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1 Introduction
This contribution presents updated simulation results showing system capacity for the co-TCH MUROS proposal as specified in [1]. This contribution covers results for all network configurations, antenna patterns and speech codecs as defined in [2] for 100% MUROS mobile penetration. For cases of MUROS mobile penetration less than 100%, simulation results are only shown for MUROS-2 configuration with half rate channels and with 65o antenna pattern. This is the only change from the previously submitted version.
2 System Setup and Configurations
The performance of a DARP Phase 1 receiver [1] is evaluated via system simulations for the various configurations and working assumptions defined in the TR [2]. The system simulator provides snapshot system performance using a 19 site, 3 cells/site wraparound layout. The simulator completely models both fast and slow fading between each receiver and transmitter. However the simulator does not model mobility and handoff. The simulation results should be interpreted as average snapshot system performance for that particular configuration.

The system parameters of interest are reproduced below in Table 1. A short description of channel allocation is provided in Appendix 7.1, power control algorithm is provided in Appendix 7.2 while the link to system mapping is discussed in Appendix 7.3.
	

Parameter
	MUROS-1
	MUROS-2
	MUROS-3A
	MUROS-3B

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

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

	Frequency Hopping
	Synthesized
	Baseband 
	Synthesized
	Synthesized

	Length of MA (# FH frequencies)
	9
	5
	4
	12

	Fast fading types
	TU 50 / TU 3
	TU 50 / TU 3
	TU 50 / TU 3
	TU 50 / TU 3


Table 1 Different network configurations for MUROS system simulations
2.1 Enabled features for system simulations
The system simulation was run with the following features included:
	Feature
	Description

	Modulation
	GMSK (single user), 2-GMSK (MUROS mode)

	Audio Codecs
	GSM HR, AFS 12.2, AFS 5.9 and AHS 5.9

	Frequency Hopping
	Randomized (for both Synthesized and Baseband hopping modes)

	DTX
	60% voice activity period

	Antenna pattern
	Both 65o and 90o 3dB antenna bandwidth as agreed in GERAN Telco#5

	Transmission on BCCH ARFCN
	BCCH Frequency is used only for transmission to users with low RXQUAL on TCH;
MUROS is not enabled on BCCH 

	Power Control
	Sub-channel specific power adjustment.

	MS Receiver Type
	For y% penetration of MUROS case, 

y%          : DARP Phase 1, MUROS aware

0.7 (100-y)%: DARP Phase 1 (not MUROS aware)

0.3 (100-y)%: non-DARP Phase 1


Table 2 Common configuration parameters for all MUROS modes
For the different scenarios, the system was simulated to determine the maximum number of supportable channels per sector satisfying the FER criterion specified in TR [2]. The voice call arrival process as specified in [2] is separately accounted for to determine the Erlang capacity. In case of 100% penetration, there is only a single queue of users and the relation between maximum number of supportable channels and Erlang capacity is given by the following equation:
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is the Erlang capacity, 
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 is the number of voice channels that can be supported without violating FER constraints (obtained through simulation), and
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. In case of less than 100% penetration, there are two queues of users and the arrival process is separately simulated to determine the Erlang capacity based on maximum number of supportable users determined using system simulations.

This approach is relatively simple and has merits over modeling the arrival and departure process in system simulations which are already computationally and memory intensive. Since the mean voice call service time is 90 seconds, simulations would need to be run for extremely long durations to reliably model the statistical arrival/departure processes and to average out the short-term statistical variations. Otherwise the results can be greatly affected by simulation noise.
2.2 Simulated Channel Mode Adaptations
Maximum system capacity was determined for each audio codec in both single-user and MUROS modes. For the current set of results being presented, dynamic codec/rate adaptation was not considered.

