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Working Assumptions for MUROS
1. Introduction

This contribution deals with some open issues related to the simulation parameters for MUROS system level evaluation after agreement of the BTS antenna type and the path loss model at MUROS telco#4.

In particular the aspects of BTS antenna type, modelling of channel mode adaptation and the determination of the EFL for network configurations with mixed frequency reuse are treated. 
2. BTS ANTENNA TYPE 
At MUROS telco#4, the antenna pattern for BTS in UMTS 30.03 [1] was agreed to be used for system evaluation. 

During former SAIC Feasibility Study [2] an additional antenna pattern consisting of a 65° 3dB horizontal beamwidth has been also employed. This antenna pattern was again used for the investigation of MUROS-1. Both antenna patterns are depicted in Fig. 1 below. 
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Figure 1: Horizontal antenna patterns proposed in [1] and in Annex.
According to our knowledge the 65° beam is used in 80% of the BTS sites or even more in existing GSM/EDGE networks today. Hence it is interesting to evaluate the performance of MUROS for this antenna type. The main antenna gain for both antenna types is depicted in Table 2.
	Main Transmitter Antenna gain

	65° beam 
	18 dBi

	90° beam
	13 dBi


Table 2: Maximum transmitter antenna gain for both antenna patterns.

The comparison of system performance for both antenna patterns was undertaken for scenario MUROS-1 applying the OSC concept in downlink. The channel mode configurations and receiver type distributions are summarized in Table 3.
	Simulation label
	Channel rates/Antenna
	Receiver type distribution

	C0_SAIC_90
	AFS 5.9 (Reference case) antenna beam 90°
	100% DARP

	C1_90
	MUROS (AFR 5.9)

antenna beam 90°
	100% DARP

	C0_SAIC_65
	AFS 5.9 (Reference case)

antenna beam 65°
	100% DARP

	C1_65
	MUROS (AFR 5.9) 

antenna beam 65°
	100% DARP


Table 3: Compared channel modes and receiver types.
Note, for simplification reasons all C1 configurations did not make use of channel mode adaptation. Instead pure MUROS channel mode was used throughout the simulation. Simulation results confirm in Figure 2 that there is no impact on hard blocking performance neither for C0 nor for C1. 
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Figure 2: Hard blocking performance for MUROS-1 and investigated channel configurations. 
Related to soft blocking performance, OSC considerably benefits from the usage of a narrower antenna beam.This is depicted both in Table 4 and in Figure 3. 

Whilst C0 is limited by hard blocking for both antennas patterns, C1 is soft blocking limited and yields a gain of 14% gain for change of the 3dB horizontal antenna beamwidth from 90° to 65°.
	Channel Mode
	EFL limit
	Limiting Factor

	C0_SAIC_90
	13.08% 
	Blocked Call

	C1_90 
	20.50% 
	Bad Quality Call

 (FER threshold = 2%)

	C0_SAIC_65
	13.31% 
	Blocked Call

	C1_65
	23.41%
	Bad Quality Call 

(FER threshold = 2%)


Table 4: System Perfomance for investigated channel configurations.
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Figure 3: Soft blocking performance for MUROS-1 and investigated channel configurations. 
In this performance evaluation for MUROS-1 OSC could benefit from the usage of the narrower 65° antenna pattern. The gains are summarized in Table 5. 

	Channel Mode
	OSC performance gain

	Gain C1_90 over C0_SAIC_90
	56.7 % 

	Gain C1_65 over C0_SAIC_65
	75.9 % 

	Gain (65° over 90° antenna)
	19.2 % 


Table 5: OSC performance gain for investigated channel modes and BTS antenna patterns of 90° and 65°.
Due to the above given reasons and the shown benefits for network configuration  MUROS-1 when applying a narrower antenna beam, it is recommended to change the default BTS antenna type from 90° to 65° and to use this type during the MUROS feasibility study. The raw antenna pattern is specified in terms of maxmum gain (18 dBi) and relative loss to main direction with a resolution of 1 degree in the Annex.  
3. MODELLING the IMPACT ON TCH FER due to INTRACELL HANDOVER
The modelling of the impact on traffic channel FER in downlink due to intracell handover caused by MUROS channel mode adaptation was discussed at MUROS telco#3 and telco#4. The following section is an update to the one of our contribution to MUROS telco#4 [3] including comments received at MUROS telco#4 [4] and at telco#5. Although for illustration purposes a handover command is shown as taking 2 FACCH frames in the figures below, it is likely that an intracell handover using the same AMR codec set and well coded frequency parameters would typically fit in 1 FACCH frame. 
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Figure 4: FACCH stealing for Full rate speech
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Figure 5: FACCH stealing for half rate speech

