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Introduction
Closed loop transmission schemes have been available for the HSPA downlink since Rel-99. Recently, 3GPP discussed the merits of so-called “open loop” uplink TX diversity schemes although came to the conclusion that these schemes could be introducing significant risks to network operation due to the unpredictability of the many proprietary algorithms that must interact (power control, scheduling, UE based antenna/phase decision algorithms, RRM etc.). However the scope of the previous Study Item did not include so-called “closed loop” schemes, in which explicit feedback is sent from the Node B to the UE relating to adaptation of the TX antenna pattern. This paper shows results of simulation with double pilot switched antenna closed loop schemes introduced in [1].
Simulation assumptions
Table 1 – Simulation assumptions 
	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	2ms TTI: 2020

	Number of physical data channels and spreading factor
	2ms TTI TBS2020: 2xSF2

	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: 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, 1 slot and 3 slots

	SIR Estimation
	1 slot

	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%

	Propagation Channel
	PA3, VA3, VA30

	NodeB Receiver Type
	Rake Receiver

	Long term antenna imbalance [dB]
	-3 , 0, +3

	UE Tx Antenna Correlation
	0, 0.3, 0.7

	Period between decisions
	1, 5, 10, 15 slots

	Feedback Delay
	0

	UE DTX
	OFF


Schemes
Double pilot, single power control loop scheme
Both DPCCH channels are sent with the same transmission power. Due to channel differences received power of pilots differs for each antenna. NodeB estimates received SIR on both pilots and chooses antenna with best conditions for data transmission.
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Figure 1 – Double pilot, single power control loop scheme
Double pilot, double power control loop scheme
Two power control loops are operated so transmission power for each antenna is changed to keep certain level of received power. Received powers are to be equal for both pilots. Antenna in which power control loop offers lower transmission power is selected for data transmission.

This scheme has an advantage over previous one because UE knows exactly what power level is needed after a switch. Thuspower is not wasted like it would happen in case when common power control loop would need time to adjust power level on newly selected antenna.
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Figure 2 – Double pilot, double power control loop scheme
Results
This section shows relative terminal TX power gains (a positive value means less TX power) and relative RX power gains at NodeB. The reference case is a single TX antenna setup.

Simulations assumptions follow Table 1 if not stated otherwise. If simulations assumption denotes more than one value the one used in most of cases is marked in bold.
Table 2 – Closed loop TX diversity gains, PA3 channel
	Scheme
	Tx Diversity gains over reference [dB]

	
	Rx Ec/No
	Tx Ec/No

	double pilot,
double power control,
TX power based
	0.00
	1.84

	double pilot,
single power control,
SIR based
	-0.40
	1.28


Table 3 – Closed loop TX diversity gains, VA3 channel
	Scheme
	Tx Diversity gains over reference [dB]

	
	Rx Ec/No
	Tx Ec/No

	double pilot,
double power control,
TX power based
	-0.20
	0.70

	double pilot,
single power control,
SIR based
	-0.32
	0.36


Table 4 – Closed loop TX diversity gains, VA30 channel
	Scheme
	Tx Diversity gains over reference [dB]

	
	Rx Ec/No
	Tx Ec/No

	double pilot,
double power control,
TX power based
	-0.15
	0.00

	double pilot,
single power control,
SIR based
	-0.28
	-0.04


Conclusions:

· scheme with two power control loops gives higher gain than scheme with single power control loop because UE knows exactly what power is needed for transmission on newly selected antenna,

· scheme with two power control loops has smaller impact on RX Ec/No than single power control loop scheme because it avoids transmission with too high power,

· additional pilot overhead is compensated by gains coming from optimal antenna usage.

· scheme with single power control loop which base its decision on SIR estimates of pilots from both antennas gives gains lower than double power control scheme, but still higher than practical open loop schemes.
Antenna correlation impact

Table 5 – TX antenna correlation impact on closed loop TX diversity gains, PA3 channel
	
	Tx Diversity gains over reference [dB]

	
	TX antenna correlation

	Scheme
	0.0
	0.3
	0.7

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

	double pilot,
double power control,
TX power based
	0.00
	1.87
	-0.10
	1.84
	0.10
	1.51

	double pilot,
single power control,
SIR based
	-0.40
	1.28
	-0.40
	1.19
	-0.20
	0.95


Table 6 – TX antenna correlation impact on closed loop TX diversity gains, VA3 channel
	
	Tx Diversity gains over reference [dB]

	
	TX antenna correlation

	Scheme
	0.0
	0.3
	0.7

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

	double pilot,
double power control,
TX power based
	-0.20
	0.90
	0.00
	0.70
	-0.10
	0.57

	double pilot,
single power control,
SIR based
	-0.32
	0.39
	-0.20
	0.36
	-0.23
	0.21


Table 7 – TX antenna correlation impact on closed loop TX diversity gains, VA30 channel
	
	Tx Diversity gains over reference [dB]

	
	TX antenna correlation

	Scheme
	0.0
	0.3
	0.7

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

	double pilot,
double power control,
TX power based
	-0.15
	0.00
	0.11
	0.65
	0.03
	0.38

	double pilot,
single power control,
SIR based
	-0.28
	-0.04
	-0.22
	-0.01
	-0.29
	-0.16


Conclusions:

· gains decrease with increase of TX antenna correlation.
Antenna imbalance impact

Table 8 – TX antenna imbalance impact on closed loop TX diversity gains, PA3 channel
	
	Tx Diversity gains over reference [dB]

	
	TX antenna imbalance

	Scheme
	- 3 dB
	0 dB
	+ 3 dB

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

	double pilot,
double power control,
TX power based
	-0.10
	0.752
	0.00
	1.838
	-0.10
	3.616

	double pilot,
single power control,
SIR based
	-0.50
	0.014
	-0.40
	1.278
	-0.50
	2.976


