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1. Introduction

This document try to analysis how it is feasible for UE to read MIB and SIB1 or MIB and SIB3 of CSG cell based on current measurement gap, DRX configuration or compressed mode configuration for intra-frequency and inter-frequency cases for LTE and UMTS system. And if possible, what is the possibility or time consumption.
2. General aspect
In order to resolve PCI/PSC confusion and/or do primary access check UE need know following information of CSG cell:
· LTE: MIB, SIB1 (CGI , CSG indication, CSG identity). 
· UMTS: MIB(CSG indicator, scheduling information), SIB3(CGI,  CSG identity)
For LTE system, UE can’t read SIB1 without knowing MIB i.e. UE must receive MIB and SIB1 in order. And for UMTS system UE can also receive SIB3 after MIB is correctly decoded because SFN information and scheduling information is contained within MIB. In case scheduling blocks are broadcasted then the sequence is MIB, SB and SIB3.

Here is the timing model assumed in this paper:
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Figure 0

· T1: time to tune frequency  and get downlink synchronization

· T2: time to receive MIB

· T3: time to receive SIB1 or SIB3

For intra-frequency cases T1 only means time for downlink synchronization and UE can detect CSG cell via normal intra-frequency cell search procedure. For inter-frequency case when and how gap is configured is out of scope for this paper. Slight more time is consumed to tune receiver in physical layer. 
T2 is the time duration to receive MIB. And T3 is time duration to receive SIB1 or SIB3. Sometimes MIB and SIBx can be received in same gap or off-duration. In that case only T2 is taken into account.
Since internal trigger is an implementation issue so total delay is defined as time duration from start point of T2  to the end point of T3. If MIB and SIB1 or SIB3 is received in the same gap or off-duration there is no T3.

3. Reading MIB and SIB1 of LTE (FDD) [1]
One of the working assumption for following estimate is UE can decode MIB based on 2 consecutive transmissions and decode SIB1 based on one block. This is because normal UE would not start to receive MIB or SIBx unless it is close to the CSG cell. And internal trigger could be defined to achieve this purpose. Another assumption is only long DRX or short DRX is running i.e. changing phase is not considered when UE try to receive MIB and SIB1 to simplify the analysis.
For measurement gap UE have 6ms within 40ms or 80ms whose offset could be anywhere within its periodicity. And in DRX mode there is  variable off-duration (off-duration =long or short DRX cycle – on-duration) whose offset could also be anywhere within its periodicity. the minimum off-duration 1ms and the maximum is 2559ms. 
The scheduling periodicity of MIB and SIB1 is 40ms and 80ms respectively. And MIB is always located in #0 subframe while SIB1 in #5 subframe in frames where SFN%2=0. If  gap or off-duration covers both MIB and SIB1 accidently then UE might read MIB and SIB1 in only 6ms as depicted in Figure1 (case A). But it happens rarely in real world. In most case if gap or off-duration is not long enough it will be located within “blank subframes” as depicted in case B of Figure 1. In that case UE will never be able to receive MIB and/or SIB1. The periodicity of measurement gap is 40ms or 80ms which is multiple times of MIB and SIB1. So if rare case A in figure 1 does not happen UE can’t receive MIB and SIB1 only based on measurement gap. So in LTE UE can only receive MIB and SIB1 based on DRX off-duration or DRX off-duration + measurement gap.
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Figure 1

In order to receive MIB or SIB1 reliably the minimum gap or off-duration is 21ms in order to cover two MIBs transmission or 1 SIB1 transmission at one time. 21ms rather than 20ms is because the boundary of radio frame of serving cell and neighboring cell maybe not aligned in subframe level. The minimum off-duration which is closest to 21ms according to current gap configuration is  22ms  whose DRX cycle is 32ms (Annex 1) according to 36.331.
If 22ms off-duration is configured about in 80% case SIB1’s transmission occurs first or in middle of two MIBs e.g. the offset of off-duration is 1 subframe after SFN where SFN%2=0. In this case one more cycle is needed for UE to receive SIB1. So T2=22ms, T3=32ms.And total time duration is 54ms. In 20% case 22ms covers both MIB and SIB1 and UE can receive two consecutive MIBs at first. So in this case T2=T3=22ms. So the average time consumption to receive MIB and SIB1 based on 22ms off-duration is 47.6ms.
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Figure 2
Observation 1: Minimum average time duration to receive MIB and SIB1 is 47.6 ms based on 22ms off-duration for FDD mode.
4. Reading MIB and SIB1 of LTE (TDD)
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Figure 3