	Channel Mode Adaptation
	Description

	Type A0
	GSM HR for single-user mode

	Type A1
	GSM HR for MUROS mode

	Type B0
	AFS 12.2 for single user mode

	Type B1
	AFS 12.2 for MUROS mode

	Type C0
	AFS 5.9 for single user mode

	Type C1
	AFS 5.9 for MUROS mode

	Type D0
	AHS 5.9 for single user mode

	Type D1
	AHS 5.9 for MUROS mode


Table 3 Channel mode definitions
3 Simulation Results

The criteria for minimum call quality used to determine system capacity is described in the TR [2]. The capacity results are presented separately for TU3 and TU50 channel models and for each antenna pattern. The configurations where MUROS shows capacity gains are highlighted in green.
3.1 MUROS-1 with 100% penetration
3.1.1 TU 50km/hr channel model

	Channel Mode
	Max supportable channels/sector
	Spectral Efficiency

(Erl/MHz/Site)
	Hardware Efficiency

(Erl/#TRX)
	Limiting Factor

	Type A0
	54
	35.52
	10.99
	Blocked calls

	Type A1
	81
	56.24
	17.40
	Call quality (FER > 3%)

	Type B0
	27
	15.56
	4.81
	Blocked calls

	Type B1
	35
	21.33
	6.60
	Call quality (FER > 2%)

	Type C0
	27
	15.56
	4.81
	Blocked calls

	Type C1
	51
	33.25
	10.29
	Blocked calls

	Type D0
	54
	35.52
	10.99
	Blocked calls

	Type D1
	58
	38.59
	11.94
	Call quality (FER > 3%)


Table 4 Simulation results for MUROS-1, TU50 with 65o Antenna
	Channel Mode
	Max supportable channels/sector
	Spectral Efficiency

(Erl/MHz/Site)
	Hardware Efficiency

(Erl/#TRX)
	Limiting Factor

	Type A0
	54
	35.52
	10.99
	Blocked calls

	Type A1
	74
	50.83
	15.73
	Call quality (FER > 3%)

	Type B0
	27
	15.56
	4.81
	Blocked calls

	Type B1
	30
	17.70
	5.47
	Call quality (FER > 2%)

	Type C0
	27
	15.56
	4.81
	Blocked calls

	Type C1
	51
	33.25
	10.29
	Blocked calls

	Type D0
	54
	35.52
	10.99
	Blocked calls

	Type D1
	56
	37.05
	11.46
	Call quality (FER > 3%)


Table 5 Simulation results for MUROS-1, TU50 with 90o Antenna
3.1.2 TU 3km/hr channel model

	Channel Mode
	Max supportable channels/sector
	Spectral Efficiency

(Erl/MHz/Site)
	Hardware Efficiency

(Erl/#TRX)
	Limiting Factor

	Type A0
	54
	35.52
	10.99
	Blocked calls

	Type A1
	65
	43.92
	13.59
	Call quality (FER > 3%)

	Type B0
	23
	12.73
	3.94
	Call quality (FER > 2%)

	Type B1
	23
	12.73
	3.94
	Call quality (FER > 2%)

	Type C0
	27
	15.56
	4.81
	Blocked calls

	Type C1
	40
	25.01
	7.74
	Call quality (FER > 2%)

	Type D0
	46
	29.49
	9.13
	Call quality (FER > 3%)

	Type D1
	46
	29.49
	9.13
	Call quality (FER > 3%)


Table 6 Simulation results for MUROS-1, TU3 with 65o Antenna
	Channel Mode
	Max supportable channels/sector
	Spectral Efficiency

(Erl/MHz/Site)
	Hardware Efficiency

(Erl/#TRX)
	Limiting Factor

	Type A0
	54
	35.52
	10.99
	Blocked calls

	Type A1
	59
	39.35
	12.18
	Call quality (FER > 3%)

	Type B0
	21
	11.31
	3.50
	Call quality (FER > 2%)

	Type B1
	21
	11.31
	3.50
	Call quality (FER > 2%)

	Type C0
	27
	15.56
	4.81
	Blocked calls

	Type C1
	37
	22.83
	7.06
	Call quality (FER > 2%)

	Type D0
	41
	25.78
	7.98
	Call quality (FER > 3%)

	Type D1
	41
	25.78
	7.98
	Call quality (FER > 3%)