It can be seen that if the FACCH is transmitted using GMSK, then the paired user would loose half the bits from 2 additional speech frames. Instead, if soft stealing is used by using QPSK (or a rectangular constellation depending on the radio conditions as shown depicted in [5]), then the paired user is not at all impacted.
3.1 Impact due to HO command or channel modify command
First impact to be considered is the delivery of the intracell HO command or channel modify command. As shown in Figure 4, 2 FACCH frames would steal 2 speech frames in case of full rate. Consequently the user being handovered loses 2 speech blocks in case of a FR channel. In case of half rate as shown in Figure 5, the user being handovered looses a total of 4 speech frames. If the old channel is in MUROS mode and in case of paired subchannel stealing, i.e. the FACCH for one user is transmitted using a GMSK modulated block and hence the paired subchannel is not served, the paired subchannel will experience a loss of 2 full speech frames and half of the bits from another two speech frames for FR case and 4 full speech frames and another half of the bits from a further 2 speech frames for HR case, if the paired subchannel is active during this time. 

3.2 Impact due to channel switching

The second impact to be considered is the delay due to channel switching. In case of a intracell handover the handover gap is around 100 ms (5 speech frames), for channel modify command, i.e. the same channel is maintained, the delay, here also called handover gap, can be shorter, i.e. around 60 ms (3 speech frames). Hence the handover gap is assumed to range between 60 ms and 100 ms, yielding a loss for HO_gap of 3 to 5 speech frames for the user to be handovered.

3.3 Impact due to HO termination

The third impact to be considered is the downlink signalling due to HO termination. This consists of a UA message sent to the MS after the MS has responded with the HO achnowledgement on the new channel. In case of channel modify command the MS acknowleges the command but no additional signalling is required on downlink. Hence this impact is only limited to the intracell HO procedure. The sending of the UA message in downlink requires 1 FACCH block and hence steals 1 speech frame in case of a full rate channel and on 2 speech frames in case of a half rate channel. If the new channel is in MUROS mode and in case of paired subchannel stealing, the paired subchannel will also experience a loss of 1 fullspeech frame and half the bits from 2 further speech frames for FR case and 2 full speech frames and half the bits from 2 further speech frames for HR case, if the paired subchannel is active during this time. 

3.4 Modelling Impact 

The model describing the impact on TCH FER in downlink due to intracell handover procedure or channel modify procedure caused by MUROS channel mode adaptation can hence be summarized as specified in Table 6 below.
	MUROS channel mode adaptation type
	Loss of speech frames for paired user on old channel 
	Loss of TCH frames for user being handovered
	Loss of TCH frames for paired user on new channel 

	MUROS FR type -> 

non-MUROS FR type 
	2 full + 2 half (*)
	2+HO_gap+1 (**) 

	0



	MUROS HR type -> 

non MUROS HR type 
	4 full + 2 half (*)
	4+HO_gap+2 (***)

	0



	non-MUROS FR type -> MUROS FR type 
	N.A
	2+HO_gap+1 (**)

	1 (****)

	non-MUROS HR type -> MUROS HR type 
	N.A
	4+HO_gap+2 (***)

	2 (****)

	MUROS FR type -> MUROS FR type 
	2 full + 2 half (*)
	2+HO_gap+1 (**)

	1 (****)

	MUROS HR type -> MUROS HR type 
	4 full + 2 half (*)
	4+HO_gap+2 (***)

	2 (****)

	non-MUROS FR type -> 

non-MUROS FR type 
	N.A
	2+HO_gap+1 (**)

	0



	non-MUROS HR type -> 

non MUROS HR type 
	N.A
	4+HO_gap+2 (***)

	0



	(*) in case of paired subchannel stealing for transmission of downlink FACCH and the paired subchannel being active and FACCH using GMSK. Else no impact on paired subchannel.
(**) in case of intracell HO procedure. For channel modify procedure 1 speech frame less.
(***) in case of intracell HO procedure. For channel modify procedure 2 speech frames less.
(****)  in case of paired subchannel stealing for transmission of downlink FACCH and the paired subchannel being active  and for intracell HO procedure and FACCH using GMSK. Else no impact on paired subchannel.


