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1
Introduction

The objective of the WI for “Continuous Connectivity for Packet Data Users” [1] is to reduce the overhead of physical control channels or related signalling messages of packet data users in order to significantly increase the number of packet data users that can be kept efficiently in CELL_DCH state over a longer time period.
The concept “Uplink DPCCH Gating” is described in [1]. The idea is simply to turn off the DPCCH whenever no data or HS-DPCCH is transmitted. This is an appealing approach which has the potential to significantly reduce overhead and thereby improve the overall air interface resources. On the other hand, turning off the DPCCH raises a number of questions regarding link level performance.
The contribution ‎[2] provided link level results, including BLER and throughput results for various gating patterns and channel models. The simulations were run without retransmissions, which should be sufficient for the purpose of verifying that the radio link can remain stable when the UL DPCCH is gated. In order to obtain absolute capacity gain figures, simulations with retransmissions would be needed. However, it is not expected that this would impact the system stability negatively, so the results of ‎[2] can be considered conservative.
This document is a continuation of ‎[2]. Two different simulation settings have been run, “ideal simulations”, and “realistic simulations”. Additions compared to the previous report:

· HS-DPCCH has been enabled in the simulations.

· Vehicular A 120 km/h has been simulated beside AWGN, Pedestrian A 3 km/h and Vehicular A 30 km/h.

· 2000-bit TB size has been simulated beside the 320-bit TB size.

· 10 ms TTI has been simulated beside 2 ms TTI (for the ideal simulation setting only).

· CQI decoding performance has been studied (for the realistic simulation setting only).

2
Simulation parameters

Common parameters for the ideal simulation setting and the realistic simulation setting are found in Table 1 below. Parameters specific for the two cases are found in Table 2. Note that all simulations have been run without retransmissions.
Table 1  Simulation parameters common for the two simulated cases
	Parameter
	Value
	Comment

	Gating pattern
	See Figure 1 and Figure 2.
	Basic pattern is 1 sub-frame E-DCH transmission followed by 9 sub-frames E-DCH “silent”.

	DPDCH
	OFF
	

	DPCCH slot format
	8 pilots + 2 TPC
	

	Channel models
	AWGN
Pedestrian A, 3 km/h

Vehicular A, 30 km/h

Vehicular A, 120 km/h
	

	UL power control
	ON
	0% error rate, 1-dB step size

	Node B Rx antennas
	2
	

	HARQ
	OFF
	One transmission


Table 2  Parameters specific for the two simulated cases
	Parameter
	Value, ideal
	Value, realistic

	TTI
	2 ms and 10 ms
	2 ms

	E-DCH data rate
	160 kbps (2 ms TTI, 320 bits TB size)

32 kbps (10 ms TTI, 320 bits TB size)
1.0 Mbps (2 ms TTI, 2000 bits TB size)
	160 kbps (2ms TTI, 320 bits TB size)

1.0 Mbps (2 ms TTI, 2000 bits TB size)

	E-DPDCH/DPCCH
	8 dB (2 ms TTI, 320 bits TB)

1 dB (10 ms TTI, 320 bits TB)

11.5 dB (2 ms TTI, 2000 bits TB)
	8 dB (2 ms TTI, 320 bits TB)

13 dB (2 ms TTI, 2000 bits TB)

	E-DPCCH/DPCCH
	0 dB
	0 dB

	HS-DPCCH/DPCCH
	HS-DPCCH off
	0 dB (2 ms TTI, 320 and 2000 bits TB)

	Simulation time
	10 000 frames (320 bits TB)
5 000 frames (2000 bits TB)
	5 000 frames

	Channel estimation
	Ideal
	TPC-aided 3-slot sliding average

	SIR estimation
	Realistic
	Realistic

	Path delay search
	Ideal
	Realistic

	Frequency estimation
	Ideal
	Ideal

	TPC loop delay
	1 slot
	2 slots

	Physical channels
	DPCCH + E-DPCCH + E-DPDCH
	DPCCH + E-DPCCH + E-DPDCH +
HS-DPCCH


The simulated transmission patterns are continuous DPCCH transmission, gating, gating with a 3-slot preamble, and gating with a 6-slot preamble. The repetition period of the transmission pattern is 2 frames (30 slots). The simulated transmission patterns for the 2 ms TTI can be found in Figure 1 and for the 10 ms TTI in Figure 2. The transmission patterns for the realistic simulation setting are the same as for the ideal simulation setting, except that the HS-DPCCH is also transmitted whenever the E-DCH is active. Consequently, the HS-DPCCH is active in one sub-frame out of ten sub-frames.

