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7.2.2  Network Level Performance

7.2.2.1  Network Configurations

In order to evaluate the system impact of OSC, network simulations for the agreed MUROS network configurations were carried out. Studied network configurations are shown in Table 7-15 and the used channel modes and channel mode adaptation types in Table 7-19. Adaptation between OSC and non-OSC channel was based both on load and quality measurements. DL receiver type was DARP Phase 1. The employed BTS antenna type had a 65° horizontal half power beamwidth [7-8]. 
Table 7-15: 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 
	4 

	Fast fading type
	TU
	TU
	TU
	TU

	BCCH or TCH under interest
	Both
	Both
	TCH
	TCH

	Network sync mode
	sync
	sync 
	sync 
	sync 


Table 7-16:  Studied channel modes and channel adaptation types
	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


Basic OSC employing the QPSK constellation in DL, as described above in this section 7.1.2.1 above, was simulated if not otherwise stated. Adaptation between OSC and non-OSC channel was based both on load and quality measurements. According to the defined mix of mobiles in section 5.3 the DL receiver type was either legacy non-DARP Phase I, legacy DARP Phase I or DARP Phase I updated with the knowledge of the new TSC set (“OSC aware MS”) as depicted in the concept description above. Legacy non-DARP Phase I mobiles were not assigned to an OSC subchannel, whilst both other types were assigned. 

It is noted that no model for TSC degradation was incoporated, i.e. it has been assumed that always a well suited pair of TSC’s is available. Link to system mapping based on CIR and DIR has been used. CIR and DIR are determined taking into account each interferer in adjacent and co-channel frequencies where each interference value is multiplied by one protection value that varies depending on which pulse shape is being used by the interferer, on the receiver type and on whether the interference is received in co-channel or adjacent channel. 
7.2.2.2 
Performance 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 

In this section the performance evaluation is depicted for applying LGMSK TX pulse shape in DL, if both subchannels are active. Results are compared for penetration of 100 % OSC aware MS either applying the legacy single user channel mode or the MUROS channel mode.

System performance optimisation to fully support the OSC concept including refinements of all RRM procedures, such as Channel Allocation, and AMR Channel Mode Adaptation, has been undertaken.

7.2.2.2.1      MUROS-1

MUROS-1 capacity numbers are presented in Table 7-17. The reference scenarios A0 (=GSM HR), B0 (=AFS 12.2), C0 (= AFS 5.9) and D0 (=AHS 5.9) were blocking limited, whereas all the other cases were quality limited. 
Table 7-17: MUROS-1 performance results

	Type
	Description
	Spectral Efficiency [Users/MHz/site]
	Hardware Efficiency [Users/TRX]
	EFL
[%]
	Limiting factor

	A0 
	HR
	36.11
	12.64
	30.10
	Blocked calls

	A1
	MUROS HR
	44.79
	15.68
	37.33    
	Bad quality calls (3%)

	B0
	AFS 12.2
	15.46
	5.41
	12.89
	Blocked calls

	B1
	MUROS AFS 12.2
	17.31
	6.06
	14.42
	Bad quality calls (2%)

	C0
	AFS 5.9
	15.4
	5.39
	12.83
	Blocked calls

	C1
	MUROS AFS 5.9
	26.18
	9.16
	21.82
	Bad quality calls (2%)

	D0
	AHS 5.9
	36.13
	12.65
	30.11
	Blocked Calls

	D1
	MUROS AHS 5.9
	36.21
	12.67
	30.17
	Bad quality calls (3%)


7.2.2.2.2 
MUROS-2

MUROS-2 capacity results are shown in Table 7-18. In this loose frequency reuse case (BCCH 4/12 and TCH 3/9) A1. B1 and D1 were quality limited and all the other cases were blocking limited. 
Table 7-18: MUROS-2 performance results

	Type
	Description
	Spectral Efficiency [Users/MHz/site]
	Hardware Efficiency [Users/TRX]
	EFL
[%]
	Limiting factor

	A0 
	HR
	21.16
	13.40
	17.63
	Blocked calls

	A1
	MUROS HR
	37.71
	23.88
	31.42
	Bad quality calls (3%)

	B0
	AFS 12.2
	9.64
	6.11
	8.03
	Blocked calls

	B1
	MUROS AFS 12.2
	12.67
	8.02
	8.90
	Bad quality calls (2%)

	C0
	AFS 5.9
	9.66
	6.12
	8.05
	Blocked calls

	C1
	MUROS AFS 5.9
	20.74
	13.13
	17.28
	Blocked calls

	D0
	AHS 5.9
	21.14
	13.39
	17.62
	Blocked calls

	D1
	MUROS AHS 5.9
	24.50
	15.52
	20.42
	Bad quality calls (3%)


7.2.2.2.3 
MUROS-3

Capacity results for MUROS-3 are shown in Table 7-19 and Table 7-20. Most of the cases where quality limited in this tight frequency reuse network (TCH reuse 1/3 for MUROS-3 a) or 1/1 for MUROS-3 b), respectively). 

