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1. Introduction

It has been shown in [1] that Orthogonal Sub Channels (OSC) was able to double voice capacity in a blocking limited scenario. In this contribution, new system performance results for OSC are presented including interference limited networks. Performance evaluations have been done in the agreed network configurations: MUROS-1, MUROS-2 and MUROS-3. 
Presented results are the first system level performance evaluations for the OSC using the new MUROS configurations. There were not any OSC specific enhancements included at this phase, like e.g. User Diversity or Sub Channel specific Power Control, thus the results present OSC performance without any OSC optimized radio resource management. Results with OSC enhancements will be presented at the next meetings. 
HW efficiency for the different configurations was also evaluated. It was found out that the agreed 1% FER criterion was too tight to achieve reasonable network capacity and HW efficiency in most of the agreed network configuration and channel and codec mode combination. In this contribution, it is proposed that relaxed FER criteria would be considered for the future system performance evaluations. 
2. Network configurationS
Studied network configurations are shown in Table 1 and the used channel mode adaptation cases in Table 2. Adaptation between OSC and non-OSC channel was based on load and quality measurements. DL receiver was DARP Phase I. 
Results for the GSM HR and AHS5.9 are not shown in this study because 1% TCH FER criterion was found to be too tight for the half rate traffic in the agreed tight frequency reuse networks. In real networks channel adaptation between half rate and full rate is used to maintain good quality for the calls at the cell edge and high interference conditions. However, channel rate adaptation is not included to the feasibility study at this phase, and thus achieved network capacity with 1% FER criterion was very low. 
Table 1 Studied network configurations 
	Parameter
	MUROS-1
	MUROS-2
	MUROS-3

	Frequency band (MHz)
	900
	900
	1800

	Cell radius
	500 m
	500 m
	500 m

	Bandwidth
	4.4 MHz
	11.6 MHz
	2.6 MHz

	Guard band
	0.2 MHz
	0.2 MHz
	0.2 MHz

	# channels excluding guard band
	21
	57
	12

	# TRX
	4
	6
	4

	BCCH frequency re-use
	4/12
	4/12
	N.A.

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

	Frequency Hopping
	Synthesized
	Baseband 
	Synthesized

	Length of MA (# FH frequencies)
	9
	5 
	4 

	Fast fading type
	TU
	TU
	TU

	BCCH or TCH under interest
	Both
	Both
	TCH

	Network sync mode
	sync
	sync 
	sync 


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

	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


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 < 1% for at least 95% of the users 

The network capacity gains were calculated as, 

Network Capacity Gain = 
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3.1 MUROS-1

MUROS-1 capacity numbers are presented in Table 3. Case C0 (=reference AFS5.9) was blocking limited, whereas B0, B1 and C1 were all quality limited. Moreover, in B0 and B1 cases network capacity was very low because 1% FER criterion was too tight for AFS12.2 codec in this tight frequency reuse network. 
In case of AMR 5.9 codec (=C0 and C1) OSC was able to provide 28% capacity gain compared to reference. C0 was blocking limited at 15.5 Erlangs/MHz/site whereas C1 was quality limited at 19.9 Erlangs/MHz/site. 
Table 3 MUROS-1 Spectral Efficiency [Erlangs/MHz/site] 
for 2% blocking and 95% call quality criteria. 
	 
	2% blocking
	95% quality

	B0_MUROS1
	15,5
	~5

	B1_MUROS1
	35,1
	~5

	C0_MUROS1
	15,5
	17,7

	C1_MUROS1
	35,1
	19,9


3.2 MUROS-2

MUROS-2 capacity results are shown in Table 4. In this loose frequency reuse case (BCCH 4/12 and TCH 3/9) only B1 was quality limited and all the other cases were blocking limited. OSC achieved 45% gain for case B and 120% for case C. 

Table 4 MUROS-2 Spectral Efficiency [Erlangs/MHz/site] for 2% blocking and 95% call quality criteria. (N.A. = FER quality remained above the 95% criteria for all simulated points).
	 
	2% blocking
	95% quality

	B0_MUROS2
	9,7
	N.A.

	B1_MUROS2
	21,3
	14,1

	C0_MUROS2
	9,7
	N.A.

	C1_MUROS2
	21,3
	N.A.


