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Adaptive Symbol Constellation system performance evaluation DL
1 Introduction
At GERAN#36 an extension for Basic OSC was presented, see [1], that employs α-QPSK, a modified QPSK constellation designed to support joint power control between its two sub channels. The modulation, also named AQPSK, Adaptive-QPSK, is part of the VAMOS concept currently being specified in GERAN.

This contribution presents system performance results for adaptive symbol constellation for VAMOS I (SAIC) and VAMOS II (SAM) capable terminals. Some of the values presented at VAMOS telco #5 (see [7]) has been updated and is marked using red text otherwise the contribution is identical.
Adaptive symbol constellation is referred to as α-QPSK in the remainder of this document.

2 Methodology

System simulation methodology is presented in chapter 2 in [3].
3 Simulation Results
3.1 Simulation assumptions
3.1.1 Network configuration
The network configuration assumptions for MUROS-2, 3A and 3B test scenarios are shown in Table 1.
Table 1: Network Configurations for MUROS-2 test scenario

	Parameter
	MUROS-2
	MUROS-3A
	MUROS-3B

	Frequency band (MHz)
	900
	1800
	1800

	Cell radius
	500 m
	500 m
	500 m

	Bandwidth
	9 MHz
	2.6 MHz
	2.6 MHz

	# channels 
	45
	12
	12

	# TRX
	5
	4
	4

	BCCH frequency reuse
	Not simulated
	Not simulated
	Not simulated

	TCH frequency re-use
	3/9
	1/3
	1/1

	Frequency Hopping
	Baseband 
	Synthesized
	Synthesized

	Length of MA
	5
	4
	12

	Fast fading type
	TU-50
	TU-50
	TU-50

	Network sync mode
	Sync
	Sync
	Sync

	Propagation Model
	UMTS 30.03 
	UMTS 30.03
	UMTS 30.03

	Sector Antenna Pattern (*)
	ETR 04.02
	ETR 04.02
	ETR 04.02

	QPSK power backoff
	Pi/2 rotation (**)
	Pi/2 rotation (**)
	Pi/2 rotation (**)

	Network size
	144 cells
	75 cells
	75 cells

	Simulation time (***)
	300 sec
	400 sec
	400 sec

	# seeds
	6
	6
	6

	Mean user velocity
	13.9 m/s
	13.9 m/s
	13.9 m/s


* Antenna patterna implemented according to [2]
** QPSK power backoff according to Pi/2 rotation in Figure 4 in [4]
*** Simulated time per seed.
3.1.2 Minimum call quality performance
Minimum call quality performance is the same as defined in [3].
3.2 α-QPSK system performance results for MUROS-2
3.2.1 Network capacity gain with 50% VAMOS penetration
With the right subchannel power imbalance ratio it would be possible to support legacy non-SAIC capable mobiles on VAMOS timeslots using α-QPSK. Table 2 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 for AHS 5.9. VAMOS I is VAMOS aware terminals with SAIC receiver capability and VAMOS II is VAMOS aware terminals with SAM receiver capability (Single Antenna MIMO, see [5]).
Table 2 Network level gain, MUROS-2, 50% VAMOS penetration
	Type
	Basic OSC gain with VAMOS I terminals
	α-QPSK gain with VAMOS I terminals
	α-QPSK gain with VAMOS II terminals

	D
(AHS 5.9)
	49% 38%
(Block limited)
	70% 57%
(Quality limited)
	76% 65%
(Quality limited)


The figures in Table 2 can be compared with the network capacity gain of 49% that is achieved if legacy non-SAIC terminals are not allowed to be VAMOS allocated. This scenario is block limited (see Table 2 in [6])
3.2.2 Network capacity gain with 100% VAMOS penetration

Table 3 shows the gain for MUROS-2 using α-QPSK at 100% VAMOS penetration for VAMOS I and VAMOS II terminals.

Table 3 Summary of network level capacity gain, MUROS-2

	Type
	Basic OSC gain with VAMOS I terminals
	α-QPSK gain with VAMOS I terminals
	α-QPSK gain with VAMOS II terminals

	A

(GSM HR)
	112%

(Block limited)
	112%
(Block limited)
	112%
(Block limited)

	B

(AFS 12.2)
	86%

(Quality limited)
	94%
(Quality limited)
	103%
(Quality limited)

	C

(AFS 5.9)
	110%

(Block limited)
	110%
(Block limited)
	110%
(Block limited)

	D
(AHS 5.9)
	89% 80%
(Quality limited)
	97% 87%
(Quality limited)
	108% 98%
(Quality limited)


3.3 α-QPSK system performance results for MUROS-3
3.3.1 Network capacity gain with 100% VAMOS penetration
Table 4 and Table 5 shows the gain for MUROS-3A and MUROS-3B using α-QPSK at 100% VAMOS penetration for VAMOS I and VAMOS II terminals.
Table 4
Summary of network level capacity gain, MUROS-3A
	Type
	Basic OSC gain with VAMOS I terminals
	α-QPSK gain with VAMOS I terminals
	α-QPSK gain with VAMOS II terminals

