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1 Introduction 
A study item of avoiding in-device coexistence interference has been approved in RAN#48[1]. And three important use cases for concurrent operation of different radios are listed in [2]:
All idle

· LTE listening for pages, WLAN listening for beacons, Bluetooth sniff

One primary connection

· LTE active,  Bluetooth page scanning, WLAN listening for beacons, or both

· Bluetooth eSCO (voice via 3G) or A2DP (streaming audio from either 3G or local media) while LTE idle, WLAN listening for beacons, or both

· WLAN data (infrastructure mode) while Bluetooth page scanning, LTE listening for pages, or both

Multiple simultaneous connections

· LTE active with Bluetooth eSCO with WLAN listening to beacons

· LTE data or VoIP connection with simultaneous voice connection over Bluetooth

· LTE data with “skype-like” application with the voice call transferred over Bluetooth

· LTE data with Bluetooth ACL (data) or A2DP (streaming audio from either from LTE or local media),  and WLAN listening to beacons
· LTE data and WLAN data
· Out-of-band relay with LTE backhaul and WLAN access point operation (Dual Mode CPE case).
In this paper, taking the concurrent operation LTE and Bluetooth for example, we make some initial analysis on the coexistence issue in which LTE device is in IDLE mode while other concurrent radio is either in active mode or idle mode (e.g. use case1 (All idle) and use case2 (One primary connection) listed above). 
2 Discussion
Since LTE device is in IDLE state, there is no interference from LTE to Bluetooth. Only the interference suffered by LTE is discussed here. The potential impact focus on the reception of Paging message, system information (MIB, SIB1, SI) in IDLE mode when the Bluetooth (BT) is either in active mode or paging/inquiry mode.
2.1 BT in Active mode—eSCO logical transport using signal slot packets 

Assumptions of the concurrent radios:
LTE: IDLE mode; Band40 (TDD)
BT (eSCO timing as in Figure 1):

· act as a master;
· active mode with eSCO logical transport using signal slot packets; 
· eSCO window (i.e eSCO interval) with 6 slots (0.625us*6=3.75ms), including 2 reserved slot and 4 retransmission slot (i.e. retransmission window is 4 slots). The first slot of the reserved slot is reserved for master-to-slave and the second slot of the reserved slot is reserved for slave-to-master;
· Both the transmission from master and the transmission from slave succeed with the first attempt i.e. no retransmission occurs . The assumption is to simplify the analysis and mainly made due to the fact that there is no interference from LTE to Bluetooth and no other interference is considered here,.
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Figure 1
2.1.1 The impact on the reception of Paging message
In IDLE state UE only monitors its own Paging Occasion (PO) per DRX cycle. The for one specific UE, its PF and PO is determined by the DRX parameters provided in System Information (DRX cycle maybe assigned by NAS layer) and the IMSI of UE. For UEs using TDD mode, the PO only occurs in subframe 0, 1, 5, 6. And the DRX cycle of the UE could be 320ms, 640ms, 1280ms or 2560ms. The PO is assumed in subframe#0 for the specific UE in the following discussion.
Assuming the BT is time alignment with the LTE, i.e. the master-to-slave slot in one eSCO interval is overlapped with the subframe#0 (PO) of a radio frame (PF) in LTE . And the DRX cycle is assumed to be 320ms. 
Based on the assumptions above, the interfered PO is listed in the Annex1. From the caculation we could see that one PO in every three paging cycles will be interfered by BT, which is illustrated in Figure 2. It should be noticed average collision possibility between PO and master slot is 43.3% if timing between LTE and BT system is set randomly. 
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Figure2
Observation1: Assuming DRX cycle is 320ms, 1 PCCH transmissions in 3 is collided if collision occurs initially 
2.1.2 The impact on the receiving of MIB in LTE
The MIB transmission repeats every 10ms within 40 ms . The first transmission of the MIB is scheduled in subframe #0 of radio frames for which the SFN mod 4 = 0. Considering the worst case, the timing assumptiong is the same as section 2.1.1.
Based on the assumptions above, the interfered MIBs are listed Annex1. Caculation shows one in every three receiving opportunities of the MIB will be interfered by BT, which is illustrated in Figure 3. 
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Figure 3
Observation2: Assuming collision occurs intially,1 in 3 MIB transmission is inteferenced 

2.1.3 The impact on the receiving of SIB1 in LTE
The first transmission of SIB1 is scheduled in subframe #5 of radio frames for which the SFN mod 8 = 0, and repetitions are scheduled in subframe #5 of all other radio frames for which SFN mod 2 = 0.
Assuming 1st SIB1 transmission is aligned with master slot of BT, the interfered SIB1 is listed in Annex2. Caculation shows one in every three receiving opportunities of the SIB1 will be interfered by BT, which is illustrated in Figure 4.
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Figure 4
Observation3: Assuming collision occurs intially,1 in 3 SIB1 transmission is inteferenced
2.1.4 The impact on the receiving of SI in LTE
The SI messages are transmitted within periodically occurring time domain windows (referred to as SI-windows) using dynamic scheduling. Each SI message is associated with a SI-window and the SI-windows of different SI messages do not overlap. The UE should receive SI from the start of the SI-window and continue until the end of the SI-window or until the SI message was received excluding the subframes for SIB1, MBSFN (not considered in the following caculation) and uplink transmission.
Taking the typical SI-window length 10ms and Uplink-downlink configuration2 (with 2 uplink subframes) for example, in the worst case, 4 of the 7 downlink subframes for SI transmission will be interfered by the reserved master-to-slave slots (as shown in Figure 5), while in the best case, only 2 of the 7 downlink subframes will be interfered by the reserved master-to-slave slots (as shown in Figure 6). The average interference possibility is 43% (
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Figure 5
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Figure 6
The UE would receive SI message in all of the 7 blank downlinke subframes as illustrated in Figure 5/Figure 6 unless the SI message has been received successfully. Even in the worst case shown above, the UE could receive SI message in the remianing 3 uninterfered subframes. And in other cases, the UE would have more opportunities to receive SI message in the first SI-window. From the analysis above, we could deduce that the SI message could be received in the first SI-window even in the worst case.
Observation4: The UE could receive SI in the first SI-window even in the worst case.