Table 7-19: MUROS-3 a) performance results
	Type
	Description
	Spectral Efficiency [Users/MHz/site]
	Hardware Efficiency [Users/TRX]
	EFL
[%]
	Limiting factor

	A0 
	HR
	73.54
	14.71
	61.28
	Blocked calls

	A1
	MUROS HR
	59.28
	12.84
	73.36
	Bad quality calls (3%)

	B0
	AFS 12.2
	32.86
	6.57
	27.38
	Blocked  calls

	B1
	MUROS AFS 12.2
	34.80
	6.96
	29.00
	Bad quality calls (2%)

	C0
	AFS 5.9
	32.85
	6.57
	37.38
	Blocked calls

	C1
	MUROS AFS 5.9
	41.72
	8.34
	34.77
	Bad quality calls (2%)

	D0
	AHS 5.9
	73.01
	14.60
	60.84
	Blocked calls

	D1
	MUROS AHS 5.9
	72.19
	14.44
	60.16
	Bad quality calls (3%)


Table 7-20: MUROS-3 b) performance results
	Type
	Description
	Spectral Efficiency [Users/MHz/site]
	Hardware Efficiency [Users/TRX]
	EFL
[%]
	Limiting factor

	A0 
	HR
	73.13
	14.63
	60.94
	Blocked calls

	A1
	MUROS HR
	91.93
	18.39
	76.61
	Bad quality calls (3%)

	B0
	AFS 12.2
	32.76
	6.55
	27.30
	Blocked calls

	B1
	MUROS AFS 12.2
	37.92
	7.58
	31.60
	Bad quality calls (2%)

	C0
	AFS 5.9
	32.88
	6.58
	27.40
	Blocked calls

	C1
	MUROS AFS 5.9
	51.10
	10.22
	42.58
	Bad quality calls (2%)

	D0
	AHS 5.9
	72.97
	14.59
	60.81
	Blocked calls

	D1
	MUROS AHS 5.9
	77.67
	15.53
	64.73
	Bad quality calls (3%)


7.2.2.2.4 
OSC capacity gains and HW efficiency 

Table 7-21 shows the resulting system capacity gains for all MUROS configurations and all channel mode adaptation types as depicted in section 7.2.2.2.3 . Results show very good capacity gains for OSC in MUROS-2 configuration with the mean gain of 55 % for MUROS-2. In the tight reuse cases (MUROS-1 and MUROS-3) OSC provides remarkable gains between 27 % and 70 % for AFS 5.9 codec, still considerable gains between 20 % and 26 % for GSM HR, whilst moderate gains around 10 % are achieved for AFS 12.2 and almost no gains AHS 5.9 for these network configurations. 

Table 7-21: Summary of OSC network level capacity gains for LGMSK pulse shape in DL
	CMA Type
	MUROS-1 
	MUROS-2
	MUROS-3 a)
	MUROS-3 b)

	A
	24 %
	78 %
	20 %
	26 %

	B
	12 %
	11 %
	6 %
	16 %

	C
	70 %
	115 %  
	27 %
	55 %

	D
	0 %
	16 %
	-1 %
	6 %


HW efficiency results are shown in Figure 7-37. 

Whilst for MUROS-2 all channel mode adaptation types benefit in terms of HW efficiency between 11 % and 114%, and for MUROS 3b) likewise between 6 % and 55 % , HW efficiency can only be improved for channel mode adaptation type C (AFS 5.9) throughout all network configurations varying between 70 % (MUROS-1), 115% (MUROS-2), 27 % (MUROS-3a)) and 55 % (MUROS-3b)).
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Figure 7-37: HW efficiency for OSC with LGMSK pulse shape in DL for agreed MUROS network configurations

7.2.2.2.5 
Performance of optimized user diversity 
Performance was investigated for the proposed optimized user diversity half rate patterns 1, 2 and 3 for network configuration MUROS-1 and channel mode adaptation type D1, i.e. usage of AHS 5.9 codec in legacy channel type and in MUROS channel type. Performance was investigated for different percentages of new OSC aware mobiles (25%, 50%, 75% and 100%). Performance results are depicted in Figure 7-38 and in Table 7-22 below.
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Figure 7-38: EFL for MUROS-1, channel mode adaptation type D1 and different user diversity patterns
Table 7-22: EFL for MUROS-1, channel mode adaptation type D1, different user diversity patterns and different penetration of OSC aware mobiles
	Type
	25%
	50%
	75%
	100%

	UD Patt 1
	10.41
	11.78
	13.23
	15.11

	UD Patt 2
	11.35
	13.65
	15.09
	15.23

	UD Patt 3
	10.89
	12.52
	14.75
	14.91


It has to be noted that only a mix of legacy DARP phase 1 and new OSC aware mobiles was investigated here. We observe that user diversity pattern 2 reveals the best performance, distributing the interference diversity best among different users. Since the signalling channels were not included in the evaluation, user diversity pattern 3 always performs worse than user diversity pattern 2 due to lower interference diversity for TCH. For network configuration MUROS-1 gains of 16% and 14% compared against user diversity pattern 1 (no user diversity) were largest for penetration rates of 50% and 75% of OSC aware mobiles. Gain for 25% penetration was about 9% and only a gain of 1% was evaluated for 100% penetration case. Hence this analysis indicates that optimized user diversity reveals benefits for a mix of different mobile receiver types in the network.
7.2.2.2.6  Performance applying Sub Channel Specific Power Control for OSC

Text from [7-a] is included in this subsection. In [7-b] the sub channel specific power control method for OSC depicted in section 7.1.2.2.1 was proposed. The following configurations depicted in Table 7-xx were evaluated. 

Table 7-xx  Simulation Assumptions
	Parameter
	Setting A
	Setting B

	Codec
	AFS 5.9 (channel mode type C)
	AHS 5.9 (channel mode type D)

	Network Configuration 
	MUROS-2
	MUROS-2

	Mix of Mobiles
	- 35 % non-DARP phase 1 

- 15 % DARP phase 1

- 50 % OSC aware
	- 35 % non-DARP phase 1 

- 15 % DARP phase 1

- 50 % OSC aware

	Channel  Mode Adaptation 
	deactivated
	deactivated

	Subchannel Specific Power Control 
	activated
	activated


Note an OSC aware mobile in this context refers to a mobile that is capable to operate a new TSC. No joint detection capabilities based on the knowledge of the TSC used in the paired sub channel has been assumed for this MS type. The OSC aware MS has got the same receiver filter than the DARP phase I mobile. 