Table 7 Simulation results for MUROS-1, TU3 with 90o Antenna
The results for MUROS-1 show 30-100% gains in Erlang capacity in the cases of TU50 with 65o antenna pattern. With TU3 however, it is not possible to increase voice capacity with MUROS in cases where users have less resilient codecs (AFS 12.2 and AHS 5.9). The performance under the 90o antenna pattern is marginally worse than that achieved with 65o antenna pattern.
3.2 MUROS-2 with 100% penetration
3.2.1 TU 50km/hr channel model
	Channel Type
	Max supportable channels/sector
	Spectral Efficiency

(Erl/MHz/Site)
	Hardware Efficiency

(Erl/#TRX)
	Limiting Factor

	Type A0
	86
	22.26
	12.41
	Blocked calls

	Type A1
	166
	45.61
	25.43
	Call quality (FER > 3%)

	Type B0
	43
	10.09
	5.62
	Blocked calls

	Type B1
	83
	21.39
	11.92
	Blocked calls

	Type C0
	43
	10.09
	5.62
	Blocked calls

	Type C1
	83
	21.39
	11.92
	Blocked calls

	Type D0
	86
	22.26
	12.41
	Blocked calls

	Type D1
	166
	45.61
	25.43
	Call quality (FER > 3%)


Table 8 Simulation results for MUROS-2, TU50 with 65o Antenna
	Channel Type
	Max supportable channels/sector
	Spectral Efficiency

(Erl/MHz/Site)
	Hardware Efficiency

(Erl/#TRX)
	Limiting Factor

	Type A0
	86
	22.26
	12.41
	Blocked calls

	Type A1
	166
	45.61
	25.43
	Call quality (FER > 3%)

	Type B0
	43
	10.09
	5.62
	Blocked calls

	Type B1
	83
	21.39
	11.92
	Blocked calls

	Type C0
	43
	10.09
	5.62
	Blocked calls

	Type C1
	83
	21.39
	11.92
	Blocked calls

	Type D0
	86
	22.26
	12.41
	Blocked calls

	Type D1
	166
	45.61
	25.43
	Call quality (FER > 3%)


Table 9 Simulation results for MUROS-2, TU50 with 90o Antenna
3.2.2 TU 3km/hr channel model

	Channel Type
	Max supportable channels/sector
	Spectral Efficiency

(Erl/MHz/Site)
	Hardware Efficiency

(Erl/#TRX)
	Limiting Factor

	Type A0
	86
	22.26
	12.41
	Blocked calls

	Type A1
	166
	45.61
	25.43
	Call quality (FER > 3%)

	Type B0
	43
	10.09
	5.62
	Blocked calls

	Type B1
	70
	17.67
	9.85
	Call quality (FER > 2%)

	Type C0
	43
	10.09
	5.62
	Blocked calls

	Type C1
	83
	21.39
	11.92
	Blocked calls

	Type D0
	86
	22.26
	12.41
	Blocked calls

	Type D1
	166
	45.61
	25.43
	Call quality (FER > 3%)


Table 10 Simulation results for MUROS-2, TU3 with 65o Antenna
	Channel Type
	Max supportable channels/sector
	Spectral Efficiency

(Erl/MHz/Site)
	Hardware Efficiency

(Erl/#TRX)
	Limiting Factor

	Type A0
	86
	22.26
	12.41
	Blocked calls

	Type A1
	166
	45.61
	25.43
	Call quality (FER > 3%)

	Type B0
	43
	10.09
	5.62
	Blocked calls

	Type B1
	69
	17.39
	9.69
	Call quality (FER > 2%)

	Type C0
	43
	10.09
	5.62
	Blocked calls

	Type C1
	83
	21.39
	11.92
	Blocked calls

	Type D0
	86
	22.26
	12.41
	Blocked calls

	Type D1
	166
	45.61
	25.43
	Call quality (FER > 3%)


Table 11 Simulation results for MUROS-2, TU3 with 90o Antenna
In the MUROS-2 configuration with 100% penetration, gains are possible with all codecs and channel types. With TU50, spectral efficiency gains of greater than 100% are possible and the acheivable gains are limited by blocked calls in all cases. With TU3, gains as high as 90% are possible. There is little difference in observed results with different antenna patterns.
3.3 MUROS-3A with 100% penetration
3.3.1 TU 50km/hr channel model