Table 9 – TX antenna imbalance impact on closed loop TX diversity gains, VA3 channel
	
	Tx Diversity gains over reference [dB]

	
	TX antenna imbalance

	Scheme
	- 3 dB
	0 dB
	+ 3 dB

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

	double pilot,
double power control,
TX power based
	-0.20
	-0.091
	-0.20
	0.700
	-0.10
	2.758

	double pilot,
single power control,
SIR based
	-0.40
	-0.765
	-0.32
	0.362
	-0.45
	2.147


Table 10 – TX antenna imbalance impact on closed loop TX diversity gains, VA30 channel
	
	Tx Diversity gains over reference [dB]

	
	TX antenna imbalance

	Scheme
	- 3 dB
	0 dB
	+ 3 dB

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

	double pilot,
double power control,
TX power based
	-0.09
	-0.209
	-0.15
	0.003
	-0.08
	2.473

	double pilot,
single power control,
SIR based
	-0.37
	-1.072
	-0.28
	-0.038
	-0.48
	1.789


Conclusions:

· closed loop schemes, unlike open loop schemes, bring gains in PA3 even in negative antenna imbalance cases, losses in other channels are smaller in closed loop than in open loop schemes,
· scheme with two power control loops deals the best with negative antenna imbalance, 
· gains with positive antenna imbalance are higher for closed loop schemes than for open loop schemes.
Period between decisions impact

Table 11 – Antenna selection decision frequency impact on closed loop TX diversity gains, PA3 channel
	
	Tx Diversity gains over reference [dB]

	
	period between decisions

	Scheme
	1 slot
	5 slots
	10 slots
	15 slots

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

	double pilot,
double power control,
TX power based
	-0.10
	1.941
	-0.10
	1.928
	-0.10
	1.823
	0.00
	1.838

	double pilot,
single power control,
SIR based
	-0.40
	1.554
	-0.50
	1.351
	-0.40
	1.353
	-0.40
	1.278


Table 12 – Antenna selection decision frequency impact on closed loop TX diversity gains, VA3 channel
	
	Tx Diversity gains over reference [dB]

	
	period between decisions

	Scheme
	1 slot
	5 slots
	10 slots
	15 slots

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

	double pilot,
double power control,
TX power based
	-0.10
	0.883
	-0.10
	0.829
	-0.20
	0.747
	-0.20
	0.700

	double pilot,
single power control,
SIR based
	-0.35
	0.511
	-0.50
	0.296
	-0.41
	0.331
	-0.32
	0.362


Table 13 – Antenna selection decision frequency impact on closed loop TX diversity gains, VA30 channel
	
	Tx Diversity gains over reference [dB]

	
	period between decisions

	Scheme
	1 slot
	5 slots
	10 slots
	15 slots

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

	double pilot,
double power control,
TX power based
	0.03
	0.606
	-0.04
	0.325
	-0.09
	0.105
	-0.15
	0.003

	double pilot,
single power control,
SIR based
	-0.11
	0.587
	-0.28
	0.283
	-0.33
	0.018
	-0.28
	-0.038


Conclusions:

· ability to switch in every slot gives the highest gain,
· frequent decisions makes gains up to 0.6 dB possible even in VA30 channel.

Feedback delay impact

Table 14 – Feedback delay impact on closed loop TX diversity gains, PA3 channel
	
	Tx Diversity gains over reference [dB]

	
	feedback delay

	Scheme
	No delay
	1 slot
	2 slots
	3 slots

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

	double pilot,
double power control,
TX power based
	0.00
	1.84
	0.00
	1.78
	0.00
	1.76
	-0.10
	1.70

	double pilot,
single power control,
SIR based
	-0.40
	1.28
	-0.30
	1.31
	-0.30
	1.29
	-0.40
	1.22


Table 15 – Feedback delay impact on closed loop TX diversity gains, VA3 channel
	
	Tx Diversity gains over reference [dB]

	
	feedback delay

	Scheme
	No delay
	1 slot
	2 slots
	3 slots

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

	double pilot,
double power control,
TX power based
	-0.20
	0.70
	-0.13
	0.72
	-0.12
	0.72
	-0.13
	0.69

	double pilot,
single power control,
SIR based
	-0.32
	0.36
	-0.26
	0.43
	-0.26
	0.40
	-0.32
	0.36


Table 16 – Feedback delay impact on closed loop TX diversity gains, VA30 channel
	
	Tx Diversity gains over reference [dB]

	
	feedback delay

	Scheme
	No delay
	1 slot
	2 slots
	3 slots

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

	double pilot,
double power control,
TX power based
	-0.15
	0.00
	-0.14
	-0.01
	-0.16
	-0.05
	-0.23
	-0.13

	double pilot,
single power control,
SIR based
	-0.28
	-0.04
	-0.30
	-0.07
	-0.28
	-0.08
	-0.33
	-0.16


Conclusions:

· feedback delay reduces gains, but this reduction is not big,
· influence of feedback delay may be more important in case of more frequent switching as 15 slots period between decisions was used in these simulations.
Summary

Closed loop schemes bring higher gains than open loop schemes. Those gains come with small influence on Rx Ec/No at NodeB which was the major concern of network vendors raised during open loop study item.
Initial optimizations of power offsets for closed loop schemes were done, and the implication was that CL schemes would bring higher gains than presented in this paper if they were tuned to fit specific aspects of closed loop operation. Majority of the results were done with simulation assumptions from open loop studies for easier comparison and higher gains could be expected by adjusting parameters to optimize closed loop schemes operation.
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