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1 Introduction
In recent RAN1 meetings companies have discussed the potential benefits of uplink Closed Loop Transmit Diversity (UL-CLTD), for example see [1] - [6].  In a previous contribution, the potential gains of UL CLTD with beamforming (CL-BFTD) were demonstrated for an advanced receiver structure [6].  This contribution examines the performance of the pre-coded DPCCH CL-BFTD scheme in a RAKE receiver structure. 
2 Link Layer Analysis
2.1 Simulation Settings
In the pre-coded DPCCH scheme, as described in [4], the primary DPCCH is pre-coded with the same pre-coding vector as E-DPCCH and E-DPDCH, while the secondary DPCCH is pre-coded with an orthogonal pre-coding vector.  In this contribution, the secondary DPCCH has the same number of pilot bits as the primary DPCCH and the same channelization code, but uses a new orthogonal pilot pattern.  The pre-coding vectors are generated based on singular value decomposition (SVD) of the channel matrix; using this algorithm, both the magnitude and phase of the pre-coding weights are determined.  Results for the SVD algorithm are shown in Section 2.2.

In addition to the SVD generated weights, finite codebooks were also investigated, in which the phase of the SVD pre-coding weights is quantized as limited by codebook size and equal amplitude is assumed (phase-only).  Results for this phase-only finite codebook algorithm are shown in Section 2.3 for various codebook sizes.
The closed loop algorithm is assumed to apply the SVD weights or the quantized codebook weights two slots after the slot in which the DPCCHs which were measured were received by the NodeB. 

The link level simulation parameters for this evaluation are presented in Table 2 in the Appendix; the parameters are similar to those agreed upon for the open loop transmit diversity study item [7].  
2.2 SVD-based unquantized case

The gains in Tx Ec/No and Rx Ec/No were used as metrics for evaluating the performance of CL-BFTD in a RAKE receiver structure.  The gains are calculated relative to a single antenna non-diversity architecture.  The performance gains in a PA3, VA30 and flat fading channel with 3 km/hr Doppler using non-quantized pre-coding weights and a pre-coded weight update rate of once per slot are given in Table 1.  The results confirm that significant transmit power reduction can be achieved (close to 3dB for slowly varying channels and 1dB for VA30) at the UE with CL-BFTD with minimal impact on NodeB receiver performance.
Table 1
Tx Ec/No and Rx Ec/No gains for non-quantized pre-coding weights and a weight update rate of one time slot
	
	Flat Fading (3km/hr)
	PA3
	VA30

	Tx Ec/No Gain [dB]
	3.2
	2.7
	1.2

	Rx Ec/No Gain [dB]
	-0.04
	-0.02
	-0.1


2.3 Finite codebook size case, phase-only
For each of the three channels under considerations, the codebook size was varied from 4, 8, 12, 16 and 32 and the update rate changed from 1 to 50 slots.  The following can be observed from Figure 1-Figure 6:

· For all cases codebook sizes larger than 8 do not have significant differences in Tx Ec/No gains for all three channel conditions;

· The slow channels have significant losses in Tx gain when the update rate is slower than every 10 slots;

· The VA30 channel shows considerable degradation for update rates slower than every 3 slots;
· The Rx Ec/No loss is generally less than 0.2dB for the slowly varying channels and less than 0.3-0.4 dB for VA30.  For VA30 with an update rate of every slot, the Rx Ec/No is less than 0.2dB;

· A loss from using equal-amplitude pre-coded weights can be observed. This loss is approximately 0.5 dB for flat fading with 3km/h Doppler, 0.3dB for PA3, and 0.2dB for VA30.
· The resulting Tx Ec/No gain for large codebook size is approximately 2.7dB for flat fading with 3km/h Doppler, 2.5dB for PA3, and 1dB for VA30.
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Figure 1: Tx Ec/No Gain [dB] versus codebook size for flat fading channel with 3km/hr Doppler compared to the non-diversity case for various update rates
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Figure 2: Rx Ec/No Gain [dB] versus codebook size for flat fading channel with 3km/hr Doppler compared to the non-diversity case for various update rates

[image: image3.png]Delta Tx Ec/No [dB]

25

15

0.5

——1slot

—8—2slots
—#—3slots
—=—=5slots

10

15 20
Codebook Size

25

30

35

10slots
~@®—20slots
~—+—30slots

~———50slots





Figure 3: Tx Ec/No Gain [dB] versus codebook size for PA3 channel compared to the non-diversity case for various update rates
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Figure 4: Rx Ec/No Gain [dB] versus codebook size for PA3 channel compared to the non-diversity case for various update rates
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Figure 5: Tx Ec/No Gain [dB] versus codebook size for VA30 channel compared to the non-diversity case for various update rates
[image: image6.png]Delta Rx Ec/No [dB]

0.2

0.1

-0.2 +

-03

10

15 20

Codebook Size

25

30

35

=—o—1slot
——2slots
—#—3slots
===5slots
—#—10slots
—8—20slots
~+=30slots

~———50slots





Figure 6: Rx Ec/No Gain [dB] versus codebook size for VA30 channel compared to the non-diversity case for various update rates

3 Conclusions
This contribution presents potential gains from a pre-coded DPCCH CLTD scheme in a RAKE receiver structure.  The results show gains in transmit power in the order of 1dB-2.7dB for both fast and slow fading channels without significant degradation in the receive power.
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5 Appendix

Table 2
Link simulation parameters.

	Parameter
	Value

	Physical Channels
	E-DPCCH (ideal decoding), E-DPDCH, DPCCH, DPCCH2

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	2020

	Number of physical data channels and spreading factor
	2xSF2

	20*log10(βed/βc) [dB]
	9

	20*log10(βec/βc) [dB]
	2

	20*log10(βc2/βc) [dB]
	0

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	Residual BLER
	1%

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic

	Path searcher
	Ideal

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	+/- 1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	4%

	UL CLTD Error Rate (sent on F-DPCH)
	0%

	Propagation Channel
	Flat Fading (3 km/hr), PA3, VA30

	NodeB Receiver Type
	RAKE Receiver, 2 Rx antennas

	Antenna Imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF




















































































