Note, in this investigation the multiplexing of legacy DARP phase I mobiles, being assigned the weaker subchannel, with legacy non-DARP mobiles, being assigned the stronger subchannel, on an OSC channel has been assumed. Therefore the results in Table 7-xx cannot directly be compared against those given in Table 7-18.
Table 7-yy below summarizes the observed gains. 

	Type 
	EFL [%]
	Gains [%] 
	Limiting Factor

	Setting A

	C0
	8.13
	0 
	Blocked calls

	C1
	14.37
	76.74
	Bad quality calls (2%)

	C1 and Sub Channel Specific PC
	15.66
	92.56
	Bad quality calls (2%)

	Setting B

	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%)


Table 7-yy  Observed Capacity Gains due to Subchannel Specific Power Control

From these results, based on the defined mix of mobiles, it can be seen that subchannel specific power control is able to increase further network capacity gains due to OSC in the order of 7% to 16% for MUROS-2. Therefore it is considered to be a viable solution for typical MUROS scenarios as well as for scenarios with a high percentage of legacy users.
7.2.2.2.7  Performance for Usage of Optimized TX Pulse Shape in Downlink

Text from [7-c] is included in this subsection.
7.2.2.2.7.1 Setup for System Performance Evaluation

Studied network configurations are MUROS-1, MUROS-2, MUROS-3a) and MUROS-3b) as shown in Table 7-15. The investigation includes analysis of the performance of full rate channel types, i.e. channel mode adaptation type B (AFS 12.2) and channel mode adaptation type C (AFS 5.9) as well as half rate channel types, i.e. channel mode adaptation type A (GSM HR) and channel mode adaptation type D (AHS 5.9), depicted in Table 7-16.  Different mix of mobiles as defined in Table 5-1 have been evaluated.
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 described in the concept decription above. The utilization of the optimized transmit pulse shape has been assumed merely if both users are active in both sub channels. In case of 

a) non-OSC channels or 

b) 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. Adaptation between OSC and non-OSC channel was based both on load and quality measurements. 
MS receiver type was either legacy DARP phase I or DARP Phase I updated with the knowledge of the new TSC set (named “OSC aware MS”). For both types of MS receivers a receiver front-end filter with a 3-dB bandwidth larger than 240 kHz was assumed, which was used both in case of a non-OSC channel and in case of an OSC channel (MUROS mode). For comparison purposes the legacy “LGMSK” pulse shape has been evaluated as well.  
7.2.2.2.7.2 System Performance Results

System performance results in terms of blocking and DL TCH FER are presented in this section. Spectral efficiency, HW efficiency and EFL are provided for each network configuration and for each channel mode type. 
7.2.2.2.7.2.1 MUROS-1

The EFL is given for the different mix of mobiles in Figures 1a to 1d below.  MUROS-1 capacity numbers are presented in Table 1a to 1d thereafter. 
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	Figure 1a: EFL for investigated TX pulse shapes (MUROS-1, Channel type A) and different penetrations for OSC aware MS. 
	Figure 1b: EFL for investigated TX pulse shapes (MUROS-1, Channel type B) and different penetrations for OSC aware MS.
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	Figure 1c: EFL for investigated TX pulse shapes (MUROS-1, Channel type C) and different penetrations for OSC aware MS. 
	Figure 1d: EFL for investigated TX pulse shapes (MUROS-1, Channel type D) and different penetrations for OSC aware MS.


Table 1a MUROS-1 performance results (Channel Type A).
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Table 1b MUROS-1 performance results (Channel Type B).
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Table 1c MUROS-1 performance results (Channel Type C).
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Table 1d MUROS-1 performance results (Channel Type D).
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7.2.2.2.7.2.2 MUROS-2

The EFL is given for the different mix of mobiles in Figures 2a to 2d below.  MUROS-2 capacity numbers are presented in Table 2a to 2d thereafter.
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	Figure 2a: EFL for investigated TX pulse shapes (MUROS-2, Channel type A) and different penetrations for OSC aware MS
	Figure 2b: EFL for investigated TX pulse shapes (MUROS-2, Channel type B) and different penetrations for OSC aware MS.
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	Figure 2c: EFL for investigated TX pulse shapes (MUROS-2, Channel type C) and different penetrations for OSC aware MS. 
	Figure 2d: EFL for investigated TX pulse shapes (MUROS-2, Channel type D) and different penetrations for OSC aware MS.


Table 2a MUROS-2 performance results (Channel Type A).

[image: image15.png]A0 OFF 100 0 0 GMSK 21.18 13.40 17.63 - Blocked Calls
Al oN 100 0 0 OPT1 .3 2606 36.92 109% Blocked Calls
Al oN 100 0 0 LGMSK .71 2388 3142 78%  Bad Quality Calls (3%)
Al on 100 il i OPT2 4114 26.06 34.29 94% __ Bad Quality Calls (3%)
A0 OFF 75 75 175 | GMSK 2123 13.44 17.69 - Blocked Calls
Al oN 75 75 175 OPT1 EEEE] 2149 827 60% Blocked Calls
Al oN 75 75 175 OPT2 EEES 2113 27.80 57% Blocked Calls
Al on 75 75 175 | LGMSK 307 209 27.56 56% Blocked Calls
A0 OFF 50 15 E3 GMSK 2112 13.38 17.60 - Blocked Calls
Al oN 50 15 ES OPT1 2912 18.44 24.27 8% Blocked Calls
Al oN 50 15 ES OPT2 2688 18.29 24.07 7% Blocked Calls
Al on 50 15 ES LGMSK 2665 18.15 2388 6% Blocked Calls
A0 OFF 25 25 525 | GMSK 21.16 13.40 1763 - Blocked Calls
Al oN % 25 85 OPT1 2552 16.16 2126 21% Blocked Calls
Al oN % 25 85 OPT2 2546 16.13 2122 0% Blocked Calls
Al oN 5 25 525 | LGMSK 25.40 16.09 2117 0% Blocked Calls
Al ON 0 0 70 GMSK. 21.08 13.35 1767 B Blocked Calls





