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OSC with Optimized 

Transmit Pulse Shape in DL 
1. Introduction

In addition to the results presented at GERAN#40 [1] this contribution investigates the system performance for the Orthogonal Sub Channels candidate as part of the MUROS feasibility study for the case of utilizing an optimized transmit pulse shape on DL. 

Section 2 describes the characteristics of the optimized transmit pulse shape, including link level performance results. Section 3 gives an overview of the settings for the system performance evaluation. Section 4 provides the system performance results and section 5 draws the conclusions. 

2. Characteristics OF THE OPTIMIZED TX PULSE SHAPE
System performance was investigated in case of adoption of different transmit pulse shapes than the linearized GMSK legacy pulse shape on DL. Two candidate TX pulse shapes have been considered in the evaluation described in this section. The utilization of the optimized transmit pulse shape has been assumed merely if both users are active in both sub channels. In case of 

· non-OSC channels or 

· if only one user is temporarily active in an OSC channel (i.e. paired user has terminated the call or is in DTX mode), 

the legacy GMSK pulse shape was employed in DL. On UL the legacy GMSK pulse shape was always in use.
2.1 Investigated Candidate TX Pulse Shapes
2.1.1  Candidate Pulse Shape 1
First investigated pulse shape called here “OPT 1” was a RRC pulse shape with 240 kHz 3 dB bandwidth, rolloff 0.3 and Hanning windowed. Filter length was equivalent to 5 symbols. The pulse shape is depicted in the frequency domain in Figure 1.
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Figure 1: Spectral power density of candidate pulse shape OPT 1.
The filter coefficients of the candidate pulse shape OPT 1 are listed in Annex 1.

2.1.2 Candidate Pulse Shape 2

The investigated candidate pulse shape 2 is a synthetic pulse shape called here “OPT 2” that has a narrower shape than candidate pulse shape 1. The pulse shape is depicted in the frequency domain in Figure 2 .
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Figure 2: Spectral power density of candidate pulse shape OPT 2.
The filter coefficients of candidate pulse OPT 2 are listed in Annex 2.

2.1.3 Comparison of Filter Characteristics 

The characteristics of both candidates for the optimized Tx pulse shape and of the reference LGMSK pulse shape are depicted in Table 1. 

	dB
	ACP 1 
	ACP 2
	PAR

	Legacy GMSK
	18.2


	> 50 
	3.2

	Candidate OPT 1
	13.8


	   > 50

	3.0

	Candidate OPT 2
	15.6
	> 50
	2.6


Table 1: Filter characteristics for used candidate pulse shapes.
PAR values have been determined for 8-PSK modulated signal. Note, the second adjacent channel protection for both candidate pulse shapes is below 50 dB, hence fulfilling the requirement of 50 dB in 45.005 (this latter figure was obtained from simulations that used a realistic PA model).
2.2 Receiver Filter of the Mobile Station

Different receiver filters were assumed in the evaluation. 

· For legacy DARP phase I mobiles a narrow receiver front-end filter with 180 kHz 3 dB-bandwidth was assumed. 

· For OSC aware mobiles, i.e. DARP phase I mobiles updated with the knowledge of the new TSC set, a sufficiently wide receiver front-end filter was used both in case of a non-OSC channel and in case of an OSC channel (MUROS mode). 

2.3  Link Level Simulation Reults
Link Level Perfomance was investigated for both candidate pulse shapes. This is depicted in Figure 3 below.
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Figure 3: Link Performance for investigated TX pulse shapes for OSC channels, 
CCI, DIR=7dB, TU3iFH GSM900.

It can be seen that the link performance is improved by about 2.5 dB for 
candidate pulse shape OPT 1 and by about 1.5 dB for candidate pulse shape OPT 
2 at 1% FER versus the legacy GMSK pulse shape. 
3. SETUP FOR SYSTEM PERFORMANCE EVALUATION
Studied network configurations are shown in Table 2 and the used channel mode adaptation types in Table 3. Adaptation between OSC and non-OSC channel was based both on load and quality measurements. DL receiver type was either legacy DARP phase I or DARP Phase I updated with the knowledge of the new TSC set (“OSC aware MS”), see also section 2.2. The investigation has been limited to the application of half rate codecs. 
	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 


Table 2 Studied network configurations 

	Channel Mode Adaptation 
	Channel modes

	Type A0
	GSM HR 

	Type A1
	GSM HR  <-> OSC HR

	Type D0
	AHS 5.9 

	Type D1
	AHS 5.9 <-> OSC AHS 5.9


Table 3 Studied channel mode adaptation cases
Call average FER thresholds were used for minimum call quality performance. 3% FER threshold criterion was used for channels using half rate coding [2]. Blocked calls threshold was at 2%. In addition, the antenna type with 65° 3dB half beamwidth was used [3][4]. 
4. SYSTEM PERFORMANCE Results

System performance results in terms of blocking and DL TCH FER are presented in this section. Both candidate pulse shapes “RRC 240” and “OPT 2” and the reference “LGMSK” have been investigated for OSC channels. 
4.1 MUROS-1

MUROS-1 capacity numbers are presented in Table 4. 
	CMA Type
	Descrip-tion
	Pulse shape
	OSC
aware Rx 
	DARP
phase I Rx
	Spectral Efficiency [Erl/MHz/site]
	Hardware 