	Channel Type
	Max supportable channels/sector
	Spectral Efficiency

(Erl/MHz/Site)
	Hardware Efficiency

(Erl/#TRX)
	Limiting Factor

	Type A0
	64
	61.62
	13.35
	Blocked calls

	Type A1
	121
	125.02
	27.09
	Call quality (FER > 3%)

	Type B0
	32
	27.35
	5.93
	Blocked calls

	Type B1
	49
	45.35
	9.82
	Call quality (FER > 2%)

	Type C0
	32
	27.35
	5.93
	Blocked calls

	Type C1
	64
	61.62
	13.35
	Blocked calls

	Type D0
	64
	61.62
	13.35
	Blocked calls

	Type D1
	80
	79.21
	17.16
	Call quality (FER > 3%)


Table 12 Simulation results for MUROS-3a, TU50 with 65o Antenna
	Channel Type
	Max supportable channels/sector
	Spectral Efficiency

(Erl/MHz/Site)
	Hardware Efficiency

(Erl/#TRX)
	Limiting Factor

	Type A0
	64
	61.62
	13.35
	Blocked calls

	Type A1
	114
	117.17
	25.39
	Call quality (FER > 3%)

	Type B0
	32
	27.35
	5.93
	Blocked calls

	Type B1
	48
	44.25
	9.59
	Call quality (FER > 2%)

	Type C0
	32
	27.35
	5.93
	Blocked calls

	Type C1
	64
	61.62
	13.35
	Blocked calls

	Type D0
	64
	61.62
	13.35
	Blocked calls

	Type D1
	72
	70.38
	15.25
	Call quality (FER > 3%)


Table 13 Simulation results for MUROS-3a, TU50 with 90o Antenna
3.3.2 TU 3km/hr channel model

	Channel Type
	Max supportable channels/sector
	Spectral Efficiency

(Erl/MHz/Site)
	Hardware Efficiency

(Erl/#TRX)
	Limiting Factor

	Type A0
	64
	61.62
	13.35
	Blocked calls

	Type A1
	76
	74.83
	16.21
	Call quality (FER > 3%)

	Type B0
	23
	18.17
	3.94
	Call quality (FER > 2%)

	Type B1
	23
	18.17
	3.94
	Call quality (FER > 2%)

	Type C0
	32
	27.35
	5.93
	Blocked calls

	Type C1
	50
	46.44
	10.06
	Call quality (FER > 2%)

	Type D0
	46
	42.12
	9.13
	Call quality (FER > 3%)

	Type D1
	46
	42.12
	9.13
	Call quality (FER > 3%)


Table 14 Simulation results for MUROS-3a, TU3 with 65o Antenna
	Channel Type
	Max supportable channels/sector
	Spectral Efficiency

(Erl/MHz/Site)
	Hardware Efficiency

(Erl/#TRX)
	Limiting Factor

	Type A0
	64
	61.62
	13.35
	Blocked calls

	Type A1
	68
	66.00
	14.30
	Call quality (FER > 3%)

	Type B0
	22
	17.13
	3.71
	Call quality (FER > 2%)

	Type B1
	22
	17.13
	3.71
	Call quality (FER > 2%)

	Type C0
	32
	27.35
	5.93
	Blocked calls

	Type C1
	48
	44.25
	9.59
	Call quality (FER > 2%)

	Type D0
	40
	35.71
	7.74
	Call quality (FER > 3%)

	Type D1
	40
	35.71
	7.74
	Call quality (FER > 3%)


Table 15 Simulation results for MUROS-3a, TU3 with 90o Antenna
In MUROS-3a, 60-125% capacity gains are acheivable with MUROS for all codecs and channel types with TU 50 channel model. With TU3 capacity gains are observed only in the cases of GSM HR and AFS 5.9. Also worth noting is that MUROS-3a shows the highest acheivable spectral efficiency values among all simulated deployment scenarios. This explains why there are cases where all TRX can not be maximally utilized even without MUROS. There are slight differences in performance between 65o and 90o antenna patterns, though the differences are marginal. 
3.4 MUROS-3B with 100% penetration
3.4.1 TU 50km/hr channel model

