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DTX performance of SACCH for VAMOS
1 Introduction

As we know, the robustness of associated control channel could influence the network voice capacity. In MUROS feasibility study some investigation had been done and the research results are given in documents [1]

 REF _Ref221951027 \n \h 
[2]

 REF _Ref221951029 \n \h 
[3]

 REF _Ref221951031 \n \h 
[4]

 REF _Ref206907732 \n \h 
[5], but DTX was not taken into account in those papers. In this contribution, the impact of DTX on the SACCH relative performance is analysed and some simulation results about that are presented.
2 DTX performance analysis
Firstly, let us review the TDMA frame mapping for TCH/HS and SACCH/HS in legacy VAMOS mode (shown in Figure 1) and Shifted-SACCH mode (shown in Figure 2). For instance, there are 4 users (u1~u4) reusing 2 HR channels. The users u1 and u2 are legacy mobiles using the legacy TDMA frame mapping. The users u3 and u4 (or u3’ and u4’) are two MUROS mobiles. The differences between u3 (or u4) and u3’ (or u4’) are they using different frame mapping schemes. The former uses legacy frame mapping method, the latter uses the Shifted-SACCH mapping way proposed in the paper [1]. The mobiles u1 and u3 (or u3’) are two paired users in one HR channel. The mobiles u2 and u4 (or u4’) are two paired users in the other HR channel.
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Figure 1 TDMA frame mapping for TCH/HS + SACCH/HS in legacy VAMOS mode
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Figure 2 TDMA frame mapping for TCH/HS + SACCH/HS in Shifted SACCH mode
Discontinuous transmission (DTX) during speech inactivity is applied in various cellular speech communication systems. This is a technique in essence to turn off the transmission during periods of speech silence. The purpose is to reduce interference caused to other users concurrently transmitting on the air interface and to save battery power in the mobile stations. Then DTX is only operated in speech frame. The signalling frame does not have this transmission mode. That is to say, if the paired MUROS users employ the mapping method in legacy VAMOS mode shown as Figure 1, SACCH could not get the benefit of TCH DTX. The interference of SACCH is continuously exiting from the paired user. On the other hand, if the paired MUROS users employ the mapping method in Shifted-SACCH mode shown as Figure 2, SACCH information is transmitted simultaneously with the TCH frame of the paired user. If DTX is on, SACCH information could be transmitted in GMSK modulation with full power when the paired user’ speech is inactive. Obviously, in this case SACCH could get better performance. 
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Figure 3
Relative performance of the ACCH including FACCH and SACCH compared against the traffic channel was agreed to evaluate ACCH link level performance at GERAN #39. Figure 3 is an illustration for DTX performance analysis on SACCH. This figure represents the relative performance of legacy DARP receiver and the VAMOS situation, including comparison with and without DTX. As the legend shows, the identification letters a and b denote the relative value of the legacy DARP receiver and VAMOS, respectively. The value c and d denote the performance improvement of TCH and SACCH when DTX is on. For simplicity, 1% FER point is used for both TCH and SACCH. Thus, the performance degradation of SACCH when VAMOS being introduced could be obtained as follows
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From above it can be clearly seen that the performance degradation will be greater when DTX is on, that is
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. If Shifted-SACCH scheme is employed for MUROS users, the performance degradation will get improvement. The relative performance of SACCH against TCH for Shifted-SACCH mode could even be smaller than that of legacy DARP receiver. That means 
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is likely to be smaller than zero. The gap between SACCH and TCH could be reduced. The link level performance of SACCH would match better with the TCH. That would be helpful to voice capacity.
3 Simulation results
3.1 Simulation assumptions

The simulation assumptions are shown in Table 1.
Table 1 Simulation assumptions of link performance

	Parameter
	Value

	Propagation Environment
	Typical Urban (TU) 

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	ideal

	Interference/noise
	MTS-1, MTS-2

	Antenna diversity
	No

	DARP receiver
	VAR receiver 

	Tx pulse shape
	legacy linearized GMSK pulse shape

	Trainning sequence
	Existing sequence and new sequence proposed by NSN

	Channel type
	TCH AHS4.75, SACCH 

	Interference modulation type 
	GMSK, QPSK

	SCPIR
	0, -3dB

	DTX
	On/Off


3.2 Simulation results
The TCH performance without DTX has been normalized so that it reaches 1% FER @ C/I1=0 dB. DTX was modelled by a Markov state model with activity of 0.6 with average activity period of 1s.
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Figure 4 SACCH relative performance for DTX, MTS1
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Figure 5 SACCH relative performance for DTX, MTS2
Simulation results of SACCH relative performance with and without DTX are given in Figure 4 and Figure 5 and tabulated in Table 2 and Table 3. 
Table 2 SACCH relative performance for DTX, MTS1 
	　
	legacy DARP
	OSC_GMSKIntf
	OSC_GMSKIntf_
legacyMUROS_DTX
	OSC_GMSKIntf_
ShiftedSACCH_DTX

	AHS4.75
	0 dB
	0 dB
	-0.5 dB
	-0.5 dB

	SACCH
	1.8 dB
	2.6 dB
	2.6 dB
	1.2 dB


Table 3 SACCH relative performance for DTX, MTS2
	　
	legacy DARP
	MUROS_-3dB_QPSKIntf
	MUROS_
-3dB_QPSKIntf_
legacyMUROS_DTX
	MUROS_
-3dB_QPSKIntf_
ShiftedSACCH_DTX

	AHS4.75
	0 dB
	0 dB
	-0.6 dB
	-0.6 dB

	SACCH
	1.8 dB
	2.9 dB
	2.9 dB
	1.3 dB


From above it can be seen that the relative performance is degraded in legacy MUROS mode when DTX is on. The relative value in MTS1 is from 2.6 dB to 3.1 dB. The degradation of MUROS to legacy DARP receiver is from 0.8 dB to 1.3 dB. If Shifted-SACCH scheme was used, the relative performance of SACCH would be slightly better than legacy DARP receiver. The same situation also exists in MTS2 scenario. The degradation is from 1.1 dB to 1.7 dB when DTX is on. If Shifted-SACCH scheme was used, the loss of SACCH relative performance would be decreased from 1.7dB to 0.1dB in MTS2 scenario.
It should be noted that the simulation results here are not the maximum degradation value. Some aspects such as SCPIR, interference type may influence the degradation value. Then the link level performance degradation of SACCH for VAMOS should not be neglected.
4 Conclusions
In this contribution, the impact of DTX on the SACCH relative performance is analysed and some simulation results about that are given. From the analyses and the simulation results it can be clearly seen that the link level performance of SACCH could get benefit from Shifted-SACCH method especially in DTX mode. It is proposed to adopt this scheme for VAMOS capable networks and mobiles. 
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