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VAMOS system performance 
1. Introduction

One of the stated objectives in relation to the MUROS study item [1] is the investigation into the performance of an optimised pulse shape on the downlink.

In this contribution, the system performance of the OPT 2 candidate Tx pulse is evaluated for two network scenarios (MUROS-1 and MUROS-2) and for different penetrations of VAMOS type I mobiles.
2. SETUP FOR SYSTEM PERFORMANCE EVALUATION
2.1 Network configurations

Studied network configurations are MUROS-1 and MUROS-2 as shown in Table 1. The investigation includes analysis of the performance of half rate channel types, i.e. channel mode adaptation type A (GSM HR).  Different mix of mobiles have been evaluated with the share of VAMOS type I mobiles ranging from 50%, 75%, 100% and with legacy non-DARP MS representing the remainder.

System performance was investigated in case of adoption of different transmit pulse shapes than the legacy linearized GMSK (LGMSK) pulse shape in DL. Two candidates “OPT 1” and “OPT 2” for an optimized TX pulse shape have been considered in the evaluation. 

Table 1. Studied network configurations.
	Parameter
	MUROS-1
	MUROS-2

	Frequency band (MHz)
	900
	900

	Cell radius
	500 m
	500 m

	Bandwidth
	4.4 MHz
	11.6 MHz

	Guard band
	0.2 MHz
	0.2 MHz

	# channels excluding guard band
	21
	57

	# TRX
	4
	6

	BCCH frequency reuse
	4/12
	4/12

	TCH frequency reuse
	1/1
	3/9 

	Frequency Hopping
	Synthesized
	Baseband 

	Length of MA (# FH frequencies)
	9
	5 

	Fast fading type
	TU
	TU

	BCCH or TCH under interest
	Both
	Both

	Network sync mode
	sync
	sync 


Call average FER thresholds were used for minimum call quality performance. 3% FER threshold criterion was used for channels using half rate coding. Blocked call threshold was at 2% and the bad quality call threshold was at 5%. Mobile speed was 3 km/h.
2.2 Channel mode adaptation
Adaptation between OSC and non-OSC channel was RxLevel / RxQual based using the thresholds with hysteresis. The adaptation strategy that was adopted yielded the maximum possible gains for each investigated scenario.
2.3 Link to system interface

Details of the link to system interface can be found in [2] and [3]. The modelling methodology is described in [2] and exemplary link to system mappings as well as verification results are provided in [3]. In this contribution, the L2S interface utilized a realistic depiction of the interference environment for both of the evaluated network scenarios and for each of the evaluated penetrations of VAMOS type I mobiles. The relative weighting of each type of interference to the receiver’s performance is also taken into account by the introduction of a table of ‘ACP factors’. Different interference profiles and ACP factors were derived for the different Tx pulse shapes included in the investigation. A further refinement of this methodology yielding a higher modelling complexity would be to adapt the mappings to the modulation of the dominant interferer.
3. SYSTEM PERFORMANCE Results

Preliminary results for the OPT 1 candidate suggest a poor trade-off between performance vs. adjacent channel impact, hence the system performance results presented in this section apply to the OPT 2 and the reference LGMSK pulse shapes only.

MUROS-1 capacity numbers are presented in Table 2 and MUROS-2 capacity numbers are presented in Table 3.
Note that for all scenarios the UL was simulated as well, but was not identified as the limiting link.

Table 2. MUROS-1 performance results.
	MUROS-1
	Spectral Efficiency [Erl/MHz/site]
	Hardware Efficiency [Erl/TRX]
	Gains
	Limiting Factor

	A0 50%
	30.01
	10.50
	-
	Bad Quality Calls (3%)

	A1 50% LGMSK
	29.32
	10.26
	-2.30%
	Bad Quality Calls (3%)

	A1 50% OPT 2
	29.40
	10.29
	-2.04%
	Bad Quality Calls (3%)

	A0 75%
	[tbd]
	[tbd]
	-
	[tbd]

	A1 75% LGMSK
	[tbd]
	[tbd]
	[tbd]
	[tbd]

	A1 75% OPT 2
	[tbd]
	[tbd]
	[tbd]
	[tbd]

