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System Level Evaluation of Repeated SACCH and Shifted SACCH in VAMOS
1 Introduction

Control channel performance for MUROS has been discussed since GERAN #39. It was agreed that the relative performance of associated signalling channels compared against the traffic channel shall be maintained for MUROS channel types, which was included in TR 45.914 [1]. The same requirement was also captured in the VAMOS WID, stating that VAMOS should “maintain robustness of signalling channels compared to legacy GMSK terminals” [2].
Shifted SACCH and Repeated SACCH were identified as two possible ways to meet the above requirement. A lot of contributions have been submitted to analyse these solutions at link level e.g. [3], [4], [5], [6], [7], [8]. In this contribution, some preliminary system level simulation results are provided for both Shifted SACCH and Repeated SACCH.
2 Simulation methodology
Only the basic OSC (SCPIR=0dB) was simulated. The ordered output power in the downlink was adapted to the weaker sub-channel in a VAMOS pair. Adaptation between OSC and non-OSC channel was accomplished through intra-cell handover based on reported RXQUAL and RXLEV.
Repeated SACCH was implemented in the simulator both for the uplink and for the downlink. The decision to turn on/off Repeated SACCH for a specific call was made by an algorithm (implemented in both BSS and MS) based on a filtered quality estimation of the SACCH channel. The link level gains of Repeated SACCH were mapped to the system simulator when Repeated SACCH was turned on.

Shifted SACCH was simulated by taking into account the link level gains of the SACCH channel in the system simulator. Shifted SACCH was assumed to be turned on for all calls in VAMOS mode.

A set of simulations were first run for basic OSC to determine the spectral efficiency of the selected network configuration and channel mode adaptation type, and then two additional simulations were run with Repeated SACCH and Shifted SACCH respectively enabled but with other simulation settings kept the same as the simulation run where the spectral efficiency was reached for basic OSC. Some KPIs of “OSC”, “OSC + Repeated SACCH” and “OSC + Shifted SACCH” were then collected and compared against each other.
3 Simulation assumptions
The network configurations are shown in Table 1, which is identical to MUROS-1 as defined in [1]. All mobile stations were assumed to be DARP Phase 1 capable and VAMOS aware. In addition, an antenna pattern of 65° beamwidth was used in the simulation setup.
Table 1  Network configurations 
	Parameter
	MUROS-1

	Frequency band (MHz)
	900

	Cell radius
	500 m

	Bandwidth
	4.4 MHz

	Guard band
	0.2 MHz

	# channels excluding guard band
	21

	# TRX
	4

	BCCH frequency re-use
	4/12

	TCH frequency re-use
	1/1

	Frequency Hopping
	Synthesized

	Length of MA (# FH frequencies)
	9

	Fast fading type
	TU3

	BCCH or TCH under interest
	Both

	Network sync mode
	Sync


The channel mode adaptation type is shown in Table 2. Type F was believed to be a realistic channel mode adaptation type in real networks.

Table 2  Channel mode adaptation
	Channel Mode Adaptation 
	Channel modes

	Type F1
	AFS 5.9 <-> AHS5.9 <-> OSC (AHS 5.9)


The definition of minimum call quality performance coincides with [1] (2% FER threshold for full rate channels and 3% FER threshold for half rate channels). A call that didn’t meet the requirements of minimum call quality was classified as a “bad quality call”. DL FER was defined as per call FER averaged over all cells. Dropped call rate was calculated as the number of dropped calls over the number of all calls handled by each cell, including incoming handovers.
4 Simulation results
The dropped call rate, DL FER and ratio of bad quality calls (i.e. unsatisfied users) in the case of “OSC”, “OSC + Repeated SACCH” and “OSC + Shifted SACCH” were summarized in Table 3, and were also illustrated in Figure 1.

Table 3  System level KPIs
	KPI
	F1(OSC)
	F1(OSC) + Repeated SACCH
	F1(OSC) + Shifted SACCH

	Dropped calls (%)
	0.213
	0.178
	0.194

	DL FER (%)
	0.718
	0.749
	0.706

	Bad quality calls (%)
	5.047
	5.385
	4.940
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Figure 1  System level KPIs
5 Discussion

It can be seen that both Repeated SACCH and Shifted SACCH can help to improve dropped call rates, especially in a tight reuse network. This is because the “dropped call rate” KPI is quite relevant to the performance of the SACCH signalling link.
A degradation of downlink FER and bad quality calls were observed for “OSC + Repeated SACCH”, whilst for “OSC + Shifted SACCH”, the same KPIs were however slightly improved. This in another aspect implies the inevitable interaction between the algorithm to turn on/off Repeated SACCH and other RRM algorithms (e.g. handover and power control etc., see some analysis in [7]).
From the results shown in Figure 1, it can also be expected that a combination of Repeated SACCH and Shifted SACCH will help to reduce both dropped call rates and bad quality calls of basic OSC, thus maintain the signalling robustness of VAMOS aware networks at system level. Moreover, if sub channel power control is employed for SACCH frames in the case of Shifted SACCH, the above mentioned KPIs will be further improved.
6 Conclusion
In this contribution, some preliminary system level simulation results were shown for both Repeated SACCH and Shifted SACCH in VAMOS mode. It can be concluded that
· Both Repeated SACCH and Shifted SACCH help to improve dropped call rates.
· Repeated SACCH, when observed in a tight reuse network at the system level, does show some degradation in terms of quality KPIs due to the interaction with other RRM algorithms.
· The system level gains of Shifted SACCH are quite consistent with the corresponding link level results. No conceivable impacts on RRM algorithms were found in Shifted SACCH.
· Shifted SACCH can be used as a complement of Repeated SACCH so that all concerned quality KPIs are improved.
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