Figure 1   Simulated transmission patterns for the 2 ms TTI


Figure 2   Simulated transmission patterns for the 10 ms TTI
The 6-slot preamble has only been simulated with the ideal parameter setting.
3
Simulation results

The figures below provide simulation results for the ideal and the realistic simulations. Four channels have been simulated: AWGN, Pedestrian A 3 km/h, Vehicular A 30 km/h, and Vehicular A 120 km/h. Two figures are shown for each simulation, BLER vs. received Eb/N0 (per antenna), and throughput vs. received Ec/N0 (per antenna).

3.1
Simulations with 320 bit TB and 2 ms TTI

3.1.1
E-DCH simulation results for the ideal parameter setting
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3.1.2
E-DCH simulation results for the realistic parameter setting

[image: image9.png]BLER

-3
10

AWGN

—6— Continuous DPCCH transmission

-»- Gating
-9~ Gating with a 3-slot preamble
T T

0 2 4 6
Received Eb/No (per antenna) [dB]

10



[image: image10.png]Throughput [kbps]

160

140

120

100

80

60 -

7

¥
I
I
I
)

i
7
7
]
]

i
¢ !
!
7
i
i
7
FEy
7 it
i 7
14

[

—e— Continuous DPCCH transmission

=»= Gatin

9

40

-9~ Gating with a 3-slot preamble
r 3 T T ¥ | T T

-25

24

-23

-22

-21 -20 -19 -18 -17
Received Ec/No (per antenna) [dB]

-16

-15

-14



[image: image11.png]BLER

0
10 T
-1
10 .
2
107 .
—&— Continuous DPCCH transmission e
-»= Gating ~
-9~ Gating with a 3-slot preamble Y
10'3 T T T Y]
-2 0 2 4 6

ped A 3 kmph

Received Eb/No (per antenna) [dB]

10



[image: image12.png]Throughput [kbps]

ped A 3 kmph

T T
160
140
120
100
80
60 - L4 : s
—6— Continuous DPCCH transmission
-»- Gating
-9~ Gating with a 3-slot preamble
40 LA IT T T T T L Il Il L L
-25 -24 -23 -22 -21 -20 -19 -18 -17 -16 -15

Received Ec/No (per antenna) [dB]

-14



[image: image13.png]BLER

100
:s.-___*.““ !
",
-1
10 .
2
107 .
—8— Continuous DPCCH transmission %
-»- Gating N
5| =% Gating with a 3-slot preamble \
10" T T T i A
-2 0 2 4 6 8

veh A 30 kmph

Received Eb/No (per antenna) [dB]

10



[image: image14.png]Throughput [kbps]

veh A 30 kmph

T T
160
1401
g
A
1201 , :f'f’
+ !
I' !
s
g
100 AL
S
19
i
//
801 4
I'!!
S
4
/i
60 24 :
—6— Continuous DPCCH transmission
-»- Gating
-9~ Gating with a 3-slot preamble
40 LV T T A L Il Il L L

T
-25 -24 -23 -22 -21 -20 -19 -18 -17 -16 -15 -14
Received Ec/No (per antenna) [dB]



[image: image15.png]BLER

veh A 120 kmph

0
10
-1
10 |
2
10 |
—6— Continuous DPCCH transmission
-»- Gating
NS Gating with a 3-slot preamble
10 T T T L
-2 0 2 4 6

Received Eb/No (per antenna) [dB]

10



[image: image16.png]Throughput [kbps]

veh A 120 kmph

160

140

120

100

60 ,I' 4. : , 4

—6— Continuous DPCCH transmission
-»- Gating

-9~ Gating with a 3-slot preamble

40 7 T T T 7 T L Il Il L L
-25 -24 -23 -22 -21 -20 -19 -18 -17 -16 -15 -14

Received Ec/No (per antenna) [dB]





The gains by applying gating compared to the continuously transmitted DPCCH are summarized in Table 3. 

	Channel
	Ideal
	Realistic

	
	No 

preamble
	3-slot 

preamble
	6-slot 

preamble
	No 

preamble
	3-slot preamble
	6-slot 

preamble

	AWGN

· 50% BLER

· 5% BLER
	3.2 

3.2 
	2.7

2.7
	2.3

2.3
	2.8
3.1
	2.4
2.5
	-
-

	PedA 3

· 50% BLER

· 5% BLER
	2.8
0.9
	2.7
2.4
	2.2

2.2
	2.7
1.6
	2.5
2.4
	-
-

	VehA 30
· 50% BLER

· 5% BLER
	3.0

2.1
	2.7

2.7
	2.3

2.3
	2.7
2.6
	2.5
2.5
	-
-

	VehA 120
· 50% BLER

· 5% BLER
	3.2
3.2
	2.7

2.7
	2.2
2.4
	3.1

3.6
	2.4

2.5
	-

-


Table 3  Gain in dB compared to the continuously transmitted DPCCH, 2ms TTI, 320 bit TB
From the table it can be seen that the gains obtained with realistic algorithms are comparable with the gains obtained with an ideal receiver. Nothing in these results seems to indicate that there would be link-level stability problems when UL DPCCH gating is applied.
3.1.3
CQI simulation results for the realistic parameter setting

