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1 Introduction

This contribution is an updated version of [1] presented at 3GPP GERAN#40 WG1 in Miami. 

The reason for the update is that some inconsistencies have been found in the presented results and impacts on simulation assumptions have, in some cases, been underestimated.
The contribution is identical to [4] presented at 3GPP TSG GERAN WG1 telco #5 except for some updates highlighted in red.

2 Methodology

System simulation methodology is presented in chapter 2 in contribution [2].
3 Considerations when running network simulations

3.1 Network size

In MUROS/VAMOS system evaluations presented in GERAN there has so far not been a discussion on the size of the network simulated. An increase of network size will increase the simulation time, but it needs however to be asserted that enough statistics is collected during a simulation to get confident results.

3.1.1 Interference

Increasing the network size will increase the number of interferers in the system. It is desireabel to simulate a sufficiently large system where any additional interferers, generated by an increase of the system, will have minimal impact on performance.

3.1.2 Lognormal fading

When decreasing the system size the impact from different generated lognormal fading maps will increase, i.e. two simulations run with two differently generated lognormal fading maps will differ more for smaller systems.

3.2 Simulation time

In order to collect sufficient statistics for both quality and blocking scenarios the length of the simulated time in the network should be considered. For CS simulations an absolute minimum should be the average call duration. It should also be considered to have a sufficient length of the simulation to avoid any border effects from the initial allocation of users at the start of the simulation. Further, the measure of “enough statistics” for a quality limited and blocking limited scenario might differ. Typically in a blocking scenario the blocking is evaluated on a base station basis while the quality mesure is evaluated on a user basis, thus, in order to reach sufficient statistics for a blocking limited scenario longer simulations are needed than for a corresponding quality limited scenario.

4 Simulation Results
4.1 Simulation assumptions
4.1.1 Update of simulation assumptions

Compared to [1] some simulations assumptions have been updated, based on the discussion given in Section 3.1. Also, compared to [4], there has been some adjustments to MUROS-2, AHS 5.90 for the non-VAMOS reference case and for MUROS-3A&B, AFS 5.90 for the VAMOS case.
MUROS-2

The network size simulated has been increased from 81 cells ( 144 cells. This corresponds to a network with 16 cell clusters. In addition an average over six different simulated seeds have been taken to increase statistics especially for block limited scenarios.
Also for MUROS-2, using 50 % penetration of VAMOS MSs there has been a change in MS speed. In [3] it was incorrectly stated that a MS speed of 50 km/h had been used while the actual simulated speed was 3 km/h. In this contribution the speed has been changed to 50 km/h. A higher speed increases the number of channel adaptations and thus will have impact to the performance.
MUROS-3X
The network size simulated has been increased from 27 cells ( 75 cells. This corresponds to a network with 25 cell clusters. In addition an average over six different simulated seeds have been taken to increase statistics especially for block limited scenarios.
4.1.2 Network configuration

The network configuration assumptions for MUROS-2, 3A and 3B test cases are shown in Table 1.

Table 1: Network configurations for VAMOS test scenarios

	Parameter
	MUROS-2
	MUROS-3A
	MUROS-3B

	Frequency band (MHz)
	900
	1800
	1800

	Cell radius
	500 m
	500 m
	500 m

	Bandwidth
	9 MHz
	2.6 MHz
	2.6 MHz

	# channels 
	45
	12
	12

	# TRX
	5
	4
	4

	BCCH frequency reuse
	Not simulated
	Not simulated
	Not simulated

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

	Frequency Hopping
	Baseband 
	Synthesized
	Synthesized

	Length of MA
	5
	4
	12

	Fast fading type
	TU-50
	TU-50
	TU-50

	Network sync mode
	Sync
	Sync
	Sync

	Propagation Model
	UMTS 30.03 
	UMTS 30.03
	UMTS 30.03

	Sector Antenna Pattern
	ETR 04.02
(65 deg)
	ETR 04.02
(65 deg)
	ETR 04.02
(65 deg)

	QPSK power backoff
	3.3 dB
	3.3 dB
	3.3 dB

	Network size
	144 cells
	75 cells
	75 cells


4.1.3 Minimum call quality performance

The following criteria for call quality definition have been used:

· Average Call FER < 2% for at least 95% of the users (Full Rate calls)