2.2 BT Page/Inquiry mode

BT transmits page/inquiry in one Bluetooth slot every 2 slots for at least 2.56 seconds [3].

[image: image8.emf]PO

(MIB)

…

SFN=0

PO

(MIB)

SFN=32

…

SIB1 SIB1

Reserved slot for master-to-slave

Reserved slot for slave-to-master


Figure 7
Taking the reception of paging message in LTE for example, if the master doesn’t receive the Paging Response until the last slave-to-master slot of the duration of 2.56s, all the POs will be polluted in this 2.56s as illustrated in Figure 7. 
But in fact, the start of the BT paging/inquiry procedure is usually under the control of a subscriber so that the occuring of the paging/inquiry procedure is quite arbitrary and infrequent. And in the typical case, the slave will respond to the master’s paging/inquiry request in the first slave-to-maste slot. We believe that the interference from the BT paging/inquiry is not a big issue in LTE IDLE mode and nothing should be changed at least at the first stage.
Observation5: The interference from the BT paging/inquiry is not a big issue in LTE IDLE mode.

3 Conclusion 
After analyze the interference from BT system to LTE in IDLE, we come to the following observation:
Observation1: Assuming DRX cycle is 320ms, 1 PCCH transmissions in 3 is collided if collision occurs initially 
Observation2: Assuming collision occurs intially,1 in 3 MIB transmission is inteferenced 

Observation3: Assuming collision occurs intially,1 in 3 SIB1 transmission is inteferenced
Observation4: The UE could receive SI in the first SI-window even in the worst case.

Observation5: The interference from the BT paging/inquiry is not a big issue in LTE IDLE mode.

And based on above observation, we come to the conclusion that LTE device in IDLE will not be affected by e.g. BT system significantly.
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5 Annex
5.1 Annex1
According to the assumptions in section 2.1.1, the BT frame structure repeats ever 3.75ms, if the subframe(s) in LTE is overlapped with the first reserved slot of a BT frame, then the subframe(s) will be interfered by BT. MIB will be only received on subframe#0 and the PO of the specific UE is assumed in subframe#0 too, so the interfered MIB could be caculated from the following formula:

10x=3.75y
Where x denotes the SFN in LTE and y denote the frame in BT.
If x%32=0, then the PO in the corresponding SFN will be interfed by BT.
The caculated result is shown in Table1.

	y

	x
(SFN in LTE, the yellow highlighted SFN denotes the PO(in the subframe#0 of the corresponding frame) be interfered, and all the data denotes the MIB be interfered in the corresponding frame)

	0
	0

	8
	3

	16
	6

	24
	9

	32
	12

	40
	15

	48
	18

	56
	21

	64
	24

	72
	27

	80
	30

	88
	33

	96
	36

	104
	39

	112
	42

	120
	45

	128
	48

	136
	51

	144
	54

	152
	57

	160
	60

	168
	63

	176
	66

	184
	69

	192
	72

	200
	75

	208
	78

	216
	81

	224
	84

	232
	87

	240
	90

	248
	93

	256
	96

	264
	99

	272
	102

	280
	105

	288
	108

	296
	111

	304
	114

	312
	117

	320
	120

	328
	123

	336
	126

	344
	129

	352
	132

	360
	135

	368
	138

	376
	141

	384
	144

	392
	147

	400
	150

	408
	153

	416
	156

	424
	159

	432
	162

	440
	165

	448
	168

	456
	171

	464
	174

	472
	177

	480
	180

	488
	183

	496
	186

	504
	189

	512
	192


Table1
5.2 Annex2
According to the assumptions in section 2.1.3, the BT frame structure repeats ever 3.75ms, if the subframe(s) in LTE is overlapped with the first reserved slot of a BT frame, then the subframe(s) will be interfered by BT. SIB1 will be only received on subframe#5 of a radio frame for which the SFN mod 2 =0, so the interfered SIB1 could be caculated from the following formula:

(20x+5)=3.75y
Where x denotes the SFN in LTE and y denote the frame in BT.

The caculated result is shown in Table2.
	y
	x

(SFN in LTE, all the data below denotes the SFN of the radio frame in which the SIB1will  be interfered by BT)

	0
	0

	12
	2

	28
	5

	44
	8

	60
	11

	76
	14

	92
	17

	108
	20

	124
	23

	140
	26

	156
	29


Table2
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