Table 2b MUROS-2 performance results (Channel Type B).
[image: image16.png]B0 OFF 100 0 0 GMSK 9,64 611 8.03 - Blocked Calls
B1 oN 100 0 0 OPT1 17.09 10.82 1424 77%  Bad Quality Calls (2%)
B1 oN 100 0 0 LGMSK 10.69 677 890 11%  Bad Quality Calls (2%)
B1 oN 100 0 0 OPT2 1267 8.02 10.56 31% _ Bad Qualty Calls 2%)
B0 OFF 75 75 | 175 | GMSK 963 610 803 - Blocked Calls
B1 oN 75 75 175 OPT1 1553 984 1295 61% Blocked Calls
B1 oN 75 75 175 OPT2 1232 7.80 10.27 28%  Bad Quality Calls (2%)
B1 oN 75 75 175 | LGMSK 10.65 674 887 11% __ Bad Quality Calls 2%)
B0 OFF 50 15 E5 GMSK 9,60 6.0 800 - Blocked Calls
B1 oN 50 15 ES OPT1 13.21 837 11.01 8% Blocked Calls
B1 oN 50 15 ES OPT2 11.84 750 9.87 23%  Bad Quality Calls (2%)
B1 oN 50 15 ES LGMSK 10.66 675 .88 11% __ Bad Quality Calls 2%)
B0 OFF 25 25 525 | GMSK 9.62 6.09 8.02 - Blocked Calls
B1 oN 5 25 85 OPT1 11.08 7.00 9.2 16% Blocked Calls
B1 oN 5 25 85 OPT2 10.92 692 9.10 14% Blocked Calls
B1 oN 25 25 525 | LGMSK 10.84 6.86 9.03 13% _ Bad Quality Calls 2%)
Bl ON 0 0 70 GMSK. 5.76 B.18 B.13 B Blocked Calls





Table 2c MUROS-2 performance results (Channel Type C).
[image: image17.png]0 OFF 100 0 0 GMSK 9,66 612 8.5 - Blocked Calls
1 oN 100 0 0 OPT1 087 1321 17.39 116% Blocked Calls
1 oN 100 0 0 LGMSK 074 13.13 17.28 115% Blocked Calls
1 on 100 il i OPT2 2089 13.23 17.41 116% Blocked Calls
i) OFF 75 75 175 | GMSK 963 610 802 - Blocked Calls
1 oN 75 75 175 OPT1 1553 9.83 1294 61% Blocked Calls
1 oN 75 75 175 OPT2 15.35 972 1279 59% Blocked Calls
1 on 75 75 175 | LGMSK 15.26 9.66 1271 58% Blocked Calls
i) OFF 50 15 E3 GMSK 959 6.07 7.99 - Blocked Calls
1 oN 50 15 ES OPT1 13.18 835 10.99 8% Blocked Calls
1 oN 50 15 ES OPT2 1321 837 11.01 8% Blocked Calls
1 on 50 15 ES LGMSK 13.22 837 11.01 8% Blocked Calls
i) OFF 25 25 525 | GMSK 964 .11 803 - Blocked Calls
1 oN % 25 85 OPT1 1.22 710 935 16% Blocked Calls
1 oN % 25 85 OPT2 10.98 695 915 14% Blocked Calls
1 oN 5 25 525 | LGMSK 11.03 699 919 14% Blocked Calls
c1 ON 0 0 70 GMSK. 562 £.09 B.01 B Blocked Calls





Table 2d MUROS-2 performance results (Channel Type D).

[image: image18.png]D0 OFF 100 0 0 GMSK 2114 13.39 17.62 - Blocked Calls
D1 oN 100 0 0 OPT1 3652 2313 3044 73%  Bad Quality Calls (3%)
D1 oN 100 0 0 LGMSK 24.50 15.52 2042 16%  Bad Quality Calls (3%)
D1 on 100 il i OPT2 2887 18.28 24.06 37% __ Bad Qualty Calls (3%)
2] OFF 75 75 175 | GMSK 2112 13.38 17.60 - Blocked Calls

D1 oN 75 75 175 OPT1 3345 2118 2787 58%  Bad Quality Calls (3%)
D1 oN 75 75 175 OPT2 683 16.99 2.3 27%  Bad Quality Calls (3%)
D1 on 75 75 175 | LGMSK 2382 15.08 19.85 13% _ Bad Quality Calls (3%)
2] OFF 50 15 E3 GMSK 2118 13.41 17.65 - Blocked Calls

D1 oN 50 15 ES OPT1 2913 18.45 2428 8% Blocked Calls

D1 oN 50 15 ES OPT2 24.82 15.72 068 17%  Bad Quality Calls (3%)
D1 on 50 15 ES LGMSK 2313 14.65 19.28 9% Bad Qualty Calls 3%)
2] OFF 25 25 525 | GMSK 2121 13.43 17.68 - Blocked Calls

