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System Level Results with MAIO Hopping Scheme for MUROS
1 Introduction
In GERAN #45 meeting, a MAIO hopping scheme for VAMOS [1] was written into TR. However, it does not contain the system level performance evaluation for the new hopping scheme.

This contribution gives system level performance evaluation for this MAIO hopping scheme, by new link to system mapping methodology [2].
2 Methodology

2.1  MAIO hopping sequence generation 
The MAIO hopping sequences used in the simulations are generated by reusing the existing pseudo random hopping sequence generation according to 3GPP 45.002.

2.2  Channel allocation and adaptation 
Channel Allocation

Single user TCH channel will be assigned preferentially also. In case of no available single user TCH channel, the user will be paired with the one on a single user TCH channel with the best signal quality. 
Channel Adaptation

Adaptation between VAMOS channels and non-VAMOS channels was basically performed according to the measurement reports. Status of Rx level and Rx quality were considered as input to decide when to perform link adaptation. Pairing and un-pairing of MSs are according to the Rx level and Rx quality. No voice frame lost was assumed during the handover for simplification.

2.3  Power Control

The Power Control method uses the Adaptive Symbol Constellation concept. The output power on each sub-channel is controlled independently by legacy power control algorithm using path loss and quality as input. The value of SCPIR is limited within [-4dB, 4dB].
The α-QPSK constellation will adapt to the power requirements of each sub-channel user by the imbalance ratio. Sum of total power of each sub-channel should not exceed maximum power limits of the physical channel.
2.4  Penetration levels and MS types
100% VAMOS type I penetration level is applied in the system simulation. 

2.5  Link 2 System Interface
4D L2S Mapping Methodology [2] is used in system simulation.
3 System Performance Evaluation
3.1  Simulation assumption

MUROS-2 simulation scenario is used in evaluating the system performance of this MAIO hopping scheme.

Table 1 System Simulation Assumptions

	Parameter
	MUROS-2

	Frequency band (MHz)
	900

	Cell radius
	500 m

	Bandwidth
	11.6 MHz

	Guard band
	0.2 MHz

	# channels excluding guard band
	57

	# TRX
	6

	BCCH frequency reuse
	4/12

	TCH frequency reuse
	3/9

	Frequency Hopping
	Baseband

	Length of MA (# FH frequencies)
	5

	Fast fading type
	TU-50

	BCCH or TCH under interest
	Both

	Network sync mode
	sync

	Propagation Model
	UMTS 30.03

	Sector Antenna Pattern
	65° H-plane

	Network size
	144 cells

	Number of simulated TDMA frames
	60000


3.2  Channel modes

Table 2: Channel Mode Adaptation for comparison

	Channel Mode Adaptation
	Channel modes

	Type A0
	GSM HR (Reference case)

	Type A1
	GSM HR <-> MUROS (GSM HR)

	Type B0
	AFS 12.2 (Reference case)

	Type B1
	AFS 12.2 <-> MUROS (AFS 12.2)

	Type C0
	AFS 5.9 (Reference case)

	Type C1
	AFS 5.9 <-> MUROS (AFS 5.9)

	Type D0
	AHS 5.9 (Reference case)

	Type D1
	AHS 5.9 <-> MUROS (AHS 5.9)


3.3  Minimum call quality performance

The following criteria for call quality definition have been used:

Average Call FER < 2% for at least 95% of the users (Full Rate calls)

Average Call FER < 3% for at least 95% of the users (Half Rate calls)

Blocked Calls > 2% (Blocked Calls / Call Attempts * 100%)
3.4  Simulation Results
3.4.1 System performance results
System performance with MAIO hopping is evaluated in MUROS-2. Table 3 and 4 summarized the simulation results. 

Table 3 MUROS-2 System Performance without MAIO Hopping
	Type
	Description
	Spectral efficiency [Erl./MHz/site]
	HW efficiency [Erl./TRX]
	Call quality limitation

	A0
	GSM HR
	18.51 
	11.93 
	Block limited

	A1
	VAMOS GSM HR
	37.86 
	24.40 
	Quality limited

	B0
	AFS 12.2
	8.64 
	5.57 
	Block limited

	B1
	VAMOS AFS 12.2
	14.06 
	9.06 
	Quality limited

	C0
	AFS 5.9
	8.63 
	5.56 
	Block limited

	C1
	VAMOS AFS 5.9
	18.37 
	11.84 
	Block limited

	D0
	AHS 5.9
	18.50 
	11.92 
	Block limited

	D1
	VAMOS AHS 5.9
	31.53 
	20.32 
	Quality limited


Table 4 MUROS-2 System Performance with MAIO Hopping
	Type
	Description
	Spectral efficiency [Erl./MHz/site]
	HW efficiency [Erl./TRX]
	Call quality limitation

	A0
	GSM HR
	18.51 
	11.93 
	Block limited

	A1
	VAMOS GSM HR
	37.41 
	24.11 
	Quality limited

	B0
	AFS 12.2
	8.64 
	5.57 
	Block limited

	B1
	VAMOS AFS 12.2
	14.32 
	9.23 
	Quality limited

	C0
	AFS 5.9
	8.63 
	5.56 
	Block limited

	C1
	VAMOS AFS 5.9
	18.31 
	11.80 
	Block limited

	D0
	AHS 5.9
	18.50 
	11.92 
	Block limited

	D1
	VAMOS AHS 5.9
	31.67 
	20.41 
	Quality limited


Comparison of system performance results in this section is presented with Block Limiting in red and Quality Limiting in blue.
Table 5: Comparison of System Performance Results
	Type
	Gain [%]

MUROS-2 Without MAIO hopping
	Gain [%]

MUROS-2 With MAIO hopping

	A
	104.53 
	102.10 

	B
	62.66 
	65.71 

	C
	112.95 
	112.23 

	D
	70.47 
	71.22 


4 Conclusion

From the simulation result, MAIO hopping gain is obtained in AHS5.9 and AFS12.2 scenario. For the AFS 5.9 scenario, there is no MAIO hopping gain, because it is already block limited without MAIO hopping. The GSM HR scenario it is very close to block limited. It does not have any MAIO Hopping gain either.
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