· Average Call FER < 3% for at least 95% of the users (Half Rate calls)

· Blocked Calls < 2% (Blocked Calls / Call Attempts * 100%)

4.2 Basic OSC system performance results for MUROS-2
4.2.1 Network capacity gain
The updated gains at different VAMOS penetration levels for MUROS-2 are summarized in Table 2. All crossed-out values are those presented in [1] and values in red text are updated values. Hardware and spectral efficiency values are presented in Table 5 and Table 6.
Table 2 Summary of network level capacity gain, MUROS-2

	Type
	Gain at penetration levels: (*)

50/15/35

(ref. 65/35)
	Gain at penetration levels: (*)

100/0/0

(ref. 100/0)

	A
	- (***)
	112% (87%)

	B
	- (***)
	86% (75%)

	C
	- (***)
	110% (114%)

	D
	49% (44%)
	89% (82%)

	C+D**
	49% (44%)
	89% (82%)


* The penetration levels are related to VAMOS/SAIC/non-SAIC MS receiver type. Values in brackets are related to SAIC/non-SAIC MS receiver type.

** Codec mode types C and D are also compared jointly, comparing spectral efficiency of the best TCH/AxS 5.9 with the best Basic OSC/AxS 5.9
*** Not simulated

4.3 Basic OSC system performance results for MUROS-3A and MUROS-3B
4.3.1 Network capacity gain

The gain at 100% VAMOS penetration level has been updated. Each case has been compared with a non-VAMOS system evaluation where 100% SAIC receivers have been used.

All crossed-out values are those presented in [1] and values in red text are updated values. Hardware and spectral efficiency values are presented in Table 7 and Table 8.
Table 3 Summary of network level capacity gain, MUROS-3


	Type
	Gain MUROS-3A 
	Gain MUROS-3B

	A
	0%
	0%

	B
	0%
	0%

	C
	44% (39%)
	23% (31%)

	D
	0%
	0%

	C+D*
	0%
	0%


*Codec mode types C and D are also be compared jointly, comparing spectral efficiency of the best TCH/AxS 5.9 with the best Basic OSC/AxS 5.9.

5 Summary

A summary of Basic OSC system performance results are presented in Table 4. 100% VAMOS penetration have been compared with 100% SAIC penetration.

Table 4: Summary of Basic OSC system performance results


	Type
	Gain MUROS-2 
	Gain MUROS-3A 
	Gain MUROS-3B 

	A
	112% (87%)
	0%
	0%

	B
	86% (75%)
	0%
	0%

	C
	110% (114%)
	44% (39%)
	23% (31%)

	D
	89% (82%)
	0%
	0%

	C+D
	89% (82%)
	0%
	0%


6 Discussion

This contribution has evaluated the VAMOS candidate technique Basic OSC on DL in different system level scenarios. Updated values compared to those presented by Ericsson at VAMOS telco #5 has been indicated in red.

The following should be noted regarding the results:

· The system is only evaluated on DL. Thus, the results are only valid for ideal UL. To get the full picture of the VAMOS capacity also the UL shall to be taken into account.

· The VAMOS MSs that have been used in the simulations are SAIC capable. Thus, any MS receiver improvements, e.g. using a SAM receiver could potentially increase the gains in quality limited scenarios when having a high penetration of VAMOS MSs.

· The same FER rate has been used for quality measurements for all FR (2 %) and HR (3 %) codec’s respectively. Thus, no consideration has been taken to the speech quality experienced by the user. E.g. the larger capacity gains that, in general, is seen with GSM HR compared to AHS5.90 comes with a lower speech quality.

· All results are presented with a 65 degree antenna pattern used in the system simulator.

· In tight frequency reuse networks, like MUROS-3A and 3B, no or small gains for the half rate codec’s are observed. Test case MUROS-3A and 3B has been updated with new absolute values for spectral and hardware efficiency (see Annex: Basic OSC System performance results).
· For test scenario MUROS-2 at 50% VAMOS capable MS penetration level, there are 35% non-SAIC capable MS:s. These mobiles are not allowed to be allocated on a VAMOS TS, thus giving block limited simulations due to lack of resources.
Further enhancements of the Basic OSC technique such as,

· Adaptive symbol constellation, α-QPSK
· Adaptive constellation rotation

· Diversity schemes (frequency hopping, user diversity),

are left FFS.