D1 oN % 25 85 OPT1 2559 16.21 2133 21% Blocked Calls

D1 oN % 25 85 OPT2 2379 15.07 19.83 12%  Bad Quality Calls (3%)
D1 oN 5 25 525 | LGMSK 2.8 14.45 19.02 8% Bad Qualty Calls 3%)
D1 ON 0 0 70 GMSK. 18.10 11,46 16.09 B Bad Quality Calls (3%)





7.2.2.2.7.2.3 MUROS-3a)
The EFL is given for the different mix of mobiles in Figures 3a to 3d below.  MUROS-3a) capacity numbers are presented in Table 3a to 3d thereafter.
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	Figure 3a: EFL for investigated TX pulse shapes (MUROS-3a, Channel type A) and different penetrations for OSC aware MS. 
	Figure 3b: EFL for investigated TX pulse shapes (MUROS-3a, Channel type B) and different penetrations for OSC aware MS.
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	Figure 3c: EFL for investigated TX pulse shapes (MUROS-3a, Channel type C) and different penetrations for OSC aware MS. 
	Figure 3d: EFL for investigated TX pulse shapes (MUROS-3a, Channel type D) and different penetrations for OSC aware MS.


Table 3a MUROS-3a performance results (Channel Type A).
[image: image23.png]A0 OFF 100 0 0 GMSK 7354 14.71 61.28 - Blocked Calls
Al oN 100 0 0 LGMSK 88.04 1761 7336 20%  Bad Quality Calls (3%)
Al oN 100 0 0 OPT1 97.02 19.40 8085 32%  Bad Quality Calls (3%)
Al on 100 il i OPT2 90.09 18.02 75.07 22% __ Bad Quality Calls (3%)
A0 OFF 75 75 175 | GMSK 7365 1473 6138 - Blocked Calls

Al oN 75 75 175 | LGMSK 7.7 1434 59.76 3% Bad Quality Calls (3%)
Al oN 75 75 175 OPT1 7601 15.20 6334 3%  Bad Qualty Calls 3%)
Al on 75 75 175 OPT2 7411 14.82 61.76 1% Bad Qualty Calls (3%)
A0 OFF 50 15 E3 GMSK 66.79 13.36 55.66 - Bad Quality Calls (3%)
Al oN 50 15 ES LGMSK 6359 1272 5299 5%  Bad Quality Calls (3%)
Al oN 50 15 ES OPT1 65.77 13.15 5481 2% Bad Quality Calls (3%)
Al on 50 15 ES OPT2 64.52 12.90 5376 3% Bad Quality Calls (3%)
A0 OFF 25 25 525 | GMSK 55.84 1017 4653 - Bad Quality Calls (3%)
Al oN 5 25 525 | LGMSK 55.26 11.05 46.05 1% Bad Quality Calls (3%)
Al oN % 25 85 OPT1 55.63 11.13 46.35 0%  Bad Qualty Calls 3%)
Al on % 25 85 OPT2 55.46 11.09 4622 1% Bad Quality Calls (3%)
AQ OFF 0 0 70 GMSK. 47.48 5.50 3957 B Bad Quality Calls (3%)





Table 3b MUROS-3a performance results (Channel Type B).

[image: image24.png]B0 OFF 100 0 0 GMSK 32.86 657 27.38 - Blocked Calls
B1 oN 100 0 0 LGMSK 34.80 696 29.00 6%  Bad Qualty Calls 2%)
B1 oN 100 0 0 OPT1 3626 7.5 3021 10%  Bad Quality Calls (2%)
B1 oN 100 0 0 OPT2 .75 715 29.79 9% Bad Qualty Calls 2%)
B0 OFF 75 75 | 175 | GMSK 3178 636 26.49 - Bad Quality Calls (2%)
B1 oN 75 75 175 | LGMSK 29.19 584 2432 8%  Bad Quality Calls 2%)
B1 oN 75 75 175 OPT1 2952 590 24.60 7% Bad Quality Calls (2%)
B1 oN 75 75 175 OPT2 2696 579 2414 9% Bad Quality Calls 2%)
B0 OFF 50 15 E5 GMSK 24.43 489 2036 B Bad Quality Calls (2%)
B1 oN 50 15 ES LGMSK 24.41 488 203 0%  Bad Qualty Calls 2%)
B1 oN 50 15 ES OPT1 422 484 2019 1% Bad Quality Calls (2%)
B1 oN 50 15 ES OPT2 24.78 496 20685 1% Bad Qualty Calls 2%)
B0 OFF 25 25 525 | GMSK 025 105 16.87 - Bad Quality Calls (2%)
B1 oN 5 25 525 | LGMSK 19.97 399 16.64 1% Bad Quality Calls 2%)
B1 oN 5 25 85 OPT1 038 408 16.98 1% Bad Qualty Calls (2%)
B1 oN % 25 85 OPT2 2008 402 16.73 1% Bad Quality Calls 2%)
B0 OFF 0 0 70 GMSK. 17.60 356 14.83 B Bad Quality Calls (2%)





Table 3c MUROS-3a performance results (Channel Type C).