	A

(GSM HR)
	0%
(Quality limited)
	0%
(Quality limited)
	0%
(Quality limited)

	B

(AFS 12.2)
	0%
(Quality limited)
	0%
(Quality limited)
	0%
(Quality limited)

	C

(AFS 5.9)
	44% 32%
(Quality limited)
	46% 39%
(Quality limited)
	60% 51%
(Quality limited)

	D
(AHS 5.9)
	0%
(Quality limited)
	0%
(Quality limited)
	0%
(Quality limited)


Table 5
Summary of network level capacity gain, MUROS-3B
	Type
	Basic OSC gain with VAMOS I terminals
	α-QPSK gain with VAMOS I terminals
	α-QPSK gain with VAMOS II terminals

	A

(GSM HR)
	0%
(Quality limited)
	0%
(Quality limited)
	0%
(Quality limited)

	B

(AFS 12.2)
	0%
(Quality limited)
	0%
(Quality limited)
	0%
(Quality limited)

	C

(AFS 5.9)
	23% 12%
(Quality limited)
	26% 18%
(Quality limited)
	36% 31%
(Quality limited)

	D
(AHS 5.9)
	0%
(Quality limited)
	0%
(Quality limited)
	0%
(Quality limited)


4 Summary
A summary of system performance results for α-QPSK are presented in Table 6 and Table 7. 100% VAMOS penetration have been compared with 100% SAIC penetration. Values presented in blue text is the system level gain for basic OSC.
Table 6: Summary of α-QPSK system performance results for 

VAMOS I
	VAMOS I (SAIC receiver capability)

	Type
	Gain MUROS-2 (50/15/35)
	Gain MUROS-2 (100/0/0)
	Gain MUROS-3A (100/0/0)
	Gain MUROS-3B (100/0/0)

	A
	-
	112%
	0%
	0%

	B
	-
	86%(94%
	0%
	0%

	C
	-
	110%
	44%(46%
	23%(26%

	D
	49%(70%
	89%(97%
	0%
	0%


Table 7: Summary of α-QPSK system performance results for 

VAMOS II (*)
	VAMOS II (SAM receiver capability)

	Type
	Gain MUROS-2 (50/15/35)
	Gain MUROS-2 (100/0/0)
	Gain MUROS-3A (100/0/0)
	Gain MUROS-3B (100/0/0)

	A
	-
	112%
	0%
	0%

	B
	-
	86%(103%
	0%
	0%

	C
	-
	110%
	44%(60%
	23%(36%

	D
	49%(76%
	89%(108%
	0%
	0%


          * Reference figures shown in red are for OSC system performance with VAMOS I receiver.
5 Discussion
This contribution has evaluated the VAMOS candidate technique α-QPSK on DL in different system level scenarios.

The following should be noted regarding the results:

· The system is only evaluated on DL. Thus, the results are only valid for ideal UL.To get the full picture of the VAMOS capacity also the UL shall to be taken into account.

· The same FER rate has been used for quality measurments for all FR (2 %) and HR (3 %) codecs respectively. Thus, no consideration has been taken to the speech quality experienced by the user. E.g. the larger capacity gains that, in general, is seen with GSM HR compared to AHS5.90 comes with a lower speech quality.
· The reference scenario for MUROS-2 AHS 5.90 has been updated with more accurate simulation results and changed from 12.5 to 11.9 Erlang/TRX which resulted in higher gain values for VAMOS.

· Case ‘C’ for MUROS-3A and MUROS-3B has been further optimized resulting in higher gain for these scenarios. If case ‘C’ and ‘D’ are combined, no gains are observed for the AxS 5.90 speech codec.

6 Conclusions

It has been shown that the α-QPSK candidate technique give large capacity gains in networks using sparse frequency reuse, like MUROS-2. The gains for the AHS 5.90 codec for MUROS-2 are about 8 percentage points using VAMOS I terminals and 19 percentage points using VAMOS II terminals at 100% VAMOS penetration, compared to the basic OSC reference case.

It has also been shown that α-QPSK can be used to support legacy non-SAIC terminals to be VAMOS allocated. When this is allowed in the system simulation, the gain increases from 49% to 70% using VAMOS I and from 49% to 76% using VAMOS II terminals.
In tight frequency reuse scenarios, like MUROS-3A and MUROS-3B, there are no gains observed except for case C.
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Annex: α-QPSK system performance results

Table 8: MUROS-2 system performance results (50% VAMOS)
	Type
	MS receiver type
	Description
	Spectral efficiency [Erl./MHz/site]
	HW efficiency

[Erl./TRX]
	Call quality limitation

	D0
	SAIC
	AHS 5.9
	19.8
	11.9
	Block limited

	D1 with basic OSC
	VAMOS I
	VAMOS AHS 5.9
	29.6
	17.8
	Block limited

	D1 with α-QPSK
	VAMOS I
	VAMOS AHS 5.9
	33.7
	20.2
	Quality limited

	D1 with α-QPSK
	VAMOS II
	VAMOS AHS 5.9
	34.8
	20.9
	Block limited


Table 9: MUROS-2 system performance results (100% VAMOS I)
	Type
	Description
	Spectral efficiency [Erl./MHz/site]
	HW efficiency