Table 6: Modelling impact on TCH FER for different MUROS channel mode adaptation types.
4. DEFInition of EFFECTIVE FREQUENCY LOAD for MIXED FREQUENCY REUSE
Since both hard blocking and soft blocking performance of MUROS is evaluated in terms of EFL, a unique definition of EFL should be used throughout the vendors for performance comparison. This is needed in particular for network configurations like MUROS-1 and MUROS-2 including TCH channels for MUROS on BCCH and hence employing a mixed frequency reuse based on TCH layer and BCCH layer. This section proposes a unique definition for EFL in case of mixed frequency reuse, given in equation 1 below.
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with A being the supported traffic in Erl as determined by the simulation, NFreq the number of total frequencies composed of the TCH layer and the BCCH layer and av(NTS_per_TRX) the average number of available full rate channels or time slots per TRX derived from the total available timeslots for MUROS usage in both layers and the total number of TRX. 

An examplary determination of EFL is given hereafter.

Let us assume the network configuration MUROS-1 with 1 BCCH carrier and 3 TCH carriers. In this configuration the TCH layer uses a frequency reuse 1/1 with 9 frequencies equivalent to the length of the Mobile Allocation, whilst the BCCH layer utilizes 12 frequencies based on frequency reuse 4/12. Further assume both cases

a) legacy full rate channel mode (e.g. C0) and
b) MUROS full rate channel mode (e.g. C1).
For both cases the average number of timeslots per TRX is given by
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and the total number of frequencies is NFreq=12+9=21.

This yields for both cases  
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with Aa being the simulated supported number of simultaneous connections for case a) and Ab the corresponent one for case b) for evaluation against the hard blocking limit of 2% or against the soft blocking limit (average FER for MUROS FR ( 2%, for MUROS HR ( 3%). 
5. CONCLUSIONS
It is proposed to take into account and agree on the above proposals for further proceeding in the MUROS study item. 
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Annex: BTS-Antenna Types

Second column: UMTS 30.03, 90°H-Plane
Third column: ETR 04.02, Annex 2, section 1.5, figure 1.5.1, 65°H-Plane
	Degree from main direction of antenna
	Horizontal loss in dB from main transmitter antenna gain
	Horizontal loss in dB from main transmitter antenna gain