[image: image25.png]0 OFF 100 0 0 GMSK 3285 657 27.38 - Blocked Calls
1 oN 100 0 0 LGMSK .72 834 .77 7% Blocked Calls
i oN 100 0 0 OPT1 43.00 8560 3684 3% Blocked Calls
1 oN 100 0 0 OPT2 4330 866 36.08 2% Blocked Calls
i) OFF 75 75 | 175 | GMSK 284 657 27.36 - Blocked Calls
1 oN 75 75 175 | LGMSK .98 800 331 2% Blocked Calls
i oN 75 75 175 OPT1 41.29 826 34.40 6% Blocked Calls
1 oN 75 75 175 OPT2 4043 8.09 3369 2% Blocked Calls
i) OFF 50 15 E5 GMSK 282 6.56 2735 - Blocked Calls
1 oN 50 15 ES LGMSK 632 7.6 3026 11%  Bad Quality Calls (2%)
i oN 50 15 ES OPT1 3852 7.70 3210 17% Blocked Calls
1 oN 50 15 ES OPT2 37.69 754 3141 15% Blocked Calls
i) OFF 25 25 525 | GMSK .09 662 2758 - Blocked Calls
1 oN 5 25 525 | LGMSK 34.42 688 2868 4% | Bad Qualty Calls 2%)
i oN 5 25 85 OPT1 3618 7.04 2932 6% Blocked Calls
1 oN % 25 85 OPT2 .71 694 892 5% Bad Qualty Calls 2%)
= OFF 0 0 70 GMSK. 267 553 27.23 B Blocked Calls





Table 3d MUROS-3a performance results (Channel Type D).
[image: image26.png]Channel mode Channel mode OSCRx

D0 OFF 0 0 GMSK 60.84 - Blocked Calls
D1 oN 0 0 LGMSK 60.16 1% Bad Quality Calls (3%)
D1 oN 0 0 OPT1 6245 3% Bad Qualty Calls 3%)
D1 oN 0 0 OPT2 61.02 0% Bad Qualty Calls 3%)
2] OFF 75 | 175 | GMSK 51.02 - Bad Quality Calls (3%)
D1 oN 75 175 | LGMSK 5026 1% Bad Quality Calls (3%)
D1 oN 75 175 OPT1 5030 1% Bad Quality Calls (3%)
D1 oN 75 175 OPT2 5121 0% Bad Qualty Calls 3%)
2] OFF 15 E3 GMSK 40.09 - Bad Quality Calls (3%)
D1 oN 15 ES LGMSK 4026 0%  Bad Qualty Calls 3%)
D1 oN 15 ES OPT1 4089 2% Bad Qualty Calls 3%)
D1 oN 15 ES OPT2 4059 1% Bad Quality Calls (3%)
2] OFF 25| E25 | GMSK 221 - Bad Quality Calls (3%)
D1 oN 25 825 | LGMSK 278 2% Bad Qualty Calls 3%)
D1 oN 25 825 OPT1 267 1% Bad Qualty Calls (3%)
D1 oN 25 825 OPT2 3279 2% Bad Qualty Calls 3%)
[ OFF 30 70 GMSK. 27.70 B Bad Quality Calls (3%)





7.2.2.2.7.2.4 MUROS-3b)

The EFL is given for the different mix of mobiles in Figures 4a to 4d below.  MUROS-3b) capacity numbers are presented in Table 4a to 4d thereafter.
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	Figure 4a: EFL for investigated TX pulse shapes (MUROS-3b, Channel type A) and different penetrations for OSC aware MS. 
	Figure 4b: EFL for investigated TX pulse shapes (MUROS-3b, Channel type B) and different penetrations for OSC aware MS.
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	Figure 4c: EFL for investigated TX pulse shapes (MUROS-3b, Channel type C) and different penetrations for OSC aware MS. 
	Figure 4d: EFL for investigated TX pulse shapes (MUROS-3b, Channel type D) and different penetrations for OSC aware MS.


Table 4a MUROS-3b performance results (Channel Type A).
[image: image31.png]A0 OFF 100 0 0 GMSK 7313 1453 60.94 - Blocked Calls
Al oN 100 0 0 LGMSK 91.93 18.39 7661 26%  Bad Quality Calls (3%)
Al oN 100 0 0 OPT1 111.90 238 93.25 53% Blocked Calls

Al oN 100 0 0 OPT2 97.99 19.60 81.66 34% __ Bad Qualty Calls (3%)
A0 OFF 75 75 | 175 | GMSK 7331 1466 61.09 - Blocked Calls

Al oN 75 75 175 | LGMSK 75.10 15.02 6258 2% Bad Qualty Calls 3%)
Al oN 75 75 175 OPT1 8138 16.28 67.82 11%  Bad Quality Calls (3%)
Al oN 75 75 175 OPT2 78.56 15.71 65.47 7% Bad Qualty Calls 3%)
A0 OFF 50 15 E5 GMSK 7332 1456 6110 - Blocked Calls

Al oN 50 15 ES LGMSK 68.86 13.77 57.39 6%  Bad Quality Calls (3%)
Al oN 50 15 ES OPT1 72.44 14.49 6037 1% Bad Quality Calls (3%)
Al oN 50 15 ES OPT2 7083 14.17 59.02 3% Bad Quality Calls (3%)
A0 OFF 25 25 525 | GMSK 7249 1450 6041 - Bad Quality Calls (3%)
Al oN 5 25 525 | LGMSK 66.04 13.21 55.03 9% Bad Quality Calls (3%)
Al oN 5 25 85 OPT1 68.29 1366 56.90 6%  Bad Quality Calls (3%)
Al oN % 25 85 OPT2 67.41 13.48 56.18 7% ___ Bad Quality Calls (3%)
AQ OFF 0 0 70 GMSK. 54.42 1288 £3.69 B Bad Quality Calls (3%)





Table 4b MUROS-3b performance results (Channel Type B).
[image: image32.png]B0 OFF 100 0 0 GMSK 32.76 655 27.30 - Blocked Calls
B1 oN 100 0 0 LGMSK 7.92 758 31.60 16%  Bad Quality Calls (2%)
B1 oN 100 0 0 OPT1 4395 879 36.62 34%  Bad Quality Calls (2%)
B1 oN 100 0 0 OPT2 3945 7.89 287 20% __ Bad Qualty Calls 2%)
B0 OFF 75 75 | 175 | GMSK .08 662 27.56 - Blocked Calls