3.3 MUROS-3
Capacity results for MUROS-3 are shown in Table 5. It can be seen that all cases were quality limited in this tight frequency reuse network (reuse 1/3). Case C showed about 12 % capacity gain for OSC. 
Table 5 Network maximum capacity [Erlangs/MHz/site] for MUROS-3

	 
	2% blocking
	95% quality

	B0_MUROS3
	27,3
	11,1

	B1_MUROS3
	61,6
	11,4

	C0_MUROS3
	27,3
	24,3

	C1_MUROS3
	61,6
	27,1


3.4 Spectral efficiency and HW efficiency

Spectral efficiency (in terms of Erlangs/MHz/site) for all MUROS configurations is shown in Figure 1 and HW efficiency (in terms of Erlangs/TRX) in Figure 2.
OSC was able to significantly improve spectral efficiency in MUROS-2 configuration. Also HW efficiency was high in case of MUROS-2; up to about 14 Erlangs/TRX in case of C1 (=AFS5.9 <-> OSC AFS5.9). In case of tighter frequency reuses HW efficiency numbers were much more limited. In B0 and B1 only about 2 Erlangs/TRX was achieved in MUROS-1 and MUROS-3. This clearly indicates that the used quality criteria was not in balance with the network configuration and used channel and codec mode pair. This was also evident during the test simulations with half rate speech traffic (results not shown in this study). 

Based on the presented results and test simulations with the half rate traffic it is obvious that the used 1% FER criterion is too tight to have reasonable spectral efficiency and HW efficiency evaluation in these network configurations. Therefore, TCH FER criterion needs to be relaxed. 
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Figure 1 Spectral efficiency (SE) for MUROS1-3.
[image: image3.emf]HW efficiency

0

2

4

6

8

10

12

14

16

MUROS-1 MUROS-2 MUROS-3

Erlangs / TRX

B0 (AFS12.2)

B1 (AFS12.2<->OSC AFS12.2)

C0 (AFS5.9)

C1 (AFS5.9<->OSC AFS5.9)


Figure 2 HW efficiency for MUROS1-3.
4. discussion
4.1 Minimum call quality performance
SE and HW efficiency results of this study indicates that the agreed quality criteria for the minimum call quality (call average FER < 1%) is too tight for most of the agreed network configuration and channel and codec mode pair. Moreover, the same problem was evident at the test simulations with the half rate traffic. 1% connection FER criterion is clearly too tight for the reasonable network capacity studies in the agreed MUROS configurations, and therefore it is proposed that a relaxed FER criteria would be selected for the MUROS Feasibility Study.

In the SAIC Technical Report [2] network performance results are shown for 2% call average FER criterion. Moreover, results of MOS vs. FER analysis presented in [3] and depicted in Figure 3 below show that good speech quality is achieved with lower than 1% FER. Therefore, it is proposed that 2% FER threshold criterion is used for channels using full rate coding and 3% FER threshold for channels using half rate coding. 
[image: image4.png]mos

42

38

36

34

32

28

26

24

22

—FR 12.2

——FR7.4

——HR7.4

FR5.9

HR5.9

—FR4.75

——HR4.75

ira

1
I

5 6
FER(%)

10




Figure 3 MOS vs. FER based on the polynomical trend lines with order of 3 [2]
According to Figure 3 a MOS > 3.2 can be achieved for the investigated full rate codecs with FER = 2%, whilst a MOS > 3.0 can be reached for the investigated half rate codecs with FER = 3%. The increased MOS figure for half rate codecs is justified since a channel mode switching from half rate to full rate mode is not included in the system performance evaluation according to the agreement at the GERAN 1 Adhoc on EGPRS2/WIDER/MUROS/MCBTS in [7]. 
4.2 OSC capacity gain in the agreed MUROS configurations

Results of this study demonstrated very good capacity gains for OSC in MUROS-2 configuration and moderate gains in MUROS-1 and MUROS-3 configurations. It should be noted that presented results were achieved without any OSC optimization or specific radio resource management. Several enhancements have been proposed for OSC, like User Diversity [4], Sub Channel specific Power Control [5] and Frequency Hopping Schemes [6], which will improve OSC network level performance. These are topics for the future OSC system performance studies. 
5. Conclusion

In this study, performance of the OSC concept was evaluated for the agreed MUROS network configurations. It was shown that OSC is able to provide significant capacity gains in different network configurations. In MUROS-2 more than doubled capacity was achieved, but also in case of tight frequency reuse OSC was able to improve network capacity. It was also shown how HW efficiency is improved with OSC. Presented results do not include any OSC enhancements like e.g. User Diversity and Sub Channel specific Power Control. 
It was found out that the agreed 1% call FER criterion is too tight for the reasonable network capacity evaluation in the agreed simulation configurations. Following aspects support the selection of relaxed FER limits for the MUROS Feasibility Study: 

· HW efficiency results presented in this study showed that 1% FER criterion was too tight for the agreed configurations. Quality limited network capacity was significantly lower compared to network capacity at 2% blocking limit for most of the scenarios. Moreover, in case of pure half-rate traffic simulations the problem will be even more substantial. 
· 2% FER criterion was used at the SAIC Technical Report [2].
· Results of [3] show that MOS > 3.2 can be achieved for the investigated full rate codecs with FER = 2%, whilst a MOS > 3.0 can be reached for the investigated half rate codecs with FER = 3%. 
Therefore, it is proposed that 2% FER threshold criterion is used for channels using full rate coding and 3% FER threshold for channels using half rate coding. 
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