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1 Introduction
In RAN #36 meeting, a new study item “Improved network controlled mobility between LTE and 3GPP2/mobile WiMAX radio technologies” was agreed. The justifications and objectives of this study are listed in [1]. Currently major work is being done in RAN2 [2]. As one of the secondary responsible working groups, RAN4 should also kick off its related work in order to complete this study item in time.

Currently, for LTE inter-frequency measurements, a monitoring gap length equal to 6 ms has been agreed as a working assumption for LTE Inter-frequency monitoring requirement definition. The gap periodicity is assumed to be a multiple of 10 ms. For inter-RAT monitoring gap duration, it was proposed by some companies to use 6 ms gaps for Inter-RAT monitoring purposes. Some other companies would like some more time to further evaluate this area [3].
In this document we give some considerations on the gap design for LTE inter-RAT monitoring on Mobile WiMAX system.

2 Discussion

2.1 Terms, Concept and Assumptions

The terms and concept in Figure 1 which is the same as given in [4] is used in this paper. The intention of this document is to find suitable values for the gap length (Tgap) and the repletion period (Tperiod) for the LTE inter-RAT measurement on Mobile WiMAX system.


[image: image1]
Figure 1: The structure of the measurement gap
It is assumed that the same Tmargin = 0.5 ms as used in [4, 5] would be needed for re-tuning for LTE carrier to WiMAX carrier and WiMAX carrier to LTE carrier. It is also not necessary to use this margin with the same size at the beginning and the end of the gap, but it may be distributed freely between these two places. The gap size was assumed to be a multiple of 1 ms and the repetition period also a multiple of 1 ms.
2.2 Gap design for Mobile WiMAX

In order to design the gap pattern needed to support the mobility between Mobile WiMax and LTE, the following procedures should be taken into account.
· MS detects center frequency (available frequency set is pre-defined in WiMAX system profile)

· MS detects DL preamble

· MS decodes FCH (Frame Control Header)
· MS decodes DL-MAP message (DL-MAP contains full (48 bits) or partial BS ID (16 bits) depending on DL-MAP type)
To illustrate the position of the WiMAX DL  preamble, FCH, and MAP messages, an example of WiMAX OFDMA frame structure and typical parameters for the WiMAX OFDMA frame structure are given in Annex A. Detailed physical layer frame structure can be found in [6][7].

In Figure A.1, we can see that to successfully execute the given measurement procedures for measurement on WiMAX, a head part of frame which contains consecutive preamble, FCH and DL-MAP should be covered by scheduled gaps, since the preamble right before FCH and DL-MAP message should be detected first to decode FCH and DL-MAP message.

In Mobile WiMAX, preamble occupies one OFDM symbol and the number of OFDM symbols for DL-MAP message transmission is 18 at the maximum. In Table A.1 in Annex A, we can see the OFDM symbol duration is 0.10286 ms. So if the time duration of the so called head part is T_read, we can calculate T_read as below:

T_read = 19*0.10286 = 1.95434 ms

To design a gap pattern which could cover a whole head part containing consecutive preamble, FCH and DL-MAP, 2 alternatives could be given:

· Alternative 1:

· Gap length = Frame time duration + T_read +Tmargin = 5ms + 1.95434ms +0.5ms = 7.45434ms -> 8ms 

· Repetition period = multiple of 10 ms
We can easily see from Figure A.1, in any starting position a scheduled 8 ms gap can cover a whole head part containing consecutive preamble, FCH and DL-MAP.

· Alternative 2:

· Gap length = 6ms

· Repetition period not equal to multiple of 5ms e.g. period = (n*10+2) ms

Currently the solution of 6 ms gap length suitable for all the inter-frequency and inter-RAT (GSM, UMTS, etc.) measurements is being studied by RAN4. If the 6 ms gap length could be accepted as an overall solution, then having the same gap length of 6 ms also for WiMAX measurements might be beneficial from simplicity point of view. However, its impact on the performance should be carefully evaluated. 