B1 oN 75 75 175 | LGMSK 3268 654 2724 1% Bad Quality Calls (2%)
B1 oN 75 75 175 OPT1 2.9 659 2746 0%  Bad Qualty Calls 2%)
B1 oN 75 75 175 OPT2 275 655 2729 1% Bad Quality Calls 2%)
B0 OFF 50 15 E5 GMSK EERH 663 27.64 - Blocked Calls

B1 oN 50 15 ES LGMSK 2896 579 2413 3%  Bad Qualty Calls 2%)
B1 oN 50 15 ES OPT1 2932 586 2443 12%  Bad Qualty Calls 2%)
B1 oN 50 15 ES OPT2 2885 577 24.04 13% __ Bad Qualty Calls 2%)
B0 OFF 25 25 525 | GMSK 29.90 598 2451 - Bad Quality Calls (2%)
B1 oN 5 25 525 | LGMSK 7.2 544 2269 9% Bad Quality Calls (2%)
B1 oN 5 25 85 OPT1 2787 557 52 7% Bad Quality Calls (2%)
B1 oN % 25 85 OPT2 27.54 551 29 8% Bad Quality Calls 2%)
B0 OFF 0 0 70 GMSK. 26.54 531 2.12 - Bad Quality Calls (2%)





Table 4c MUROS-3b performance results (Channel Type C).
[image: image33.png]0 OFF 100 0 0 GMSK 3288 658 27.40 - Blocked Calls
1 oN 100 0 0 LGMSK 5110 10.22 4258 55% Blocked Calls
i oN 100 0 0 OPT1 5119 10.24 4266 56% Blocked Calls
1 oN 100 0 0 OPT2 51.79 10.35 4318 57% Blocked Calls
i) OFF 75 75 | 175 | GMSK .86 657 2738 - Blocked Calls
1 oN 75 75 175 | LGMSK 4140 828 34.50 26%  Bad Quality Calls (2%)
i oN 75 75 175 OPT1 49.98 10.00 4165 52%  Bad Quality Calls (2%)
1 oN 75 75 175 OPT2 4651 930 3876 42% __ Bad Quality Calls 2%)
i) OFF 50 15 E5 GMSK 257 659 2747 - Blocked Calls
1 oN 50 15 ES LGMSK .72 754 3143 14%  Bad Quality Calls (2%)
i oN 50 15 ES OPT1 4259 852 3549 29%  Bad Qualty Calls (2%)
1 oN 50 15 ES OPT2 4001 8.00 EEE") 21% _ Bad Qualty Calls 2%)
i) OFF 25 25 525 | GMSK 3250 658 2742 - Blocked Calls
1 oN 5 25 525 | LGMSK 3653 731 3044 1% Blocked Calls
i oN 5 25 85 OPT1 3667 7.3 3056 1% Blocked Calls
1 oN % 25 85 OPT2 36.50 730 3042 1% Blocked Calls
= OFF 0 0 70 GMSK. 3291 B.50 27.42 B Blocked Calls





Table 4d MUROS-3b performance results (Channel Type D).
[image: image34.png]D0 OFF 100 0 0 GMSK 7297 14.59 60.81 - Blocked Calls
D1 oN 100 0 0 LGMSK 7767 1653 64.73 6%  Bad Qualty Calls 3%)
D1 oN 100 0 0 OPT1 87.31 17.48 7276 20%  Bad Quality Calls (3%)
D1 oN 100 0 0 OPT2 8028 16.08 66.90 10% __ Bad Quality Calls (3%)
2] OFF 75 75 | 175 | GMSK 7305 1451 60.88 - Blocked Calls

D1 oN 75 75 175 | LGMSK 67.16 13.43 55.96 8%  Bad Quality Calls (3%)
D1 oN 75 75 175 OPT1 68.55 13.71 57.12 6%  Bad Quality Calls (3%)
D1 oN 75 75 175 OPT2 67.60 13.52 56.33 7% ___ Bad Quality Calls (3%)
2] OFF 50 15 E5 GMSK 63.44 1269 5287 - Bad Quality Calls (3%)
D1 oN 50 15 ES LGMSK 59.57 11.91 49.64 6%  Bad Quality Calls (3%)
D1 oN 50 15 ES OPT1 59.43 11.89 49.52 6%  Bad Quality Calls (3%)
D1 oN 50 15 ES OPT2 59.68 11.94 49.73 6% Bad Quality Calls (3%)
2] OFF 25 25 525 | GMSK 54.44 10.89 1536 - Bad Quality Calls (3%)
D1 oN 5 25 525 | LGMSK 5337 10.67 44.48 2% Bad Quality Calls (3%)
D1 oN 5 25 85 OPT1 53.41 10.68 4451 2% Bad Quality Calls (3%)
D1 oN % 25 85 OPT2 5373 10.75 44.78 1% Bad Quality Calls (3%)
[ OFF 0 0 70 GMSK. 3691 538 39.09 B Bad Quality Calls (3%)





7.2.2.2.7.3  Summary of EFL gains for optimized pulse shapes versus legacy LGMSK pulse shape  
Table zz shows the resulting system capacity gains in case of 100 % OSC aware MS in terms of EFL as derived from Figures 1a to 1d, 2a to 2d, 3a to 3d and 4a to 4d for the investigated network configurations and channel types. 
Table zz: OSC network capacity gains for optimized TX pulse shapes and LGMSK pulse shape with 100 % OSC aware MS (blue: quality limited, 
brown: blocking limited).
	Channel Type
	TX Pulse shape
	MUROS-1
	MUROS-2
	MUROS-3a
	MUROS-3b

