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Further Performance Evaluation of VAMOS SACCH Enhancements
1. Introduction

In GERAN#43, it was agreed that the Repeated SACCH (RSACCH) technique shall be applied to VAMOS aware mobile stations. Other techniques such as Shifted SACCH [1] and DTX-based repeated SACCH (DRSACCH) [2], which are independent of the RSACCH scheme and also are independent of each other, have been proposed to enhance VAMOS SACCH performance. Downlink (DL) VAMOS SACCH performance with RSACCH, Shifted SACCH, and DRSACCH has been shown in [3].
This contribution further evaluates the DL VAMOS SACCH performance of the approaches that combine RSACCH with Shifted SACCH and/or DRSACCH. SACCH Layer 1 information throughputs of various SACCH enhancements are presented. The impacts of those combined techniques on TCHs are also evaluated. 

2. Simulation 
2.1 VAMOS SACCH enhancements

In this contribution, simulations are conducted for performance evaluation of further SACCH enhancement techniques shown in Table 1 below. For comparison, link level performance of SACCH and Repeated SACCH as well as TCH/AFS4.75 and TCH/AHS4.75 for VAMOS in both DTX and non-DTX modes is also evaluated. The DTX model used in the simulations is as defined in Sec. 5.1 of Feasibility of MUROS [4]. 
Table 1 VAMOS SACCH enhancement techniques
	VAMOS SACCH enhancements
	Expressions in short

	Repeated SACCH
	RSACCH

	Shifted SACCH
	shifted

	DTX-based repeated SACCH
	DRSACCH

	Combination of Shifted SACCH and DTX-based RSACCH
	shifted + DRSACCH

	Combination of Shifted SACCH and Repeated SACCH
	shifted + RSACCH

	Combination of DTX-based repeated SACCH and Repeated SACCH
	DRSACCH + RSACCH

	Combination of Shifted SACCH, DTX-based repeated SACCH, and Repeated SACCH
	shifted + DRSACCH + RSACCH


2.2 Simulation assumptions
Table 2 Simulation assumptions for VAMOS
	Parameter
	Value

	Speech codecs
	TCH/AFS4.75, 

TCH/AHS4.75

	Control channels
	SACCH, RSACCH, shifted, shifted+DRSACCH, shifted+RSACCH, DRSACCH+RSACCH, shifted+ DRSACCH+RSACCH

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal, Yes

	Interference
	MTS-2, GMSK modulated

	TSC pair for VAMOS 
	TSC-5 pair

	Activity factor for DTX
	0.6

	Receiver
	SAIC

	SCPIRs
	0 dB / -3 dB

	Subchannel
	VAMOS subchannel 1 and 0


2.3 SACCH error rate performance
Figs. 1 and 2 show the FER vs C/I performance of TCH/AFS4.75, TCH/AHS4.75 and SACCH as well as the enhanced SACCH for VAMOS for SCPIR equal to 0 and -3 dB, respectively.
These two figures demonstrate that shifted SACCH and/or DRSACCH can further improve the RSACCH performance by combining RSACCH. SACCH performance gains considered @ FER of 5% are shown in Table 3. RSACCH performance is considered as the reference.
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Fig. 1 Performance of VAMOS speech channels (with/without DTX) and control channel 
(SCPIR=0dB).
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Fig. 2 Performance of VAMOS speech channels (with/without DTX) and control channel

(SCPIR=-3dB).
Table 3 Performance gains with SACCH enhancements

	SACCH enhancements
	C/I gains @ FER of 5% (dB)

	
	SCPIR=0 dB
	SCPIR=-3 dB

	RSACCH
	0
	0

	shifted + RSACCH
	0.5
	0.7

	DRSACCH + RSACCH
	0.55
	0.6

	shifted + DRSACCH +RSACCH
	1.3
	1.5


2.4 Throughput of power control/timing advance commands
In the DL, SACCH transmits Layer 1 information such as power control (PC) and timing advance (TA) commands as well as system information. Although DL Layer 1 information may change slowly, it could also be updated with SACCH block by block. For normal SACCH, one PC/TA command is transmitted per SACCH block (a SACCH period is 480 ms); while for Repeated SACCH, based on [5], one PC/TA command could be delivered through either one SACCH block or two consecutive SACCH blocks. So do the techniques which combine RSACCH with Shifted SACCH and/or DRSACCH.

Figs. 3-4 demonstrate the DL SACCH Layer 1 information throughputs (the number of Layer 1 PC/TA commands per second) for various approaches. The combinations of RSACCH with shifted SACCH and/or DRSACCH yield the throughput gains compared to RSACCH. In this contribution, assume that in Repeated SACCH, if a current SACCH block cannot be correctly decoded by MS, a repetition of this SACCH block is transmitted by BSS at the next SACCH period. Note that this results in an ideal SACCH Layer 1 information throughput by RSACCH.
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Fig. 3 VAMOS SACCH Layer 1 information throughput (SCPIR=0dB). 
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Fig. 4 VAMOS SACCH Layer 1 information throughput (SCPIR=-3dB).
2.5 Impact of Shifted SACCH and DRSACCH on TCH
Concerns on the impact of Shifted SACCH and DRSACCH on TCH performance on VAMOS Subchannel were raised in the previous GERAN meetings. Figs. 5-8 in Appendix show that this performance impact is negligible. For all cases considered in this contribution, the worst TCH performance degradation which is due to the introduction of both Shifted SACCH and DRSACCH is about 0.05 dB at 1% FER. 
3. Summary
· RSACCH performance can be further improved with Shifted SACCH and/or DRSACCH techniques, which are independent of RSACCH;

· Combination of RSACCH with Shifted SACCH and/or DRSACCH yields throughput gains compared to RSACCH for all the range of C/I values considered; 
· The impacts on TCH performance due to introduction of Shifted SACCH and DRSACCH are negligible.
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Appendix   Impact on TCH performance
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Fig. 5 Impact of Shifted SACCH and/or DRSACCH on TCH/AFS4.75 (SCPIR=0dB).
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Fig. 6 Impact of Shifted SACCH and/or DRSACCH on TCH/AHS4.75 (SCPIR=0dB).
[image: image7.emf]0 1 2 3 4 5 6

10

-4

10

-3

10

-2

10

-1

10

0

VAMOS-TCH-AFS4p75-tux6p1-3km-900MHz-FH-MTS-2-DARP-SCPIR=-3dB

C/I (dB)

FER

 

 

w/o DTX

w/ DTX

shifted

shift+DRSACCH

3.48 3.485 3.49 3.495 3.5 3.505 3.51

10

-2

C/I (dB)

FER

 

 

w/o DTX

w/ DTX

shifted

shifted+DRSACCH


Fig. 7 Impact of Shifted SACCH and/or DRSACCH on TCH/AFS4.75 (SCPIR=-3dB).
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Fig. 8 Impact of Shifted SACCH and/or DRSACCH on TCH/AHS4.75 (SCPIR=-3dB).
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