	Channel Type
	Max supportable channels/sector
	Spectral Efficiency

(Erl/MHz/Site)
	Hardware Efficiency

(Erl/#TRX)
	Limiting Factor

	Type A0
	64
	61.62
	13.35
	Blocked calls

	Type A1
	90
	90.35
	19.58
	Call quality (FER > 3%)

	Type B0
	32
	27.35
	5.93
	Blocked calls

	Type B1
	37
	32.60
	7.06
	Call quality (FER > 2%)

	Type C0
	32
	27.35
	5.93
	Blocked calls

	Type C1
	64
	61.62
	13.35
	Blocked calls

	Type D0
	64
	61.62
	13.35
	Blocked calls

	Type D1
	65
	62.71
	13.59
	Call quality (FER > 3%)


Table 16 Simulation results for MUROS-3b, TU50 with 65o Antenna
	Channel Type
	Max supportable channels/sector
	Spectral Efficiency

(Erl/MHz/Site)
	Hardware Efficiency

(Erl/#TRX)
	Limiting Factor

	Type A0
	64
	61.62
	13.35
	Blocked calls

	Type A1
	83
	82.56
	17.89
	Call quality (FER > 3%)

	Type B0
	32
	27.35
	5.93
	Blocked calls

	Type B1
	34
	29.42
	6.37
	Call quality (FER > 2%)

	Type C0
	32
	27.35
	5.93
	Blocked calls

	Type C1
	64
	61.62
	13.35
	Blocked calls

	Type D0
	60
	57.23
	12.40
	Call quality (FER > 3%)

	Type D1
	60
	57.23
	12.40
	Call quality (FER > 3%)


Table 17 Simulation results for MUROS-3b, TU50 with 90o Antenna
3.4.2 TU 3km/hr channel model
	Channel Type
	Max supportable channels/sector
	Spectral Efficiency

(Erl/MHz/Site)
	Hardware Efficiency

(Erl/#TRX)
	Limiting Factor

	Type A0
	63
	60.52
	13.11
	Call quality (FER > 3%)

	Type A1
	63
	60.52
	13.11
	Call quality (FER > 3%)

	Type B0
	19
	14.19
	3.07
	Call quality (FER > 2%)

	Type B1
	19
	14.19
	3.07
	Call quality (FER > 2%)

	Type C0
	32
	27.35
	5.93
	Blocked calls

	Type C1
	43
	44.25
	8.44
	Call quality (FER > 2%)

	Type D0
	36
	31.50
	6.83
	Call quality (FER > 3%)

	Type D1
	36
	31.50
	6.83
	Call quality (FER > 3%)


Table 18 Simulation results for MUROS-3b, TU3 with 65o Antenna
	Channel Type
	Max supportable channels/sector
	Spectral Efficiency

(Erl/MHz/Site)
	Hardware Efficiency

(Erl/#TRX)
	Limiting Factor

	Type A0
	55
	51.81
	11.23
	Call quality (FER > 3%)

	Type A1
	55
	51.81
	11.23
	Call quality (FER > 3%)

	Type B0
	16
	11.31
	2.45
	Call quality (FER > 2%)

	Type B1
	16
	11.31
	2.45
	Call quality (FER > 2%)

	Type C0
	32
	27.35
	5.93
	Blocked calls

	Type C1
	37
	32.60
	7.06
	Call quality (FER > 2%)

	Type D0
	33
	28.38
	6.15
	Call quality (FER > 3%)

	Type D1
	33
	28.38
	6.15
	Call quality (FER > 3%)


Table 19 Simulation results for MUROS-3b, TU3 with 90o Antenna
With MUROS-3b, modest gains are observed with three of the four codec cases under the TU50 channel model (19 – 125%). With TU3 channel model, however, the capacity gains are seen only in the case of AFS 5.9, depending on the antenna pattern under consideration. The antenna pattern significantly affects performance in MUROS-3b and call quality limitations are observed with lesser numbers of users than in the corresponding cases of MUROS-3a.
3.5 MUROS-2 with less than 100% penetration

In this setup we only consider the 65o antenna pattern with the half rate codecs (GSM HR and AHS 5.9).
3.5.1 TU 3km/hr channel model

	Channel Type
	Penetration
(0/70/30)