To get the optimal value of the repetition period of 6 ms gap for Alternative 2, we did a computer-aided analysis scanning all starting times relative to the Mobile WiMAX frame with period from 11 ms to 199 ms. The starting offsets have been scanned with a 10-μs resolution and the times when a head part containing consecutive preamble, FCH and DL-MAP is covered by a 6ms gap have been recorded. The efficiency and delay performance for different repetition period was given in Table B.1 in Annex B. The “average number of subframes used” is the averaged number of LTE sub-frames occupied by the scheduled 6 ms gaps for all the starting offsets. The “average search time” is the averaged time needed for 6 ms scheduled gaps to cover a head part containing consecutive preamble, FCH and DL-MAP for all the start offsets. The “maximum search time” is the maximum value of the search time. It should be noted that in Table B.1 the period is sorted in ascending order of average search time.

In Table B.1, we can see that the average used LTE sub-frames for all the period are about 7 or 8 sub-frames, so the disturb to LTE data transmission of Alternative 2 is very similar as that of Alternative 1.

Furthermore, we can see from the table that periods of (n*10+2) ms when n=1, 2, …, 19 have the least average searching time compared with other periods between n*10 ~ (n+1)*10 ms, so it seems that the periods of (n*10+2) ms is the most optimal repetition period for gap length 6 ms.

3 Conclusions
This paper gives the consideration on the design of LTE inter-RAT monitoring gap for WiMAX system measurements. Based on the given analysis and discussion, we suggest RAN4 accept the proposed 2 alternatives as the working assumptions for the gap design for mobility measurements on Mobile WiMAX system. To decide which alternative could be used as the final solution for measurements on WiMAX, the final solution for other inter-RAT system measurements such inter-RAT GSM and UMTS measurements should be considered.
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Figure A.1 Example of OFDMA frame of Mobile WiMAX system

Table A.1: Typical parameters of WiMAX OFDMA frame structure
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Annex B: 

Table B.1: The efficiency and delay performance for different repetition period of Alternative 2

	Repetition period Tperiod (ms)
	Average number of subframes used
	Average search time (ms)
	Maximum search time (ms)

