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The System Performance of MUROS with Sub-channel Power Control
1 Introduction

Sub-channel power control has been proposed as an enhancement to the MUROS concept (see [1], [2], [3], [4]). Some investigations have been made on the impact of power imbalance in the link level (see [5], [6], [7]). In this contribution, the system level simulation results are provided for OSC with sub-channel power control in the downlink (see [2] for the basic idea).
2 Network configurations
The network configurations are shown in Table 1 and the channel mode adaptation types in Table 2. It is believed that type C and F are most useful in evaluating how many capacity gains can be obtained by introducing MUROS in current networks.
The definition of minimum call quality performance coincides with [8] (2% FER threshold for full rate channels and 3% FER threshold for half rate channels). In addition, an antenna pattern of 65° beamwidth was used in the simulation setup.
Adaptation between OSC and non-OSC channel was accomplished through intra-cell handover. In the case of OSC without sub-channel power control, the ordered output power in the downlink was adapted to the weaker sub-channel. In the case of OSC with sub-channel power control, the downlink sub-channel power imbalance ratio (SCPIR) of two paired calls and the ordered output power were jointly decided based on measurement reports. All mobile stations were assumed to be DARP Phase I.
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
	TU

	BCCH or TCH under interest
	Both

	Network sync mode
	Sync


Table 2  Channel mode adaptation
	Channel Mode Adaptation 
	Channel modes

	Type C0
	AFS 5.9 

	Type C1
	AFS 5.9 <-> OSC AFS 5.9

	Type F0
	AFS 5.9 <-> AHS5.9

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


3 Simulation results
Simulation results are presented based on the system performance evaluation method described in section 5.5 of [8]. In Table 3, both spectral efficiency and hardware efficiency as defined in [8] are shown for channel mode adaptation type C and F in the cases of non-OSC, OSC without sub-channel power control, and OSC with sub-channel power control. In Figure 1 and Figure 2, spectral efficiency is shown in histograms to compare the capacity gains brought by OSC and the extra gains brought by sub-channel power control.
Table 3  MUROS-1 simulation results

	Type
	Spectral Efficiency [Erlang/MHz/site]
	Hardware Efficiency [Erlang/TRX]
	Limiting factor

	C0
	10.88
	4.73
	Blocked calls

	C1(OSC)
	16.68
	7.25
	Bad quality calls

	C1(OSC with SPC)
	17.67
	7.68
	Bad quality calls

	F0
	17.78
	7.73
	Bad quality calls

	F1(OSC)
	18.00
	7.82
	Bad quality calls

	F1(OSC with SPC)
	18.50
	8.04
	Bad quality calls
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Figure 1  MUROS-1 spectral efficiency (C0 and C1)
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Figure 2  MUROS-1 spectral efficiency (F0 and F1)
In the case of simple FR <-> OSC FR adaptation (C0 and C1) OSC was able to provide about 53% capacity gain compared to the reference case. With sub-channel power control OSC yields an extra gain of about 9%. 
By applying adaptive FR<->HR conversion, F0 was found to achieve high spectral efficiency, leaving very limited optimization space for MUROS. With F1, as call qualities were already the limiting factor, creating too many MUROS sub-channels would further deteriorate overall call qualities thus was not very helpful. But with proper sub-channel power control, the capacity gain was still remarkably increased (from 1.24% to 4.04%).
4 Conclusion
In this contribution, the system performance of OSC without sub-channel power control is compared with that of OSC with sub-channel power control. Results show that the latter yields positive gains on MUROS, especially when call qualities become deteriorated. However, the total gains of MUROS compared with AMR half-rate are still comparatively limited under the MUROS-1 scenario. It is believed that more enhancements should be investigated to improve the overall performance of MUROS under tight reuse scenarios.
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