(Erl/MHz/Site)
	Penetration
(25/52.5/22.5) (Erl/MHz/Site)
	 Penetration
(50/35/15) (Erl/MHz/Site)
	Penetration
(75/17.5/22.5) (Erl/MHz/Site)

	Type A0
	21.38

(Blocking)
	21.38
(Blocking)
	21.38
(Blocking)
	21.38
(Blocking)

	Type A1
	21.38

(Blocking)
	30.50
(Blocking)
	38.27
(Blocking)
	41.26
(Blocking)

	Type D0
	21.38

(Blocking)
	21.38
(Blocking)
	21.38
(Blocking)
	21.38
(Blocking)

	Type D1
	21.38

(Blocking)
	30.50
(Blocking)
	37.0
(Call Quality)
	41.26
(Blocking)


Table 20 Simulation results for MUROS-2, TU3 with 65o Antenna: The penetration levels are related to MUROS/DARP/non-DARP receiver type
We see gains in all penetration cases with MUROS because DARP receiver types can be paired with MUROS mobiles without loss of performance. Though the channel allocation algorithm avoids pairing of MUROS mobiles with non-DARP mobiles, the random arrival sometimes lead to large number of non-DARP mobiles. In certain scenarios, the channel allocation algorithm even pairs MUROS mobiles with non-DARP mobiles (Appendix 7.2) with good received signal strength.
4 Summary

The percentage increases in voice capacity for the different MUROS configurations with different codecs are summarised in the following Tables.
	Channel Type
	MUROS-1
	MUROS-2
	MUROS-3a
	MUROS-3b

	Type A
	58.4%
	104.9%
	102.9%
	46.6%

	Type B
	37.1%
	112%
	65.8%
	19.2%

	Type C
	113.7%
	112%
	125.3%
	125.3%

	Type D
	8.6%
	104.9%
	28.6%
	1.8%


Table 21 Summary results with 100% penetration for TU50 with 65o Antenna
	Channel Type
	MUROS-1
	MUROS-2
	MUROS-3a
	MUROS-3b

	Type A
	43.1%
	104.9%
	90.2%
	34.0%

	Type B
	13.7%
	112%
	61.8%
	7.6%

	Type C
	113.7%
	112%
	125.3%
	125.3%

	Type D
	4.3%
	104.9%
	14.2%
	0%


Table 22 Summary results with 100% penetration for TU50 with 90o Antenna
	Channel type
	MUROS-1
	MUROS-2
	MUROS-3a
	MUROS-3b

	Type A
	23.7%
	104.9%
	21.4%
	0%

	Type B
	0%
	75.1%
	0%
	0%

	Type C
	60.8%
	112%
	69.8%
	42.4%

	Type D
	0%
	104.9%
	0%
	0%


Table 23 Summary results with 100% penetration for TU3 with 65o Antenna
	Channel type
	MUROS-1
	MUROS-2
	MUROS-3a
	MUROS-3b

	Type A
	10.8%
	104.9%
	7.1%
	0%

	Type B
	0%
	72.3%
	0%
	0%

	Type C
	46.7%
	112%
	61.8%
	19.2%

	Type D
	0%
	104.9%
	0%
	0%


Table 24 Summary results with 100% penetration for TU3 with 90o Antenna

	Channel type
	25%

Penetration
(25/52.5/22.5)  
	50% 

Penetration
 (50/35/15)
	75% 

Penetration
 (75/17.5/22.5)

	Type A
	42.6%
	79%
	93.0%

	Type D
	42.6%
	67%
	93.0%


Table 25 Summary results with less than 100% penetration: MUROS-2, TU3 with 65o Antenna: The penetration levels are related to MUROS/DARP/non-DARP receiver type
In calculation of percentage gains in Table 25, the reference receiver ratio is always 0/70/30, though we don’t expect the legacy performance to change with any mix ratio in MUROS-2 deployment scenario, and so the percentage gains will remain same.
5 Discussion
This contribution evaluates system capacity enhancements based on our DARP-based MUROS proposal [1]. Generally, the results for TU-50 channel performance exceed TU-3 performance results for each MUROS configuration and channel mode pair. Significant gains with MUROS are observed in almost all deployment scenarios with TU-50. By comparison, the TU-3 channel lacks short-term time diversity and many users struggle to meet the minimum FER criteria in cases with tight reuse.