	max gain@0°
	13
	18

	0
	0
	0.00

	1
	0
	0.02

	2
	0
	0.03

	3
	0
	0.03

	4
	0.1
	0.05

	5
	0.1
	0.05

	6
	0.1
	0.08

	7
	0.1
	0.11

	8
	0.1
	0.17

	9
	0.2
	0.21

	10
	0.2
	0.27

	11
	0.2
	0.34

	12
	0.3
	0.39

	13
	0.3
	0.47

	14
	0.4
	0.54

	15
	0.4
	0.61

	16
	0.4
	0.71

	17
	0.5
	0.81

	18
	0.5
	0.89

	19
	0.6
	0.99

	20
	0.7
	1.11

	21
	0.8
	1.23

	22
	0.9
	1.35

	23
	1
	1.50

	24
	1.1
	1.63

	25
	1.2
	1.79

	26
	1.3
	1.92

	27
	1.4
	2.07

	28
	1.5
	2.24

	29
	1.6
	2.40

	30
	1.7
	2.55

	31
	1.8
	2.73

	32
	1.9
	2.92

	33
	2
	3.10

	34
	2.1
	3.31

	35
	2.1
	3.50

	36
	2.2
	3.71

	37
	2.3
	3.92

	38
	2.4
	4.13

	39
	2.6
	4.37

	40
	2.7
	4.59

	41
	2.8
	4.83

	42
	2.9
	5.06

	43
	3
	5.32

	44
	3.1
	5.56

	45
	3.3
	5.82

	46
	3.4
	6.07

	47
	3.6
	6.34

	48
	3.7
	6.63

	49
	3.8
	6.92

	50
	3.9
	7.20

	51
	4.1
	7.50

	52
	4.2
	7.78

	53
	4.3
	8.07

	54
	4.5
	8.37

	55
	4.6
	8.68

	56
	4.7
	8.97

	57
	4.9
	9.31

	58
	5
	9.63

	59
	5.1
	9.97

	60
	5.3
	10.33

	61
	5.4
	10.65

	62
	5.7
	10.99

	63
	5.8
	11.33

	64
	6
	11.69

	65
	6.2
	12.03

	66
	6.3
	12.37

	67
	6.6
	12.73

	68
	6.7
	13.09

	69
	6.9
	13.46

	70
	7.1
	13.81

	71
	7.3
	14.21

	72
	7.5
	14.55

	73
	7.7
	14.96

	74
	7.9
	15.31

	75
	8.1
	16.00

	76
	8.3
	16.35

	77
	8.5
	16.72

	78
	8.7
	17.06

	79
	8.9
	17.41

	80
	9.1
	17.81

	81
	9.3
	18.17

	82
	9.6
	18.56

	83
	9.7
	18.89

	84
	10
	19.24

	85
	10.2
	19.62

	86
	10.5
	19.95

	87
	10.6
	20.34

	88
	10.9
	20.67

	89
	11.1
	20.97

	90
	11.3
	21.29

	91
	11.5
	21.62

	92
	11.7
	21.91

	93
	12
	22.22

	94
	12.2
	22.54

	95
	12.4
	22.83

	96
	12.7
	23.13

	97
	12.9
	23.43

	98
	13.1
	23.70

	99
	13.3
	23.96

	100
	13.5
	24.27

	101
	13.7
	24.50

	102
	14
	24.74

	103
	14.2
	25.07

	104
	14.4
	25.24

	105
	14.7
	25.39

	106
	14.8
	25.55

	107
	15
	25.76

	108
	15.3
	25.93

	109
	15.5
	26.13

	110
	15.7
	26.30

	111
	16
	26.46

	112
	16.2
	26.60

	113
	16.3
	26.69

	114
	16.6
	26.82

	115
	16.8
	26.94

	116
	17
	27.04

	117
	17.1
	27.11

	118
	17.4
	27.09

	119
	17.6
	27.23

	120
	17.7
	27.34

	121
	17.8
	27.43

	122
	17.9
	27.40

	123
	18
	27.55

	124
	18.2
	27.66

	125
	18.3
	27.57

	126
	18.5
	27.68

	127
	18.5
	27.59

	128
	18.8
	27.78

	129
	18.9
	27.79

	130
	19.1
	27.82

	131
	19.2
	28.00

	132
	19.3
	28.04

	133
	19.4
	28.02

	134
	19.5
	28.19

	135
	19.7
	28.36

	136
	19.8
	28.56

	137
	20
	28.51

	138
	20.2
	28.64

	139
	20.3
	28.76

	140
	20.5
	29.24

	141
	20.7
	29.49

	142
	20.9
	29.77

	143
	21.1
	30.13

	144
	21.3
	30.05

	145
	21.5
	30.25

	146
	21.8
	30.72

	147
	22.1
	31.41

	148
	22.4
	31.44

	149
	22.6
	31.43

	150
	22.9
	32.17

	151
	23.2
	32.52

	152
	23.5
	32.90

	153
	23.7
	33.25

	154
	23.9
	33.73

	155
	24.1
	34.33

	156
	24.2
	34.67

	157
	24.3
	34.76

	158
	24.4
	35.18

	159
	24.3
	35.66

	160
	24.4
	35.80

	161
	23.9
	35.87

	162
	23.9
	35.98

	163
	23.9
	35.45

	164
	23.8
	35.36

	165
	23.8
	35.38

	166
	23.3
	35.59

	167
	23.2
	35.16

	168
	23.1
