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System performance evaluation of VAMOS MAIO hopping schemes
1 Introduction

This contribution presents system performance results for the VAMOS specific MAIO hopping schemes proposed in [1]. The receiver type used in the simulations are based on SAM (Single Antenna MIMO) presented in [7].
2 Methodology

System simulation methodology is presented in chapter 2 in [6].
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 [5].
2.2 Channel allocation and adaptation
One concern when allocating a new user in a VAMOS pair is that several aspects of the radio conditions are unknown. To assure a high VAMOS allocation success rate, it would be beneficial to pair users together with better known radio conditions. The aim in these simulations has been to pack users already allocated in the system together on VAMOS capable timeslots. New calls will be, as first priority, allocated on non-VAMOS timeslots. If the radio conditions are good enough, the user undergoes a channel adaptation to be paired with another user with sufficient radio conditions. If the radio conditions degrade for one of the users, the adaptation algorithm will transfer the user to a non-VAMOS timeslot.
2.3 Channel adaptation together with VAMOS MAIO hopping
When using VAMOS specific MAIO hopping, all users on a particular timeslot number will be affected and the number of available non-VAMOS timeslot will be limited.
To make sure that available non-VAMOS timeslots exist in the cell, VAMOS specific MAIO hopping would not be allowed on all timeslots in the cell. E.g. VAMOS specific MAIO hopping is allowed on TS0 to TS5 and TS6 to TS7 would be prioritized for new calls and users suffering from bad radio conditions. The optimum split between MAIO hopping timeslots and timeslots where MAIO hopping is not allowed depends on the system scenario and has been optimized for each scenario.
A user that undergoes an adaptation (non-VAMOS to VAMOS or VAMOS to non-VAMOS) will get a FER penalty to compensate for lost speech frames during handover. All simulation results are shown with this penalty included.
2.4 Power Control

The system performance evaluation has been completed using two different power control methods.
The first method uses a fixed QPSK constellation (OSC). The user with the highest sub-channel power requirement will control the total timeslot power, i.e twice this value (3dB higher). Restrictions will be applied if the total power on the timeslot exceeds the maximum allowed power. 

The second method uses the Adaptive Symbol Constellation concept described in [2]. The output power on a sub-channel is controlled by the normal power control algorithm using path loss and quality as input and a discrete set of allowed sub-channel power imbalances. The SCPIR values used in these simulations are described in [9]. The 
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-QPSK constellation will adapt to each users power requirements given that these requirements could be fulfilled. The same restrictions used for the first method will be applied regarding maximum power.

Whenever two users undergoes VAMOS adaptation (going from non-VAMOS to VAMOS allocation), maximum allowed power to both sub-channel will be applied. The power control algorithm will then adjust the power to each user depending on the radio conditions.
3 Simulation Results
3.1 Simulation assumptions
3.1.1 Quality impacts for VAMOS Mode Adaptation

The call quality will be impaired if a call is going back and forth between a paired and a non-paired allocation since it will experience speech frame losses during channel changes. This impact has been included with the following assumptions:

· 6 lost speech frames during handover

· Frames are not lost during DTX (DTX activityfactor of 60% is used)
3.1.2 Quality Impacts for QPSK Power Backoff

The impact of the power backoff for QPSK and 
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-QPSK modulation has been included in the simulations. When the total timeslot power is less than 3.3 dB below maximum power for QPSK modulation, the power backoff has been applied.

The PAR (Peak to Average Ratio) changes depending on SCPIR when using 
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-QPSK modulation. An α-dependent backoff has been applied corresponding to the PAR (Peak to Average Ratio) of the signal according to Figure 4 in [2] with a constellation rotated by л/2.

3.2 System Performance Results
3.2.1 MUROS-3 System Performance Results

Table 1 shows the gain for simulation scenario MUROS-3A and MUROS-3B with and without MAIO hopping. The receiver type is based on SAM and positive effects from MAIO hopping can be observed for both OSC and α-QPSK.
Table 2
 shows spectral efficiency and Table 3 shows hardware efficiency. The non-VAMOS reference spectral efficiency is 26.25 Erl/MHz/Site (blocking limited) for both MUROS-3A and MUROS-3B. All simulations results presented in Table 1 are quality limited.
Table 1 MUROS-3 system performance results

	
	
	Without MAIO hopping
	With MAIO hopping

	Type
(codec)
	Receiver type
	Gain MUROS-3A
	Gain MUROS-3B
	Gain MUROS-3A
	Gain MUROS-3B

	C with OSC

(AFS 5.9)
	VAMOS II (SAM)
	54%
	46%
	73%
	56%

	C with α-QPSK
(AFS 5.9)
	VAMOS II (SAM)
	69%
	68%
	81%
	79%


Table 2
MUROS-3 Spectral efficiency [Erl/MHz/Site]
	
	
	Without MAIO hopping
	With MAIO hopping

	Type
(codec)
	Receiver type
	MUROS-3A
	MUROS-3B
	MUROS-3A
	MUROS-3B

	C with OSC

(AFS 5.9)
	VAMOS II (SAM)
	40.4
	38.4
	45.4
	41.0

	C with α-QPSK
(AFS 5.9)
	VAMOS II (SAM)
	44.4
	44.1
	47.6
	46.9


Table 3
MUROS-3 Hardware efficiency [Erl/TRX]

	
	
	Without MAIO hopping
	With MAIO hopping

	Type
(codec)
	Receiver type
	MUROS-3A
	MUROS-3B
	MUROS-3A
	MUROS-3B

	C with OSC

(AFS 5.9)
	VAMOS II (SAM)
	8.1
	7.7
	9.1
	8.2

	C with α-QPSK
(AFS 5.9)
	VAMOS II (SAM)
	8.9
	8.8
	9.5
	9.4


4 Discussion
This contribution has evaluated the system level performance when using MAIO hopping in a high interference scenario like MUROS-3. All simulation results are based on 100% VAMOS aware terminals using the SAM receiver prototype.
The following should be noted:
· The SAM receiver prototype used in these simulations has not been optimized or tuned (see section 4 in [7]). Further gains are expected with a tuned SAM receiver.
· The impact of MAIO hopping on other half rate speech codecs, such as AHS 5.90, is left FFS.

· The system is only evaluated on DL and the results are only valid for ideal UL. The UL might turn out to be the limiting link with improved DL receiver algorithms and is left FFS.

· System performance results for system scenario MUROS-2 is not included in this contribution since it has already been shown to be block limited for AFS 5.90, see [8].
5 Conclusions
It has been shown that the suggested MAIO hopping technique proposed in [1] provide positive gains in high interference system scenarios for the full rate codec AFS 5.90.
The system level gain for the candidate technique OSC goes from 54% to 73% in a 1/3 frequency reuse (MUROS-3A) and from 46% to 56% in a 1/1 frequency reuse (MUROS-3B) compared to the non-VAMOS reference, C0.

For the candidate technique α-QPSK, the system level gain goes from 69% to 81% in a 1/3 frequency reuse and from 68% to 79% in a 1/1 frequency reuse compared with the non-VAMOS reference, C0.
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