We do observe significant MUROS gains even in TU-3 in deployment scenarios which are not inherently interference limited, notably in the low-reuse MUROS-2 configuration. More modest gains are observed in tighter network-planned frequency reuse scenarios such as MUROS-3a, when paired with the AFS 5.9 codec, and to a lesser extent with the GSM HR codec.
MUROS-1 and MUROS-3b are reuse 1:1 deployments, and the system becomes interference limited, especially when less robust codecs (such as AFS 12.2, AHS 5.9) are assigned across all users in the cell. The interference limitations of 1:1 frequency reuse patterns are most acutely seen in the MUROS-3b configurations (which also lack BCCH scheduling). In MUROS-3b, as with MUROS-1, frequency hopping results in interference averaging. However, the antenna patterns used in all configurations do not provide adequate inter-cell interference suppression (maximum of 20 dB from the neighboring cells of same site). The 90o antenna pattern provides worse performance than 65o antenna pattern due to increased inter-cell interference. The DARP receiver provides some interference cancellation but its gains become limited when multiple high interference components are present.
In contrast, the network frequency planning (1:3 reuse) of MUROS-3a provides a measure of intra-site interference avoidance from neighbor cells that the similar MUROS-3b configuration lacks. As a result, for equivalent levels of traffic loading, users across the system suffer significantly in the 1:1 reuse scenarios of MUROS-3b. 
We also see that MUROS provides observable benefits when co-existing in deployments with older legacy handsets. For differing levels of MUROS penetration, our results show the general determining factor for system capacity gains remains the channel blocking. The MUROS gains are significant even at lower levels of penetration, with the biggest marginal capacity increase seen between 25% and 50% levels of penetration.
6 Conclusion
The co-TCH based MUROS proposal [1] provides significant gains in many deployment scenarios. In many cases, especially under the TU-50 channel model, both spectral and hardware efficiency are almost doubled. In most cases with AFS 12.2 and AHS 5.9 codecs under the TU-3 channel model, the system is already severely interference limited, and we do not envisage that the majority of MUROS configurations will provide significant spectral efficiency gains. However, the MUROS-2 configuration shows signifcant headroom for acheivable MUROS gains in essentially all scenarios, and the results are promising even for different levels of penetration less than 100%.
Our co-TCH proposal emphasizes simplicity of implementation while providing acheivable capacity benefits. Only marginal changes are made to the receiver and channel allocation algorithms to enable MUROS and almost no changes are needed in power control.
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8 Appendix

8.1 Channel Allocation

In non-MUROS mode, a user in the system is assigned channel frequency on MA list of the serving cell based on its average received signal strength on TCH. If the BCCH frequency is available (in MUROS-1 and MUROS-2 configuration), the user with lowest received signal strength on TCH is allocated a BCCH frequency. Since BCCH has a lower reuse, it is assumed that better signal strength can be achieved on BCCH frequency. Such a switch can be achieved even with call arrival and mobility via intra-cell handoff. No co-ordination is assumed across the cells of the same or different sites. The frequency hopping is assumed to average out the interference from the neighbouring cells.
In MUROS mode, the channel assignment is a simple adaptation of the algorithm used for non-MUROS mode. The user with lowest received signal strength is assigned an available BCCH frequency. No MUROS pairing is allowed on BCCH and is used as a safeguard channel for users with low signal strength to maintain call connection. However, if the number of calls being served is more than the number of TRX, the users with highest received signal strengths are paired into MUROS mode. No more than two users are multiplexed on the same frequency and timeslot or sub-channel. As before, it is assumed that such a switch could be achieved via intra-cell handover or assignment procedures.
In scenarios where both legacy and non-legacy users are present (less than 100% penetration case), few more changes are made for channel assignment. Each channel can be considered to be composed of old_TSC subchannel and new_TSC subchannel. Legacy users (both non-DARP and DARP capable) are assigned only old_TSC subchannels. MUROS capable users, on the other hand, are first assigned new_TSC subchannel even if old_TSC subchannel within the same channel is available. This ensures that switch-over is decreased when a new legacy user arrives. Users are not placed in MUROS mode till the number of users in the cell exceeds the total number of channels. The users with high received signal strength are then paired while avoiding the pairing of non-DARP capable users with MUROS users.
Due to random nature of arriving users, in certain scenarios, legacy non-DARP users may need to be paired with MUROS capable users. To reduce this occurrence, no MUROS is done on some channels.
8.2 Power Control
The power control in both MUROS and non-MUROS case is mobile initiated and based on received signal quality. The mobile sends measurement report solely based on the RxQual on its own voice channel and no special change to the measurement reporting is used for MUROS case. On the base station side, the total power transmitted is capped to 35dBm. The power level of downlink signal is increased by 2, 4 or 6 dB steps depending on measurement report. The base station allocates higher transmitted power based on received measurement report as long as the sum total transmitted power does not violate the maximum power constraint of 35 dBm per ARFCN.
8.3 Link to System Mapping
We follow a two step approach for link to system mapping and the approach is very similar to the one described in [5]. The two step approach corresponds to 1) A map from pre-cancellation SINR to post-cancellation SNR based on coloured component of the interference, and 2) A (non-linear) constrained-capacity averaging of post cancellation SNR determines the voice frame SNR that is used to determine voice frame error rate based on AWGN link performance.
For the purpose of illustration, we define the first step of our approach (with single receive antenna) applicable specifically to co-TCH proposal. Let us define the following quantities:

No     : Thermal Noise + sum of non-dominant interferers
ACI[0]  : Dominant left adjacent channel interference x ACP

ACI[1]  : Dominant right adjacent channel interference x ACP

CCI    : Dominant co-channel interference

S1     : Received power corresponding to the user of interest

S2     : Received power of the other MUROS user

ACP is the adjacent channel protection. It is the amount of adjacent channel interference that the receiver filter suppresses. A typical value of -18 dB is used in our simulation. Based on the above, we can define the following:

Total interference I_tot     = No + ACI[0] + ACI[1] + CCI + S2;

               SINR    = S1/I_tot.

To reduce the number of parameters involved in modeling of colored interference, we define the notion of dominant to total interference ratio (DIR):

               DIR     = max (ACI[0], ACI[1], CCI, S2)/I_tot.

Our first step approach would be to find pre-cancellation SINR to post-cancellation SNR map for different values of DIR/SINR. Note that when a MUROS user is the dominant interferer, then DIR/SINR = S2/S1. This simplification is applicable only to co-TCH proposal [1] when the DARP receiver does not distinguish between interference on the co-channel from the rest. Any improvements that results with modified receiver are still under investigation and the current results do not consider modification to the DARP receiver.

Let us now define the map 
               f: pre-cancellation SINR ( post-cancellation SNR.

For this we consider the BER vs pre-cancellation SINR curves obtained using link-level simulator corresponding to different DIR/SINR values. Let this map be called BER(SINR, DIR/SINR). BER on these curves correspond to the average raw bit error rate after cancellation at given SINR and DIR. Static (no-fading) simulations are used to obtain these curves. Let 
               BER0(SINR) = BER(SINR, 0). 
Then the required map is defined as: 
            (SINR_pre-cancel, DIR/SINR) = BER0-1( BER (SINR, DIR/SINR) ).          (1)
The second step of our two-step approach is conventional FER to SNR map where the noise is effectively white noise. However, the complexity is introduced by the fact that the variance of this noise may change in system-simulator depending on the interference change and cancellation error. A common approach among simulations results submitted in 3GPP, for example in [6], has been to average the post-cancellation SNR in capacity domain where capacity is modulation constrained Shannon capacity C(SNR). Such an average SNR is called effective SNR. Our initial verification suggests that FER vs Effective SNR curves for TU channel models are very close to non-fading AWGN curves, thereby validating the approach.
8.4 Effective bandwidth with BCCH
In the case of MUROS-1 and MUROS-2 configurations only 3 timeslots are available for voice on the BCCH carrier. This will reduce the achieved Erlang capacity in MUROS-1 and MUROS-2 configurations. However the spectral efficiency is calculated based on modified effective bandwidth [3]. The effective bandwidth is given by
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