7 Conclusions

It has been shown that the Basic OSC candidate technique give large capacity gains in networks using sparse frequency reuse, like MUROS-2. The gains for different codec’s for MUROS-2 are between 86% and 112% for case ‘A’, ‘B’ and ‘C+D’ at 100% VAMOS MS penetration. Lower gains are seen at lower penetration levels.

In tight frequency reuse scenarios, MUROS-3A and MUROS-3B there are no gains for case ‘A’, ‘B’ and ‘C+D’.
For GSM HR and AHS 5.9 some improvements are seen after further optimization of the system simulator with more efficient channel packing algorithms.
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9 Annex: Basic OSC System performance results
Table 5: MUROS-2 Basic OSC system performance results (50% VAMOS)


	Type
	Description
	Spectral efficiency [Erl./MHz/site]
	HW efficiency

[Erl./TRX]
	Call quality limitation

	A0
	GSM HR
	-
	-
	Block limited

	A1
	VAMOS GSM HR
	-
	-
	Block limited

	B0
	AFS 12.2
	-
	-
	Block limited

	B1
	VAMOS AFS 12.2
	-
	-
	Block limited

	C0
	AFS 5.9
	-
	-
	Block limited

	C1
	VAMOS AFS 5.9
	-
	-
	Block limited

	D0
	AHS 5.9
	19.8
	11.9
	Block limited

	D1
	VAMOS AHS 5.9
	29.6
	17.8
	Block limited


Table 6: MUROS-2 Basic OSC system performance results (100% VAMOS)


	Type
	Description
	Spectral efficiency [Erl./MHz/site]
	HW efficiency

[Erl./TRX]
	Call quality limitation

	A0
	GSM HR
	19.8
	11.9
	Block limited

	A1
	VAMOS GSM HR
	41.9
	25.2
	Quality limited

	B0
	AFS 12.2
	9.38
	5.63
	Block limited

	B1
	VAMOS AFS 12.2
	16.90
	10.14
	Quality limited

	C0
	AFS 5.9
	9.4
	5.7
	Block limited

	C1
	VAMOS AFS 5.9
	19.8
	11.9
	Block limited

	D0
	AHS 5.9
	19.8
	11.9
	Block limited

	D1
	VAMOS AHS 5.9
	36.9
	22.1
	Quality limited


Table 7: MUROS-3A Basic OSC system performance results
	Type
	Description
	Spectral efficiency [Erl./MHz/site]
	HW efficiency

[Erl./TRX]
	Call quality limitation

	A0
	GSM HR
	49.3 60.75
	9.9 12.15
	Quality limited

	A1
	VAMOS GSM HR
	49.3 60.75
	9.9 12.15
	Quality limited

	B0
	AFS 12.2 
	18.5 22.88
	3.7 4.58
	Quality limited

	B1
	VAMOS AFS 12.2
	18.5 22.88
	3.7 4.58
	Quality limited

	C0
	AFS 5.9
	26.8 27.75
	5.4 5.55
	Block limited

	C1
	VAMOS AFS 5.9
	38.5 38.56
	7.7 7.71
	Quality limited

	D0
	AHS 5.9
	40.1 45.00
	8.0 9.00
	Quality limited

	D1
	VAMOS AHS 5.9
	40.1 45.00
	8.0 9.00
	Quality limited


Table 8: MUROS-3B Basic OSC system performance results
	Type
	Description
	Spectral efficiency [Erl./MHz/site]
	HW efficiency

[Erl./TRX]
	Call quality limitation

	A0
	GSM HR
	39.1 52.63
	7.8 10.53
	Quality limited

	A1
	VAMOS GSM HR
	39.1 52.63
	7.8 10.53
	Quality limited

	B0
	AFS 12.2
	15.5 19.63
	3.1 3.93
	Quality limited

	B1
	VAMOS AFS 12.2
	15.5 19.63
	3.1 3.93
	Quality limited

	C0
	AFS 5.9
	26.8 27.38
	5.4 5.48
	Block limited

	C1
	VAMOS AFS 5.9
	32.9 35.78
	6.6 7.16
	Quality limited

	D0
	AHS 5.9
	32.3 41.45
	6.5 8.29
	Quality limited

	D1
	VAMOS AHS 5.9
	32.3 41.45
	6.5 8.29
	Quality limited
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