The difference between FDD and TDD is that neighbouring cells are always synchronized in frame level. The minimum 16ms off-duration whose cycle is 20ms is to cover both MIB and SIB1. Since UE can’t always tell which frame of neighbouring cell is even or odd so UE will decode MIB at first in 50% cases (as depicted in dashed SIB1). The average total time duration to receive MIB and SIB1 is 26ms.
Observation3: Minimum average time duration to receive MIB and SIB1 is 26ms based on 16ms off-duration for TDD mode. 
5. Reading MIB and SIB3 of UMTS [2][3]
UE can receive MIB and SIB3 of neighboring cell based on gap in compressed mode for DPCH or DRX gap for high speed shared channel in CELL-DCH state. In order to simplify analysis the two cases are anglicized separately. And here is working assumption for estimation:

1,  At least two transmission of MIB and one transmission of SIB2 are necessary for decoding correctly

2,  No scheduling block is configured i.e. scheduling information of SIB3 is contained in MIB
3, Most typical periodicity of SIB3 is 320ms  or 640ms
5.1  Compressed mode

The maximum gap length of compressed mode is 14 slots i.e. less than 1 radio frame. So when DPDCH is being configured UE can’t receive any MIB or SIB3 because at least 10ms gap length is required. If boundary of radio frame is not aligned the minimum required gap length is 20ms.

Observation4: MIB and/or SIB3 can’t be received when DPDCH is being configured. 
5.2  DTX/DRX mode

If only HS-DSCH and/or E-DCH is configured and UL DTX as well as DL DRX is enabled then UE might have some time free to receive MIB and SIB3. Because all DRX cycle length i.e. (8,10,16,20,32,40)ms could be divided by assumed periodicity of SIB3 and periodicity of MIB i.e. 80ms (except for 32ms) the position of off-duration is fixed relatively once configured by network because the off-duration pattern is repeated every 80ms or 320ms. Since the timing difference between serving cell and CSG cell could be any value so the radio frame which containing MIB or SIB3 could also be anywhere relatively. The possibility of receive MIB and SIB3 is equal to the possibility that the whole MIB or SIB3 radio frame falls within off-duration completely without considering delay to switch RF. Here is one example:
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Figure 4 (DTX/DRX mode)

Figure 4 depicts possible DTX/DRX mode. UL DPCCH is aligned with possible DL HS-SCCH and following HS-DSCH. So the off-duration is equal to DRX cycle – 10/3ms (5 slots). If any part of the MIB or SIB3 radio frame conflict with time to receive possible HS-SCCH and following HS-DSCH then UE can’t receive MIB and SIB3 anymore because the conflict exist always except for 32ms DRX cycle.
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Figure 5

As depicted in Figure 5, for DRX cycle = 20ms or 40ms, once one MIB or SIB3 is located within off-duration then all the MIB or SIB3 fall within off-duration. So the possibility is equal to MIB or SIB3 falls within one off-duration. For 20ms DRX cycle the possibility is 1/3 while for 40ms DRX cycle the possibility is 4/9 (Annex2). If periodicity of SIB3 is 640ms then the possibility is the same but UE might spend 320ms more to receive SIB3 if missed during 320ms when MIB is read. 
Observation5: the possibility for UE to receive MIB and SIB3 at the same time is about 1/3 or a bit more.

6. Conclusion 

Based on analysis we can come to following conclusions:
1, For LTE system, in some cases e.g. only 6ms gap is configured or less than 22ms/16ms (FDD/TDD) off-duration is configured UE can’t receive MIB and SIB1 of CSG cell normally except for some rare cases. 
2 For LTE system, if long off-duration (longer than 22ms/16ms for FDD/TDD mode) is configured UE can anyway receive MIB and SIB1 of CSG cell and the time consumption is about 47.6ms or 26ms for FDD and TDD respective once some internal event is triggered.
3, for UMTS system, UE can’t receive MIB and SIB3 if DCH is configured even compressed mode is activated

4, for UMTE system, UE can receive MIB and SIB3 if UL DTX /DL DRX is activated and long DRX cycle e.g. 20ms is configured by the possibility of about 1/3. 
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8. Annex1
	on-duration
	1
	2
	3
	4
	5
	6
	8
	10
	20
	30
	50
	60
	80
	100

