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Further System Performance Evaluation for OSC [updated]

1. Introduction

In this contribution further system performance results for OSC are presented as an update to the results shown at GERAN#39 [1]. Call average FER thresholds were used for minimum call quality performance. 2% FER threshold criterion was used for channels using full rate coding and 3% FER threshold for channels using half rate coding as agreed at GERAN#38 [2]. In addition, the antenna type with 65° 3dB half beamwidth was used after agreement of operators at 3GPP GERAN telco#5 on MUROS [3] and confirmation at GERAN#39 [4]. New results based on the usage of sub channel specific power control are also presented. Note this document is a revision of AHG1-080121. Changes are in red text.
2. Network configurationS
Studied network configurations are shown in Table 1 and the used channel mode adaptation types in Table 2. Adaptation between OSC and non-OSC channel was based both on load and quality measurements. DL receiver type was always DARP Phase I. 
Table 1 Studied network configurations 
	Parameter
	MUROS-1
	MUROS-2
	MUROS-3 a)
	MUROS-3 b)

	Frequency band (MHz)
	900
	900
	1800
	1800

	Cell radius
	500 m
	500 m
	500 m
	500 m

	Bandwidth
	4.4 MHz
	11.6 MHz
	2.6 MHz
	2.6 MHz

	Guard band
	0.2 MHz
	0.2 MHz
	0.2 MHz
	0.2 MHz

	# channels excluding guard band
	21
	57
	12
	12

	# TRX
	4
	6
	4
	4

	BCCH frequency reuse
	4/12
	4/12
	N.A.
	N.A.

	TCH frequency reuse
	1/1
	3/9 
	1/3
	1/1

	Frequency Hopping
	Synthesized
	Baseband 
	Synthesized
	Synthesized

	Length of MA (# FH frequencies)
	9
	5 
	4 
	12 

	Fast fading type
	TU
	TU
	TU
	TU

	BCCH or TCH under interest
	Both
	Both
	TCH
	TCH

	Network sync mode
	sync
	sync 
	sync 
	sync 


Table 2 Studied channel and coded mode cases
	Channel Mode Adaptation 
	Channel modes

	Type A0
	GSM HR 

	Type A1
	GSM HR  <-> OSC HR

	Type B0
	AFS 12.2 

	Type B1
	AFS 12.2 <-> OSC AFS 12.2

	Type C0
	AFS 5.9 

	Type C1
	AFS 5.9 <-> OSC AFS 5.9

	Type D0
	AHS 5.9 

	Type D1
	AHS 5.9 <-> OSC AHS 5.9


3. simulation Results

System performance results in terms of blocking and DL TCH FER are presented in this section. The following criteria for definition of minimum call quality performance were used:

- blocked calls < 2 % 
- call average TCH FER:

· channels using full rate coding < 2% for at least 95% of the users
· channels using half rate coding < 3% for at least 95% of the users 

3.1 MUROS-1

MUROS-1 capacity numbers are presented in Table 3. 
Table 3 MUROS-1 performance results
	Type
	Description
	Spectral Efficiency [Erl/MHz/site]
	Hardware Efficiency [Erl/TRX]
	Limiting factor

	A0 
	HR
	36.13
	13.25
	Blocked calls

	A1
	MUROS HR
	36
	13.2
	Bad quality calls (3%)

	B0
	AFS 12.2
	14.25
	5.23
	Bad quality calls (2%)

	B1
	MUROS AFS 12.2
	14.54
	5.33
	Bad quality calls (2%)

	C0
	AFS 5.9
	15.5
	5.68
	Blocked calls

	C1
	MUROS AFS 5.9
	23.7
	8.69
	Bad quality calls (2%)

	D0
	AHS 5.9
	26.92
	9.87
	Bad quality calls (3%)

	D1
	MUROS AHS 5.9
	27.36
	10.03
	Bad quality calls (3%)


3.2 MUROS-2

MUROS-2 capacity results are shown in Table 4. 
Table 4 MUROS-2 performance results 
	Type
	Description
	Spectral Efficiency [Erl/MHz/site]
	Hardware Efficiency [Erl/TRX]
	Limiting factor

	A0 
	HR
	20.87
	13.45
	Blocked calls

	A1
	MUROS HR
	34.29
	22.1
	Bad quality calls (3%)

	B0
	AFS 12.2
	9.66
	6.23
	Blocked calls

	B1
	MUROS AFS 12.2
	12.46
	8.03
	Bad quality calls (2%)

	C0
	AFS 5.9
	9.72
	6.26
	Blocked calls

	C1
	MUROS AFS 5.9
	17.11
	11.03
	Bad quality calls (2%)

	D0
	AHS 5.9
	20.9
	13.47
	Blocked calls

	D1
	MUROS AHS 5.9
	26.94
	17.36
	Bad quality calls (3%)


3.3 MUROS-3
Capacity results for MUROS-3 are shown in Table 5 and Table 6. 
Table 5 MUROS-3 a) performance results
	Type
	Description
	Spectral Efficiency [Erl/MHz/site]
	Hardware Efficiency [Erl/TRX]
	Limiting factor

