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1. Introduction
This contribution presents simulation results of the performance of UL TX antenna diversity in the presence of discontinuous transmission. For the simulated VoIP scenarios, the practical switched antenna schemes remain, by large, unaffected by DTX, although the beamforming schemes seem to suffer. Overall, we observed moderate TX diversity gains.
2. Link level simulation assumptions

This section presents major assumptions, based on the document [2]. 
Deviations from the agreed parameters in order to measure CPC impact on Transmit Diversity schemes are as follows:
· VoIP service of 160 kbps was simulated.
· Outer power control loop targets 10% BLER after 1st transmission.
· The maximum number of H-ARQ transmissions was set to 2.

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	2ms TTI: 320

	Number of physical data channels and spreading factor
	2ms TTI TBS2020: 1xSF4

	20*log10(βed/βc) [dB]
	2ms TTI TBS2020: 9

	20*log10(βec/βc) [dB]
	2ms TTI: 2

	Number of H-ARQ Processes
	2ms TTI: 8

	Target Number of H-ARQ Transmissions
	2ms TTI: 2

	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, 3 slots

	SIR Estimation
	1 slot

	Inner Loop Power Control
	ON

	Inner Loop PC Step Size
	+/- 1 dB

	Outer Loop Power Control
	ON

	OLPC Operating Point
	10% after 1st transmission

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

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

	Propagation Channel
	PA3, VA3, VA30

	NodeB Receiver Type
	Rake Receiver

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	DTX ON, TX every 16ms
preamble: 2 slots, postamble: 1 slot


3. Discontinuous transmission description
Voice over IP service of 160 kbps was simulated for a number of transmit diversity schemes.
One data packet was generated every 16 ms. DPCCH transmission precedes data transmission on E-DPDCH by 2 slots and follows it by 1 slot.

For antenna switched diversity, the decision on the antenna to use in a radio frame is based on counting up the TPC commands that happen to be available in the previous radio frame. If no TPC commands are present then antennas are not switched. Some improvements to this fairly simple method cannot be ruled out.
In the case beamforming diversity, we evaluated a few options of adapting the algorithm TX2b of [3] to the DTX cycle. The one that performed best was to set the evaluation period to 3 slots (instead of 6 in absence of CPC) and align the start of the evaluation period to the start of DPCCH activity. Antenna weights are not modified during DTX. The cardinality of the antenna weigh set was 8.
4. Link level simulation results
This section shows relative TX Ec/No gains (a positive value means less TX power compared to reference) and RX Ec/N0 gains (positive value indicates smaller RX Ec/N0 compared to reference).

The reference case is a single TX antenna setup, either with or without the DTX pattern, depending on the simulation.
Gain due to DTX columns in the following tables compare the Tx diversity gains achieved in the presence of DTX with the gains achieved in the absence of DTX (negative value indicates less improvement when discontinuous transmission is present).

Algorithm descriptions for the genie, TX1b and TX2b algorithms can be found in [3]. The results for algorithm TX4 are given without an algorithm description.
4.1. Switched Antenna Transmit Diversity schemes

Table 1 – Tx and Rx Ec/No gains - Genie scheme
	Channel
	Gain over Ref
	"Gain" due to DTX

	
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No

	PA3
	0.10
	2.28
	0.20
	0.04

	VA3
	0.00
	1.24
	0.00
	0.05

	VA30
	-0.10
	0.29
	0.30
	0.17




Table 2 – Tx and Rx Ec/No gains - TX1b Practical Diversity scheme [3]
	Channel
	Gain over Ref
	"Gain" due to DTX

	
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No

	PA3
	-0.50
	0.92
	0.30
	0.14

	VA3
	-0.30
	0.30
	0.00
	0.01

	VA30
	-0.10
	-0.01
	0.20
	0.10




Table 3 – Tx and Rx Ec/No gains – TX4 Practical scheme
	Channel
	Gain over Ref
	"Gain" due to DTX

	
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No

	PA3
	-0.50
	0.77
	0.30
	0.01

	VA3
	-0.30
	0.24
	0.00
	-0.07

	VA30
	-0.10
	-0.01
	0.20
	0.11


4.2. Beamforming schemes
Table 4 – Tx and Rx Ec/No gains - Genie Beamforming scheme
	Channel
	Gain over Ref
	"Gain" due to DTX

	
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No

	PA3
	0.10
	2.92
	0.10
	-0.02

	VA3
	0.00
	1.71
	0.00
	0.02

	VA30
	0.00
	1.54
	-0.10
	-0.18


Table 5 – Tx and Rx Ec/No gains – TX2b Practical Beamforming scheme [3]
	Channel
	Gain over Ref
	"Gain" due to DTX

	
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No

	PA3
	-0.45
	0.88
	-0.05
	-0.38

	VA3
	-0.20
	0.26
	0.00
	-0.22

	VA30
	-0.10
	-0.10
	-0.10
	-0.06


5. Observations and Conclusion
We can make the following observations based on the simulation results:
· The simulated practical schemes remain, by large, unaffected by the DTX; arguably beamforming suffers more degradation than switched antenna diversity.
· In any case, gains that may be called meaningful can be observed only in the non-diverse PA channel profile.
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