	2
	1
	0
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	5
	4
	3
	2
	1
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	8
	7
	6
	5
	4
	3
	2
	-
	-
	-
	-
	-
	-
	-
	-

	10
	9
	8
	7
	6
	5
	4
	2
	-
	-
	-
	-
	-
	-
	-

	16
	15
	14
	13
	12
	11
	10
	8
	6
	-
	-
	-
	-
	-
	-

	20
	19
	18
	17
	16
	15
	14
	12
	10
	-
	-
	-
	-
	-
	-

	32
	31
	30
	29
	28
	27
	26
	24
	22
	12
	2
	-
	-
	-
	-

	40
	39
	38
	37
	36
	35
	34
	32
	30
	20
	10
	-
	-
	-
	-

	64
	63
	62
	61
	60
	59
	58
	56
	54
	44
	34
	14
	4
	-
	-

	80
	79
	78
	77
	76
	75
	74
	72
	70
	60
	50
	30
	20
	-
	-

	128
	127
	126
	125
	124
	123
	122
	120
	118
	108
	98
	78
	68
	48
	28

	160
	159
	158
	157
	156
	155
	154
	152
	150
	140
	130
	110
	100
	80
	60

	256
	255
	254
	253
	252
	251
	250
	248
	246
	236
	226
	206
	196
	176
	156

	320
	319
	318
	317
	316
	315
	314
	312
	310
	300
	290
	270
	260
	240
	220

	512
	511
	510
	509
	508
	507
	506
	504
	502
	492
	482
	462
	452
	432
	412

	640
	639
	638
	637
	636
	635
	634
	632
	630
	620
	610
	590
	580
	560
	540


Table 1 off-duration for short DRX in LTE
	on-duration
	1
	2
	3
	4
	5
	6
	8
	10
	20
	30
	50
	60
	80
	100

	10
	9
	8
	7
	6
	5
	4
	2
	-
	-
	-
	-
	-
	-
	-

	20
	19
	18
	17
	16
	15
	14
	12
	10
	-
	-
	-
	-
	-
	-

	32
	31
	30
	29
	28
	27
	26
	24
	22
	12
	2
	-
	-
	-
	-

	40
	39
	38
	37
	36
	35
	34
	32
	30
	20
	10
	-
	-
	-
	-

	64
	63
	62
	61
	60
	59
	58
	56
	54
	44
	34
	14
	4
	-
	-

	80
	79
	78
	77
	76
	75
	74
	72
	70
	60
	50
	30
	20
	-
	-

	128
	127
	126
	125
	124
	123
	122
	120
	118
	108
	98
	78
	68
	48
	28

	160
	159
	158
	157
	156
	155
	154
	152
	150
	140
	130
	110
	100
	80
	60

	256
	255
	254
	253
	252
	251
	250
	248
	246
	236
	226
	206
	196
	176
	156

	320
	319
	318
	317
	316
	315
	314
	312
	310
	300
	290
	270
	260
	240
	220

	512
	511
	510
	509
	508
	507
	506
	504
	502
	492
	482
	462
	452
	432
	412

	640
	639
	638
	637
	636
	635
	634
	632
	630
	620
	610
	590
	580
	560
	540

	1024
	1023
	1022
	1021
	1020
	1019
	1018
	1016
	1014
	1004
	994
	974
	964
	944
	924

	1280
	1279
	1278
	1277
	1276
	1275
	1274
	1272
	1270
	1260
	1250
	1230
	1220
	1200
	1180

	2048
	2047
	2046
	2045
	2044
	2043
	2042
	2040
	2038
	2028
	2018
	1998
	1988
	1968
	1948

	2560
	2559
	2558
	2557
	2556
	2555
	2554
	2552
	2550
	2540
	2530
	2510
	2500
	2480
	2460


Table 2 off-duration for long DRX in LTE
9. Annex2

The possibility for MIB and SIB3 falls within off-duration is:
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For DRX cycle of 20ms, P=1/3

*For DRX cycle of 40ms, P=2/3*P(20)+1/3*P(40)=4/9
*Note:  the possible offset of SIB3 is 20ms, 40ms and 60ms. for 20ms and 60ms cases , in order to receive both MIB and SIB3, cycle =20ms is applied in the equation.
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