	A
	Candidate OPT 1
	47 %
	109 %
	32 %
	53 %

	
	Candidate OPT 2
	30 %
	94 %
	22 %
	34 %

	
	LGMSK
	24 %
	78 %
	20 %
	26 %

	
	OPT 1 –  LGMSK
	23 %
	31 %
	12 %
	27 %

	B
	Candidate OPT 1
	32 %
	77 %
	6 %
	34 %

	
	Candidate OPT 2
	18 %
	31 %
	10 %
	20 %

	
	LGMSK
	12 %
	11 %
	9 %
	16 %

	
	OPT 1 –  LGMSK
	20 %
	66 %
	-3 %
	18 %

	C
	Candidate OPT 1
	111 %
	116 %
	31 %
	56 %

	
	Candidate OPT 2
	82 %
	116 %
	32 %
	57 %

	
	LGMSK
	70 %
	115 %
	27 %
	55 %

	
	OPT 1 –  LGMSK
	41 %
	1 %
	4 %
	1 %

	D
	Candidate OPT 1
	15 %
	73 %
	3 %
	20 %

	
	Candidate OPT 2
	5 %
	37 %
	0 %
	10 %

	
	LGMSK
	0 %
	16 %
	-1 %
	6 %

	
	OPT 1 –  LGMSK
	15 %
	57 %
	4 %
	14 %


The results in Table zz indicate additional gains over the LGMSK pulse shape 

· between 15% to 41% that have been observed for MUROS-1, 

· between 1% (hard blocking limited) to 66% for MUROS-2,

· between 4% to 12% for MUROS 3a and 

· between 2% (hard blocking limited) to 27% for MUROS-3b, 

when compared against the non-MUROS reference performance. 

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. For full rate channel type B clear performance gains of OSC and further for both optimized pulse shapes can be observed for MUROS-1, MUROS-2 and MUROS-3b, whilst the channel type C is mostly hard blocking limited, except MUROS-1, where the optimized pulse shape can as well significantly improve the performance. Note that for all scenarios the UL was simulated as well, but was not identified as the limiting link. 
7.2.2.2.7.4  Conclusions
Two candidate pulse shapes for an optimized transmit pulse shape on DL 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.  Additional gains over the LGMSK pulse shape between 15% to 41% have been observed for MUROS-1, up to 66% for MUROS-2, between 4% and 12% for MUROS 3a and up to 27% for MUROS-3b, compared against the non-MUROS reference performance. These remarkable gains should not be missed when standardizing the selected candidate technique out of  the MUROS Feasibility study. 
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 legacy 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 as suggested in [7-d].
****Last modified subclause ****

7.2.3 
Performance Summary

Both link level and system level performance evaluation for the candidate technique OSC have revealed a great potential of OSC to increase network capacity up to 100 %. 

System performance of the basic OSC candidate technique as presented to GERAN#36 [7-2] was investigated. Both spectral efficiency and hardware efficiency for OSC were investigated based on the refined minimum quality thresholds of 2% for FR channels and 3% for HR channels for average call FER. 

Results related to the usage of legacy linearized TX pulse shape in DL and basic OSC show very good capacity gains for OSC in MUROS-2 configuration with the mean gain of 55 % for MUROS-2. In the tight reuse cases (MUROS-1 and MUROS-3) OSC provides remarkable gains between 27 % and 70 % for AFS 5.9 codec, still considerable gains between 20 % and 26 % for GSM HR, whilst moderate gains around 10 % are achieved for AFS 12.2 and almost no gains AHS 5.9 for these network configurations. With regard to HW efficiency for MUROS-2 all channel mode adaptation types benefit between 11 % and 114%, and for MUROS 3b) likewise between 6 % and 55 %. HW efficiency can only be improved for channel mode adaptation type C (AFS 5.9) throughout all network configurations varying between 70 % (MUROS-1), 115% (MUROS-2), 27 % (MUROS-3a)) and 55 % (MUROS-3b)).
Further enhancements can be achieved through the usage of optimized TX pulse shape in DL for basic OSC. Results have identified high capacity gains up to 41% for MUROS-1, up to 57 % for MUROS-2, up to 12% for MUROS-3a) and up to 27% for MUROS-3b) compared to the usage of legacy LGMSK TX pulse shape. For moderate reuse scenarios like MUROS-2, the optimized TX pulse shape can considerably increase capacity for HR channel types (57 % gain for AHS 5.9, 31% for GSM HR) and  thus leading to a higher robustness against frame erasures. Network configurations employing a tighter frequency reuse can still benefit from the usage of the optimized TX pulse shape especially if robust half rate codecs (e.g. GSM HR) are used and hence up to 27 % gain over the use of LGMSK pulse shape can be achieved, yielding up to around 50 % capacity gain for OSC against non-OSC mode for robust HR codecs like GSM HR in these tighter reuse scenarios.   
Further enhancements such as subchannel specific power control on DL and the usage of optimized user diversity patterns have been investigated as well. First investigations show that optimized user diversity improves the performance for different mix of mobiles. Subchannel specific power control is able to increase further network capacity gains due to OSC in the order of 7% to 16% for MUROS-2. Thus it is expected that enhanced OSC will yield a further performance improvement for all network configurations both for the case of 100% of DARP phase I or OSC aware mobiles and for the case of a mix of OSC aware, legacy DARP phase I and legacy non-DARP mobiles.
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