	12
	7.74
	9.48
	18

	13
	7.74
	9.77
	19

	11
	8.28
	10.18
	28

	17
	7.74
	10.93
	23

	18
	7.74
	11.22
	24

	14
	8.28
	11.32
	34

	16
	8.28
	12.08
	38

	22
	7.74
	12.38
	28

	23
	7.74
	12.67
	29

	19
	8.28
	13.22
	44

	27
	7.74
	13.83
	33

	21
	8.28
	13.98
	48

	28
	7.74
	14.12
	34

	24
	8.28
	15.12
	54

	32
	7.74
	15.28
	38

	33
	7.74
	15.57
	39

	26
	8.28
	15.88
	58

	37
	7.74
	16.73
	43

	29
	8.28
	17.02
	64

	38
	7.74
	17.02
	44

	31
	8.28
	17.78
	68

	42
	7.74
	18.18
	48

	43
	7.74
	18.47
	49

	34
	8.28
	18.92
	74

	47
	7.74
	19.63
	53

	36
	8.28
	19.68
	78

	48
	7.74
	19.92
	54

	39
	8.28
	20.82
	84

	52
	7.74
	21.08
	58

	53
	7.74
	21.37
	59

	41
	8.28
	21.58
	88

	57
	7.74
	22.53
	63

	44
	8.28
	22.72
	94

	58
	7.74
	22.82
	64

	46
	8.28
	23.48
	98

	62
	7.74
	23.98
	68

	63
	7.74
	24.27
	69

	49
	8.28
	24.62
	104

	51
	8.28
	25.38
	108

	67
	7.74
	25.43
	73

	68
	7.74
	25.72
	74

	54
	8.28
	26.52
	114

	72
	7.74
	26.88
	78

	73
	7.74
	27.17
	79

	56
	8.28
	27.28
	118

	77
	7.74
	28.33
	83

	59
	8.28
	28.42
	124

	78
	7.74
	28.62
	84

	61
	8.28
	29.18
	128

	82
	7.74
	29.78
	88

	83
	7.74
	30.07
	89

	64
	8.28
	30.32
	134

	66
	8.28
	31.08
	138

	87
	7.74
	31.23
	93

	88
	7.74
	31.52
	94

	69
	8.28
	32.22
	144

	92
	7.74
	32.68
	98

	93
	7.74
	32.97
	99

	71
	8.28
	32.98
	148

	74
	8.28
	34.12
	154

	97
	7.74
	34.13
	103

	98
	7.74
	34.42
	104

	76
	8.28
	34.88
	158

	102
	7.74
	35.58
	108

	103
	7.74
	35.87
	109

	79
	8.28
	36.02
	164

	81
	8.28
	36.78
	168

	107
	7.74
	37.03
	113

	108
	7.74
	37.32
	114

	84
	8.28
	37.92
	174

	112
	7.74
	38.48
	118

	86
	8.28
	38.68
	178

	113
	7.74
	38.77
	119

	89
	8.28
	39.82
	184

	117
	7.74
	39.93
	123

	118
	7.74
	40.22
	124

	91
	8.28
	40.58
	188

	122
	7.74
	41.38
	128

	123
	7.74
	41.67
	129

	94
	8.28
	41.72
	194

	96
	8.28
	42.48
	198

	127
	7.74
	42.83
	133

	128
	7.74
	43.12
	134

	99
	8.28
	43.62
	204

	132
	7.74
	44.28
	138

	101
	8.28
	44.38
	208

	133
	7.74
	44.57
	139

	104
	8.28
	45.52
	214

	137
	7.74
	45.73
	143

	138
	7.74
	46.02
	144

	106
	8.28
	46.28
	218

	142
	7.74
	47.18
	148

	109
	8.28
	47.42
	224

	143
	7.74
	47.47
	149

	111
	8.28
	48.18
	228

	147
	7.74
	48.63
	153

	148
	7.74
	48.92
	154

	114
	8.28
	49.32
	234

	116
	8.28
	50.08
	238

	152
	7.74
	50.08
	158

	153
	7.74
	50.37
	159

	119
	8.28
	51.22
	244

	157
	7.74
	51.53
	163

	158
	7.74
	51.82
	164

	121
	8.28
	51.98
	248

	162
	7.74
	52.98
	168

	124
	8.28
	53.12
	254

	163
	7.74
	53.27
	169

	126
	8.28
	53.88
	258

	167
	7.74
	54.43
	173

	168
	7.74
	54.72
	174

	129
	8.28
	55.02
	264

	131
	8.28
	55.78
	268

	172
	7.74
	55.88
	178

	173
	7.74
	56.17
	179

	134
	8.28
	56.92
	274

	177
	7.74
	57.33
	183

	178
	7.74
	57.62
	184

	136
	8.28
	57.68
	278

	182
	7.74
	58.78
	188

	139
	8.28
	58.82
	284

	183
	7.74
	59.07
	189

	141
	8.28
	59.58
	288

	187
	7.74
	60.23
	193

	188
	7.74
	60.52
	194

	144
	8.28
	60.72
	294

	146
	8.28
	61.48
	298

	192
	7.74
	61.68
	198

	193
	7.74
	61.97
	199

	149
	8.28
	62.62
	304

	197
	7.74
	63.13
	203

	151
	8.28
	63.38
	308

	198
	7.74
	63.42
	204

	154
	8.28
	64.52
	314

	156
	8.28
	65.28
	318

	159
	8.28
	66.42
	324

	161
	8.28
	67.18
	328

	164
	8.28
	68.32
	334

	166
	8.28
	69.08
	338

	169
	8.28
	70.22
	344

	171
	8.28
	70.98
	348

	174
	8.28
	72.12
	354

	176
	8.28
	72.88
	358

	179
	8.28
	74.02
	364

	181
	8.28
	74.78
	368

	184
	8.28
	75.92
	374

	186
	8.28
	76.68
	378

	189
	8.28
	77.82
	384

	191
	8.28
	78.58
	388

	194
	8.28
	79.72
	394

	196
	8.28
	80.48
	398

	199
	8.28
	81.62
	404
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