	34.80

	169
	22.9
	34.60

	170
	22.7
	34.05

	171
	22.4
	33.77

	172
	22.2
	33.84

	173
	22.1
	33.48

	174
	22
	33.59

	175
	21.9
	33.58

	176
	21.8
	33.63

	177
	21.7
	33.97

	178
	21.7
	33.92

	179
	21.9
	33.54

	180
	22.2
	33.63

	181
	22
	33.45

	182
	21.8
	33.22

	183
	21.9
	33.16

	184
	22
	33.11

	185
	22.1
	33.20

	186
	22.2
	33.14

	187
	22.3
	33.26

	188
	22.4
	33.34

	189
	22.5
	33.66

	190
	22.7
	33.24

	191
	22.6
	33.37

	192
	22.5
	33.31

	193
	22.6
	32.92

	194
	22.6
	32.75

	195
	22.6
	33.00

	196
	22.7
	33.08

	197
	22.8
	33.03

	198
	22.9
	32.97

	199
	22.8
	33.10

	200
	22.7
	32.88

	201
	22.6
	32.58

	202
	22.5
	32.33

	203
	22.7
	31.85

	204
	22.9
	31.77

	205
	23
	31.68

	206
	23.3
	31.48

	207
	23.1
	31.12

	208
	22.9
	30.68

	209
	22.7
	30.15

	210
	22.5
	29.76

	211
	22.3
	29.52

	212
	22.2
	29.24

	213
	22.2
	29.03

	214
	22.1
	28.81

	215
	22
	28.66

	216
	21.9
	28.49

	217
	21.8
	28.24

	218
	21.6
	28.02

	219
	21.4
	27.79

	220
	21.2
	27.63

	221
	21
	27.42

	222
	20.8
	27.25

	223
	20.6
	27.05

	224
	20.5
	26.91

	225
	20.3
	26.90

	226
	20
	26.88

	227
	19.9
	26.72

	228
	19.7
	26.69

	229
	19.5
	26.57

	230
	19.4
	26.48

	231
	19.2
	26.45

	232
	19.1
	26.39

	233
	18.9
	26.32

	234
	18.8
	26.25

	235
	18.6
	26.18

	236
	18.5
	26.11

	237
	18.3
	26.04

	238
	18.2
	25.98

	239
	18
	25.93

	240
	17.9
	25.83

	241
	17.8
	25.71

	242
	17.6
	25.70

	243
	17.3
	25.64

	244
	17.1
	25.48

	245
	16.8
	25.45

	246
	16.6
	25.44

	247
	16.4
	25.34

	248
	16.2
	25.21

	249
	15.9
	25.10

	250
	15.8
	24.94

	251
	15.5
	24.79

	252
	15.3
	24.65

	253
	15
	24.42

	254
	14.8
	24.25

	255
	14.6
	24.05

	256
	14.4
	23.89

	257
	14.1
	23.64

	258
	13.9
	23.37

	259
	13.7
	23.15

	260
	13.5
	22.95

	261
	13.2
	22.76

	262
	13
	22.51

	263
	12.7
	22.26

	264
	12.5
	22.07

	265
	12.2
	21.78

	266
	12
	21.53

	267
	11.8
	21.26

	268
	11.6
	20.99

	269
	11.3
	20.68

	270
	11.1
	20.43

	271
	10.8
	20.15

	272
	10.6
	19.86

	273
	10.3
	19.53

	274
	10.2
	19.24

	275
	10
	18.94

	276
	9.7
	18.68

	277
	9.5
	18.38

	278
	9.4
	18.09

	279
	9.1
	17.78

	280
	8.9
	17.48

	281
	8.7
	17.15

	282
	8.5
	16.82

	283
	8.3
	16.13

	284
	8.1
	15.81

	285
	7.8
	15.51

	286
	7.7
	15.19

	287
	7.5
	14.89

	288
	7.2
	14.56

	289
	7.1
	14.24

	290
	6.9
	13.90

	291
	6.6
	13.57

	292
	6.5
	13.21

	293
	6.3
	12.92

	294
	6
	12.58

	295
	5.9
	12.25

	296
	5.7
	11.94

	297
	5.5
	11.58

	298
	5.3
	11.28

	299
	5.1
	10.94

	300
	4.9
	10.63

	301
	4.8
	10.32

	302
	4.6
	9.98

	303
	4.5
	9.71

	304
	4.4
	9.35

	305
	4.2
	9.07

	306
	4.1
	8.77

	307
	3.9
	8.48

	308
	3.8
	8.21

	309
	3.7
	7.89

	310
	3.5
	7.62

	311
	3.4
	7.33

	312
	3.3
	7.05

	313
	3.2
	6.77

	314
	3
	6.50

	315
	2.9
	6.24

	316
	2.8
	5.98

	317
	2.7
	5.72

	318
	2.6
	5.47

	319
	2.5
	5.23

	320
	2.3
	4.99

	321
	2.2
	4.76

	322
	2.1
	4.50

	323
	2
	4.27

	324
	1.9
	4.05

	325
	1.8
	3.84
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