Efficiency 

[Erl/TRX]
	EFL %
	Capacity 

Gain
	Limiting Factor

	A0
	HR
	GMSK
	0%
	100%
	36.34
	12.72
	30.28
	-
	Blocked Calls

	A1
	MUROS HR
	LGMSK
	100%
	0%
	45.08
	15.78
	37.57
	24.07%
	Bad quality Calls (3%)

	A1
	MUROS HR
	RRC 240
	100%
	0%
	52.91
	18.52
	44.09
	45.61%
	Bad quality Calls (3%)

	A1
	MUROS HR
	OPT 2
	100%
	0%
	47.4
	16.59
	39.50
	30.44%
	Bad quality Calls (3%)

	D0
	AHS 5.9
	GMSK
	0%
	100%
	36.06
	12.62
	30.05
	-
	Blocked Calls

	D1
	MUROS AHS 5.9
	LGMSK
	100%
	0%
	42.34
	14.82
	35.28
	17.38%
	Bad quality Calls (3%)

	D1
	MUROS AHS 5.9
	RRC 240
	100%
	0%
	44.08
	15.43
	36.73
	22.22%
	Blocked Calls

	D1
	MUROS AHS 5.9
	OPT 2
	100%
	0%
	43.1
	15.09
	35.92
	19.52%
	Bad quality calls (3%)


Table 4 MUROS-1 performance results
4.2 MUROS-2

MUROS-2 capacity results are shown in Table 5. 
	CMA Type
	Descrip-tion
	Pulse shape
	OSC

aware Rx 
	DARP

phase I Rx
	Spectral Efficiency [Erl/MHz/site]
	Hardware 

Efficiency 

[Erl/TRX]
	EFL %
	Capacity 

Gain
	Limiting Factor

	A0
	HR
	GMSK
	0%
	100%
	21.204
	13.4292
	17.67
	-
	Blocked Calls

	A1
	MUROS HR
	LGMSK
	100%
	0%
	36.528
	23.1344
	30.44
	72.27%
	Bad quality Calls (3%)

	A1
	MUROS HR
	RRC 240
	100%
	0%
	45.252
	28.6596
	37.71
	113.41%
	Bad quality Calls (3%)

	A1
	MUROS HR
	OPT 2
	100%
	0%
	40.284
	25.5132
	33.57
	90.02%
	Bad quality Calls (3%)

	D0
	AHS 5.9
	GMSK
	0%
	100%
	21.276
	13.4748
	17.73
	-
	Blocked Calls

	D1
	MUROS AHS 5.9
	LGMSK
	100%
	0%
	31.188
	19.7524
	25.99
	46.58%
	Bad quality Calls (3%)

	D1
	MUROS AHS 5.9
	RRC 240
	100%
	0%
	37.224
	23.5752
	31.02
	74.95%
	Blocked Calls

	D1
	MUROS AHS 5.9
	OPT 2
	100%
	0%
	32.904
	20.8392
	27.42
	54.65%
	Bad quality calls (3%)


Table 5 MUROS-2 performance results

4.3 Summary of EFL gains for optimized pulse shapes versus LGMSK reference 
Table 6 shows the resulting system capacity gains in terms of EFL as derived from Table 4 and Table 5 for the investigated network configurations and channel mode adaptation types. 
	CMA Type
	Pulse shape
	MUROS-1 
	MUROS-2

	A
	Candidate OPT 1
	21.54 %
	41.14 %

	
	Candidate OPT 2
	6.37 %
	17.75 %

	D
	Candidate OPT 1
	4.84 %
	28.37 %

	
	Candidate OPT 2
	2.14 %
	8.07 %


Table 6 OSC network capacity gains utilizing optimized pulse shapes. 

The results in Table 6 indicate gains between 5% to 21% that have been observed for MUROS-1 and between 28% and 41% for MUROS-2, respectively. In general the gains are higher for GSM legacy HR due to the fact that legacy GSM HR codec is more robust in OSC mode than AMR HR 5.9 and hence frequency of channel mode adaptation to legacy channel mode is reduced. Note that for all scenarios the UL was simulated as well, but was not identified as the limiting link. 
5. ConclusionS
In this contribution further system level simulation results have been presented showing remarkable capacity gains for OSC when utilizing an optimized transmit pulse shape on DL. 
Two candidate pulse shapes have been investigated and performance was compared against the usage of the linearized GMSK pulse shape. Both candidate pulse shapes outperform the linearized GMSK pulse shape with somewhat higher gains observed for candidate pulse shape OPT 1, i.e. for RRC 240 pulse shape.  Gains between 5% and 21% have been observed for MUROS-1 and between 28% and 41% for MUROS-2. These remarkable gains should not be missed when standardizing VAMOS in Release 9. 
Thus it is proposed to specify candidate pulse shape OPT 1 for the optimized TX pulse shape in DL for VAMOS in addition to the LGMSK TX pulse shape. The MS is supposed to signal its support for the optimized TX pulse shape in DL in the MS classmark 3 IE to the network.
It is proposed to include the text of this contribution into chapter 7 of the MUROS TR [5].
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ANNEX 1: COEFFICIENTS OF CANDIDATE PULSE SHAPE “OPT 1” (OVERSAMPLING 12)
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ANNEX 2: COEFFICIENTS OF CANDIDATE PULSE SHAPE “OPT 2” (OVERSAMPLING 12)
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