	A0 
	HR
	59.96
	12.99
	Bad quality calls (3%)

	A1
	MUROS HR
	59.28
	12.84
	Bad quality calls (3%)

	B0
	AFS 12.2
	21.12
	4.58
	Bad quality calls (2%)

	B1
	MUROS AFS 12.2
	21.06
	4.56
	Bad quality calls (2%)

	C0
	AFS 5.9
	32.74
	7.09
	Blocked calls

	C1
	MUROS AFS 5.9
	38.51
	8.34
	Bad quality calls (2%)

	D0
	AHS 5.9
	42.56
	9.22
	Bad quality calls (3%)

	D1
	MUROS AHS 5.9
	42.63
	9.24
	Bad quality calls (3%)


Table 6 MUROS-3 b) performance results

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

	A0 
	HR
	73.91
	16.01
	Blocked calls

	A1
	MUROS HR
	73.77
	15.98
	Bad quality calls (3%)

	B0
	AFS 12.2
	30.27
	6.56
	Bad quality calls (2%)

	B1
	MUROS AFS 12.2
	30.15
	6.53
	Bad quality calls (2%)

	C0
	AFS 5.9
	32.79
	7.1
	Blocked calls

	C1
	MUROS AFS 5.9
	49.47
	10.72
	Bad quality calls (2%)

	D0
	AHS 5.9
	57.21
	12.4
	Bad quality calls (3%)

	D1
	MUROS AHS 5.9
	57.46
	12.45
	Bad quality calls (3%)


3.4 OSC capacity gains and HW efficiency 
Table 7 shows the resulting system capacity gains for all MUROS configurations and all channel mode adaptation types. 
Table 7 Summary of OSC network level capacity gains [%] 

	CMA Type
	MUROS-1 
	MUROS-2
	MUROS-3 a)
	MUROS-3 b)

	A
	-0.35 %
	64.32 %
	-1.14 %
	-0.19 %

	B
	2.02 %
	29.03 %
	-0.32%
	-0.38 %

	C
	52.91 %
	75.97 %
	17.62%
	50.87 %

	D
	1.65%
	28.92 %
	0.17%
	0.44 %


The results in Table 7 indicate an improved performance for all scenarios previously indicating losses up to 14.5 % [1], which has been achieved due to optimization of power control and channel mode adaptation thresholds (all figures marked in blue). In this context performance for other scenarios was compromised to some degree. It has to be noted that these results are not based on the usage of sub channel specific power control. 

HW efficiency results are shown in Figure 1.
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Figure 1  HW efficiency for OSC for agreed MUROS network configurations.
3.5  First Results based on Sub Channel Specific Power Control for OSC

In [5] the sub channel specific power control method for OSC was proposed. The following configuration depicted in Table 8 was evaluated. 

Table 8  Simulation Assumptions 

	Parameter
	Setting

	Codec
	AHS 5.9 (channel mode type D)

	Network Configuration 
	MUROS-2

	Mix of Mobiles
	- 35 % non-DARP phase 1 

- 15 % DARP phase 1

- 50 % OSC aware

	Channel  Mode Adaptation 
	deactivated

	Subchannel Specific Power Control 
	activated


Table 9 below summarizes the observed gains. 
Table 9   Observed Capacity Gain due to Subchannel Specific Power Control
	Type
	EFL [%]
	Gains [%] 
	Limiting Factor

	D0
	17.38
	0 %
	Blocked calls

	D1
	18.85
	8.48 %
	Bad quality calls (3%)

	D1 and Sub Channel Specific PC
	20.02
	15.20 %
	Bad quality calls (3%)


From these results, it can be seen that subchannel specific power control is able to decrease significantly the ratio of Bad Quality Calls in the network. Therefore it is considered to be a viable solution for interference limited scenarios as well as in scenarios with a high percentage of legacy users. Further results related to the evaluation of this method will be contributed to GERAN#40.
4. Conclusion

In this contribution further system level simulation results have been presented showing remarkable capacity gains when OSC is employed. Performance has been evaluated for different network configurations with highest capacity gains being achieved in MUROS-2 configuration ranging from 29% (channel mode type D) to 76% (channel mode type C). Differences can be observed when comparing the results shown in this contribution and the ones presented in [1]. The losses presented previously when using OSC for MUROS-1 and MUROS-3 network configurations, with channel modes A1 and D1, are not observed, since improved thresholds for power control and channel mode adaptation have been chosen. Hence in these cases performance, when using OSC, is at least equal to the one without OSC, even in scenarios suffering from high interference levels. It has to be noted that sub channel specific power control was not used in these evaluations.
First results based on usage of sub channel specific power control [5] indicate a further potential for improvement. The method is expected to improve performance in tighter frequency reuse scenarios. Further performance evaluation results will be contributed to GERAN#40 based on a variable mix of MS types. 
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