	A0 100%
	30.55
	10.69
	-
	Blocked Calls

	A1 100% LGMSK
	34.49
	12.07
	12.89%
	Bad Quality Calls (3%)

	A1 100% OPT 2
	34.72
	12.15
	13.66%
	Bad Quality Calls (3%)


Table 3. MUROS-2 performance results
	MUROS-2
	Spectral Efficiency [Erl/MHz/site]
	Hardware Efficiency [Erl/TRX]
	Gains
	Limiting Factor

	A0 50%
	19.12
	12.11
	-
	Blocked Calls

	A1 50% LGMSK
	25.32
	16.03
	32.38%
	Bad Quality Calls (3%)

	A1 50% OPT 2
	25.64
	16.24
	34.07%
	Blocked Calls

	A0 75%
	19.13
	12.12
	-
	Blocked Calls

	A1 75% LGMSK
	28.05
	17.76
	46.60%
	Bad Quality Calls (3%)

	A1 75% OPT 2
	29.28
	18.54
	53.03%
	Bad Quality Calls (3%)

	A0 100%
	19.17
	12.14
	-
	Blocked Calls

	A1 100% LGMSK
	30.48
	19.3
	58.96%
	Bad Quality Calls (3%)

	A1 100% OPT 2
	31.26
	19.8
	63.05%
	Bad Quality Calls (3%)


3.1 Summary of capacity gains for OSC when utilising the LGMSK Tx pulse

Table 4 and Table 5 show the resulting system capacity gains as derived from Table 2 and Table 3 respectively. 

Table 4. OSC network capacity gains for MUROS-1.

	Scenario
	OSC gain 

	MUROS-1 50%
	-2.3%

	MUROS-1 75%
	[tbd]

	MUROS-1 100%
	12.9%


Table 5. OSC network capacity for MUROS-2.

	Scenario
	OSC gain

	MUROS-2 50%
	32.4%

	MUROS-2 75%
	46.6%

	MUROS-2 100%
	59.0%


3.2 Summary of capacity gains for OPT2 versus LGMSK reference 
Table 6 and Table 7 shows the resulting system capacity gains derived from Table 2 and Table 3 respectively. 
Table 6. OSC network capacity gains utilizing OPT2 for MUROS-1.
	Scenario
	OPT2 gain 

	MUROS-1 50%
	0.27%

	MUROS-1 75%
	[tbd]

	MUROS-1 100%
	0.68% 


Table 7. OSC network capacity gains utilizing OPT2 for MUROS-2.

	Scenario
	OPT2 gain

	MUROS-2 50%
	1.28%

	MUROS-2 75%
	4.38%

	MUROS-2 100%
	2.56%


Further capacity gains were achieved when the OPT2 pulse was utilized. Higher gains were seen in the MUROS-2 network, but the extent of the gains were limited (< 1 % for MUROS-1 and up to 4.4 % for MUROS-2). The limited performance is believed to be due to higher than expected adjacent channel impact from OPT2 and the aggressive pairing strategy. 
3.3 Performance of the legacy non-DARP receiver type
The network capacity gains for the 50% and 75% penetrations in Table 3 correspond to all users (VAMOS type I and non-DARP type receivers combined). To determine the impact to the legacy receivers alone when the OPT2 pulse is utilized by the VAMOS type I users, the BQC parameters have been collected for each receiver type independently.
The BQC performance curves in Figure 1 and Figure 2 below correspond to the legacy user performance for MUROS-2 at 50% penetration and 75% penetration.
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Figure 1 Bad Quality Call for the Non-DARP receiver for MUROS-2 50%
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Figure 2 Bad Quality Call for the Non-DARP receiver for MUROS-2 75%.
The results demonstrate no perceived impact from the OPT2 pulse towards legacy users.

4. Conclusions
In this contribution, the capacity gains for the OPT2 pulse have been presented. Gains were seen for the MUROS-2 network, but the extent of the gains were limited. The reduced gain seen at 100% penetration is believed to be caused by a higher than expected impact to the adjacent channel and an aggressive pairing strategy.

No impact was seen from the OPT2 pulse towards the legacy users.

Alternative Tx pulse shapes should be investigated that exhibit a lower adjacent channel protection.
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