[Erl./TRX]
	Call quality limitation

	A0
	GSM HR
	19.8
	11.9
	Block limited

	A1
	VAMOS GSM HR
	41.1
	24.7
	Block limited

	B0
	AFS 12.2
	9.4
	5.7
	Block limited

	B1
	VAMOS AFS 12.2
	17.7
	10.6
	Quality limited

	C0
	AFS 5.9
	9.4
	5.7
	Block limited

	C1
	VAMOS AFS 5.9
	19.8
	11.9
	Block limited

	D0
	AHS 5.9
	19.8
	11.9
	Block limited

	D1
	VAMOS AHS 5.9
	39.0
	23.4
	Quality limited


Table 10: MUROS-2 system performance results (100% VAMOS II)

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

[Erl./TRX]
	Call quality limitation

	A0
	GSM HR
	19.8
	11.9
	Block limited

	A1
	VAMOS GSM HR
	41.9
	25.2
	Block limited

	B0
	AFS 12.2
	9.4
	5.7
	Block limited

	B1
	VAMOS AFS 12.2
	18.5
	11.1
	Quality limited

	C0
	AFS 5.9
	9.4
	5.7
	Block limited

	C1
	VAMOS AFS 5.9
	19.8
	11.9
	Block limited

	D0
	AHS 5.9
	19.8
	11.9
	Block limited

	D1
	VAMOS AHS 5.9
	41.1
	24.7
	Quality limited


Table 11: MUROS-3A system performance results (100 % VAMOS I)
	Type
	Description
	Spectral efficiency [Erl./MHz/site]
	HW efficiency

[Erl./TRX]
	Call quality limitation

	A0
	GSM HR
	49.3
	9.9
	Quality limited

	A1
	VAMOS GSM HR
	49.3
	9.9
	Quality limited

	B0
	AFS 12.2 
	18.5
	3.7
	Quality limited

	B1
	VAMOS AFS 12.2
	18.5
	3.7
	Quality limited

	C0
	AFS 5.9
	26.8
	5.4
	Block limited

	C1
	VAMOS AFS 5.9
	39.0
	7.8
	Quality limited

	D0
	AHS 5.9
	40.1
	8.0
	Quality limited

	D1
	VAMOS AHS 5.9
	40.1
	8.0
	Quality limited


Table 12: MUROS-3A system performance results (VAMOS II)
	Type
	Description
	Spectral efficiency [Erl./MHz/site]
	HW efficiency

[Erl./TRX]
	Call quality limitation

	A0
	GSM HR
	49.3
	9.9
	Quality limited

	A1
	VAMOS GSM HR
	49.3
	9.9
	Quality limited

	B0
	AFS 12.2 
	18.5
	3.7
	Quality limited

	B1
	VAMOS AFS 12.2
	18.5
	3.7
	Quality limited

	C0
	AFS 5.9
	26.8
	5.4
	Block limited

	C1
	VAMOS AFS 5.9
	42.9
	8.6
	Quality limited

	D0
	AHS 5.9
	40.1
	8.0
	Quality limited

	D1
	VAMOS AHS 5.9
	40.1
	8.0
	Quality limited


Table 13: MUROS-3B α-QPSK system performance results (VAMOS I)
	Type
	Description
	Spectral efficiency [Erl./MHz/site]
	HW efficiency

[Erl./TRX]
	Call quality limitation

	A0
	GSM HR
	39.1
	7.8
	Quality limited

	A1
	VAMOS GSM HR
	39.1
	7.8
	Quality limited

	B0
	AFS 12.2 
	15.5
	3.1
	Quality limited

	B1
	VAMOS AFS 12.2
	15.5
	3.1
	Quality limited

	C0
	AFS 5.9
	26.8
	5.4
	Block limited

	C1
	VAMOS AFS 5.9
	33.7
	6.7
	Quality limited

	D0
	AHS 5.9
	32.3
	6.5
	Quality limited

	D1
	VAMOS AHS 5.9
	32.3
	6.5
	Quality limited


Table 14: MUROS-3B α-QPSK system performance results (VAMOS II)
	Type
	Description
	Spectral efficiency [Erl./MHz/site]
	HW efficiency

[Erl./TRX]
	Call quality limitation

	A0
	GSM HR
	39.1
	7.8
	Quality limited

	A1
	VAMOS GSM HR
	39.1
	7.8
	Quality limited

	B0
	AFS 12.2 
	15.5
	3.1
	Quality limited

	B1
	VAMOS AFS 12.2
	15.5
	3.1
	Quality limited

	C0
	AFS 5.9
	26.8
	5.4
	Block limited

	C1
	VAMOS AFS 5.9
	36.4
	7.3
	Quality limited

	D0
	AHS 5.9
	32.3
	6.5
	Quality limited

	D1
	VAMOS AHS 5.9
	32.3
	6.5
	Quality limited
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