbalance by modifying ‘
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’ as outlined in section 2.

Figures 2 and 3 show the CLTD performance for PA3 and VA30 channels compared to the OLTD genie/practical algorithm [3] and a baseline 1x2 system. Here the OLTD practical algorithm is ‘Algorithm 2’ in section 4.3.2 of [3].
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 1x2 baseline. The CLTD gain for PA3 ranges from 4% to 21%; and for VA30 channel 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 signaling 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 1TTI signaling 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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Figure 2 Average User Throughput vs. Cell Throughput on PA3 Channel
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Figure 3 Average User Throughput vs. Cell Throughput on VA30 Channel

Table1 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 


Table2 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 


4. Conclusion
In this document, we discussed uplink closed loop transmit diversity scheme which is 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 simulation result show considerable average UE throughput gains over the basic 1x2 system. On PA3 channel, the average gain reaches 14% and on VA30 channel, it is up to 10%. Note that the performance gets very close to the OLTD genie algorithm assumed in [3] thereby overcoming some of the limitations observed with practical OLTD algorithms.
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.
Overall we believe that CLTD is a valuable complement that should be further considered for improving the HSPA uplink.
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Appendix A
	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
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Channel information message from Downlink


















_1334068159.unknown

_1334068644.unknown

_1334069083.unknown

_1334068084.unknown

_1326630422.unknown

_1334067720.unknown

_1269167373.unknown

_1263286178.unknown

