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Support of legacy non-DARP Phase I receivers using α-QPSK – Updated system performance evaluation
1 Introduction
At GERAN#36 an extension for OSC was presented, see [2] that employ α-QPSK, a modified QPSK constellation designed to support joint power control between its two sub channels. It has been shown on link level, that employing such power control enables the possibility to support non-SAIC MSs.

The work item description for VAMOS [1] states that ”Legacy GMSK terminals not supporting DARP phase I capability will be supported provided feasibility has been shown” 
This contribution is an updated version of [6] presenting system performance results evaluating the possibility to support legacy non-SAIC capable terminals with VAMOS using adaptive symbol constellation, α-QPSK. Results using VAMOS type II receivers (implemented with SAM, see [5]) are now included.

All updates are highlighted in red text.

2 Methodology

System simulation methodology is presented in chapter 2 in [4].
2.1 Power Control

The output power on a sub-channel when using α-QPSK is determined by using estimates on 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 [8]. The power control will adatpt the 
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-QPSK constellation according to each users power requirements given that these requirements could be fulfilled. Restrictions will be applied if the total power on the timeslot exceeds maximum allowed power.
3 Simulation Results
3.1 Simulation assumptions
3.1.1 Network configuration
The network configuration assumptions for MUROS-2 test scenario are shown in Table 1.
Table 1: Network Configurations for MUROS-2 test scenario

	Parameter
	MUROS-2

	Frequency band (MHz)
	900

	Cell radius
	500 m

	Bandwidth
	9 MHz

	# channels 
	45

	# TRX
	5

	BCCH frequency reuse
	Not simulated

	TCH frequency re-use
	3/9

	Frequency Hopping
	Baseband 

	Length of MA
	5

	Fast fading type
	TU-50

	Network sync mode
	Sync

	Propagation Model
	UMTS 30.03 

	Sector Antenna Pattern (*)
	ETR 04.02

	QPSK power backoff
	3.3 dB


* Antenna pattern implemented according to [3]
3.1.2 Minimum call quality performance
Minimum call quality performance is the same as defined in [4].

3.1.3 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)
3.1.4 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.
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 [7] with a constellation rotated by л/2.
3.2 System performance results for MUROS-2
3.2.1 Network capacity gain with legacy non-SAIC terminals on VAMOS TS

With the right SCPIR between two sub-channels it is possible to support legacy non-SAIC terminals on VAMOS timeslots, see [2]. 
Table 2 show the spectral and hardware efficiency results for MUROS-2 with 50% VAMOS penetration level (giving 35% legacy non-SAIC and 15% legacy SAIC penetration levels) and speech codec AHS 5.9. D0 is the non-VAMOS reference scenario while the D1 scenario utilizes OSC with legacy non-SAIC capable terminals not allowed on VAMOS TS. Note that with this restriction, α-QPSK cannot provide better spectral efficiency than OSC since the network is block limited due to lack of resources.
Table 2: MUROS-2 system performance results (50% VAMOS)

	Type
	Description
	Spectral efficiency [Erl./MHz/site]
	HW efficiency

[Erl./TRX]
	Call quality limitation

	D0
	AHS 5.9
	19.9
	11.9
	Block limited

	D1
	VAMOS AHS 5.9
	31.3
	18.8
	Block limited

	D1 with non-SAIC on VAMOS TS and OSC
	VAMOS AHS 5.9
	32.0
	19.2
	Quality limited

	D1 with non-SAIC on VAMOS TS and α-QPSK
	VAMOS I (SAIC) AHS 5.9
	34.5
	20.7
	Quality limited

	D1 with non-SAIC on VAMOS TS and α-QPSK
	VAMOS II (SAM) AHS 5.9
	38.0
	22.8
	Quality limited


Note: “non-SAIC” in the table text refer to legacy non-SAIC capable terminals
Table 3 shows the gains for MUROS-2 with 50% VAMOS penetration level (giving 35% legacy non-SAIC penetration level) and speech codec AHS 5.9. The results are compared with the non-VAMOS reference.
Table 3 Network level gain, MUROS-2, 50% VAMOS penetration
	Simulation setup
	Gain

	non-SAIC terminals on VAMOS timeslots not allowed
	57%

(Block limited)

	OSC with non-SAIC on VAMOS timeslots allowed
	61% (*)
(Quality limited)

	α-QPSK with non-SAIC on VAMOS TS timeslots allowed (VAMOS I)
	73%

(Quality limited)

	α-QPSK with non-SAIC on VAMOS TS timeslots allowed (VAMOS II)
	91%

(Quality/block limited)


* The quality requirement of all non-SAIC MSs allocated on VAMOS timeslots is not fulfilled

3.2.2 SCPIR distributions in different system simulations

Figure 1
 SCPIR distributions when using VAMOS I (left) and VAMOS II (right) receivers
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Figure 1 shows the SCPIR distributions that are used in the system when the system reaches the quality limit. The left diagram shows the SCPIR distributions for a simulation with non-SAIC, SAIC and VAMOS type I receivers and the right diagram for a simulation with non-SAIC, SAIC and VAMOS type II receivers. It can be seen that the VAMOS type II (SAM) receiver can utilize the discrete alpha values more efficiently, thus providing better support for legacy non-SAIC terminals.
Note that the logging of the SCPIR values are logged in 2 dB bins and thus +/- 3.52 and +/- 4.44 dB has been accumulated in the same bin and thus showing high peeks at the +/- 4dB bins.
4 Summary
The network level gain when allowing legacy non-SAIC terminals to be allocated on VAMOS timeslots is 73% compared with the non-VAMOS reference, D0, when using VAMOS I (SAIC) receivers. The gain is 10% if it is compared with the VAMOS reference, D1.
The network level gain is 91% compared with the non-VAMOS reference or 22% compared with the VAMOS reference D1 when using VAMOS II (SAM) receivers. Note that this simulation reached quality and block limitation at the same time showing that the utilization of system resources is maximized for this penetration level.
5 Discussion
This contribution has evaluated the VAMOS candidate technique α-QPSK and the support of legacy non-SAIC terminals on system level.
The following should be noted regarding the results:

· The system is only evaluated on DL. The results are only valid for ideal UL.
· The VAMOS terminals that have been used in the simulations are either SAIC or SAM capable.
· The SAM receiver prototype used in these simulations has not been optimized or tuned (see section 4 in [5])
· Only MUROS-2 for speech codec AHS 5.9 has been evaluated. Other speech codecs and MUROS-3 is left for FFS.
· The gain appears to go from 57% to 61% when comparing the two scenarios “non-SAIC terminals on VAMOS timeslots not allowed” and “OSC with non-SAIC on VAMOS timeslots allowed”. This is because the first scenario is blocking limited and the second is quality limited. However, all legacy non-SAIC terminals that are allocated on VAMOS timeslots in this simulation suffer from bad quality and do not fulfill the FER quality criteria.
6 Conclusions

It has been shown that the candidate technique α-QPSK can offer support for legacy non-SAIC terminals in a sparse frequency reuse environment like MUROS-2. 
The system level gain increased from 57% to 73% when using VAMOS I (SAIC) receivers by allowing legacy non-SAIC terminals to be allocated on VAMOS timeslots. The system level gain increased from 57% to 91% when using VAMOS II (SAM) receivers. This gain indicates that there are legacy non-SAIC terminals allocated to VAMOS sub-channels fulfilling the quality requirements.
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