Results for CQI decoding performance are shown only for the realistic simulation setting.
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	Channel
	Realistic

	
	No

preamble
	3-slot

preamble

	AWGN

· 1 % P(NGdec)
	3.0

	2.4



	PedA 3

· 1 % P(NGdec)
	1.2


	1.7



	VehA 30

· 1 % P(NGdec)
	2.3

	2.0


	VehA 120

· 1 % P(NGdec)
	2.7


	2.7




Table 4
CQI performance results. Gain in dB compared to the continuously transmitted DPCCH, 2ms TTI, 320 bit TB
No unexpected results are found, but rather the findings are in line with the E-DCH results (compare Tables 3 and 4).

3.2
Simulation Results with 320 bit TB and 10 ms TTI

3.2.1
Simulation results for the ideal parameter setting

For the 320 bit TB realized on the 10 ms TTI only simulation results with the ideal parameter setting are presented.
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	Channel
	Ideal

	
	No

preamble
	3-slot

preamble
	6-slot

preamble

	AWGN

· 50% BLER

· 5% BLER
	1.5
1.5
	1.1
1.1
	0.8
0.8

	PedA 3

· 50% BLER

· 5% BLER
	1.4
1.3
	1.1
1.0
	0.8
0.8

	VehA 30

· 50% BLER

· 5% BLER
	1.4
1.3
	1.1
1.1
	0.8
0.8

	VehA 120

· 50% BLER

· 5% BLER
	1.4

1.3
	1.1

1.1
	0.8

0.8



Table 5   Gain dB compared to the continuously transmitted DPCCH, 10ms TTI, 320 bit TB
It is clear that the gains from gating are less for 10 ms TTIs compared to 2 ms TTIs (compare Tables 3 and 5). Also, the need of a preamble is more questionable for 10 ms TTI.
3.3
Simulation Results with 2000 bit TB and 2 ms TTI

3.3.1
Simulation results for the ideal parameter setting
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3.3.2
Simulation results for the realistic parameter setting
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	Channel
	Ideal
	Realistic

	
	No 

preamble
	3-slot 

preamble
	6-slot 

preamble
	No 

preamble
	3-slot preamble
	6-slot 

preamble

	AWGN

· 50% BLER

· 5% BLER
	 1.1
1.2
	1.0
1.0
	0.9
1.0
	1.3
1.6
	1.2
1.4
	-

-

	PedA 3

· 50% BLER

· 5% BLER
	0.8
-1.2
	0.9
0.5
	1.0
0.7
	1.1
-0.5
	1.3
0.8
	-
-

	VehA 30

· 50% BLER

· 5% BLER
	1.0
0.0
	1.0
1.2
	0.9
1.0
	1.0

0.7
	1.3
1.2
	-
-

	VehA 120

· 50% BLER

· 5% BLER
	-

-
	-

-
	-

-
	1.6
1.6
	1.3

0.9
	-

-


Table 6   Gain dB compared to the continuously transmitted DPCCH, 2ms TTI, 2000 bit TB

From the figures and the table above it is clear that the gains from gating are less for higher data rates compared to small and moderate data rates. This is expected since the power ratio between E-DPDCH and DPCCH increases as a function of the data rate. However, the trends are the same here as for lower data rates, but the preamble seems to be more important in this case.
This case (2000 bits transmitted every 20 ms) might be somewhat artificial, but it indicates that the E-DCH performance can be robust after a gating gap also for traffic with higher data rates than VoIP.
4
Conclusions

This paper shows E-DCH BLER and throughput performance for two different simulated cases, one more ideal and one more realistic case. Moreover, we consider the CQI decoding performance. A number of conclusions can be drawn from the results:

· The gating gain results of ideal and realistic simulations are in line with each other. The 1 Mbps scenarios show similar behaviour as the VoIP like service (160 kbps).

· The question whether a preamble is needed is intricate. However, from a robustness point of view a preamble seems suitable for 2 ms TTI, whereas for 10 ms TTI a preamble is probably not needed.

· The CQI decoding performance shows similar behaviour as the E-DCH performance. However, the gains from gating are less pronounced for the CQI than for E-DCH, and it is likely that βhs needs to be increased slightly resulting in a minor degradation of the overall gating gain.
· As expected, the results for 2 ms TTI show larger gains than the corresponding results for 10 ms TTI.
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