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1 Introduction
There have been email discussions to share some of views and opinions from companies about IDC trigger issues[1]. In the email discussion, main issues are evaluation of interference, when an IDC indication is triggered and how to control the threshold for triggering. Especially, threshold for triggering an IDC indication needs to be discussed in terms of how to measure the interference and identify the threshold, and also who makes the threshold. In this contribution, we introduce and explain possible interference detection/measurement method for the configuration of LTE and eSCO/SCO BT components. 
2 Discussion
2.1 eSCO/SCO BT link characteristics
There are two types of packet transmission protocols in BT application, ACL and SCO. The critical difference between two protocols is the packet transmission time slot position, thus, asynchronous (ACL) and synchronous (SCO) connection. If the application on the BT requires the strict QoS like a voice, SCO would be the best protocol, but if it requires the retransmission and flexible transmission, ACL protocol could be better. The BT master may establish a link to the component and support up to three links, which can be to the same or different slaves. The links are symmetric so that the data rate in each direction is the same and packets are always transmitted on pre-defined time slots, at regular intervals (e.g. every 2, 4 or 6 slots) with 1 slot time. Thus, packets are always transmitted in predetermined time slots as well and the regular interval between packets is specified when the link is established. Table 1 shows the SCO link characteristics.


Table 1. SCO link characteristics

	Type
	Slot
	Purpose
	FEC
	Payload
	Transmission
	Data rate

	HV1
	1 slot
	HQ Voice
	1/3
	10 bytes
	Every 2 slots
	64Kbps

	HV2
	1 slot
	HQ Voice
	2/3
	20 bytes
	Every 4 slots
	64Kbps

	HV3
	1 slot
	HQ Voice
	N/A
	30 bytes
	Every 6 slots
	64Kbps


Figure 1 shows the packets transmission timing diagram of SCO HV1 link with one slave in a piconet. Master and slave nodes are transmitting/receiving the packets on the predetermined synchronized time slot at every two time slot.   

[image: image1.png]MMMMMM

ssssss




Figure 1. SCO HV1 packet transmission timing with one SCO link in a piconet

Figure 2 shows the packet transmission timing diagram of SCO HV2 link with two slaves in a piconet. Master node is transmitting the packets on the pre-determined synchronized time slot at every two time slot, to the different slave nodes. The transmissions to the different slave nodes are rotating at every 4 time slots. Therefore, Slave 1 and Slave 2 are receiving and transmitting the packets at every 4 time slots.   
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Figure 2. SCO HV2 packets transmission timing with two SCO links in a piconet

Accordingly, from point of LTE component, the signals (e.g. BT packet) from BT component could be assumed as a noisy signal with a periodic time and similar threshold level of the signal power. Based on these characteristics of BT signal with eSCO/SCO protocol, it may be possible that LTE component estimates and identifies interference whether it is coming from due to in-device coexistence or local interferences. 

Observation 1: Packet transmission from eSCO/SCO BT component would be interference with similar power level and periodicity to the LTE component.
2.2 Interference measurement with threshold and timing gap
It has not been shown that existing measurement scheme is enough or other measurement methods are necessary to measure interference for IDC interference avoidance. In this contribution, we introduce some of possibility that the UE measure interference to trigger an IDC indication to the eNB where the configuration of LTE and BT component with eSCO/SCO link protocol is applied and RSSI measurement[2] assumed, without the UE internal coordination. 

Assuming that BT-RSSI stands for the received signal strength indicator for identifying the source of interference, BT-RSSI may possibly include other interferences from neighbor cells and/or as well as interference from the BT. Figure 3 shows the BT-RSSI measurement. The eSCO/SCO BT component is transmitting at the pre-determined time slot with periodicity and this transmission will be interfering to LTE component. Accordingly, as shown in figure 3, a periodic packet transmission could be interpreted as periodic interference occurrences to the LTE component. 
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Figure 3:  BT-RSSI detection and measurement  

To identify the interference whether it is coming from BT component or not, we may use two parameters
· BT-RSSI periods: The period between two BT-RSSI peaks coming from two sequential packet transmission.  

· Int_gap : BT-RSSI time gap with margins
· BT-RSSI threshold: The power level of threshold of the BT-RSSI peak. 
· Int_th: Maximum permitted Tx power with margins
By measuring multiple timing instances with measurement window, the LTE component can find the peak BT-RSSI level. If there is interference from the BT component, multiple peaks may have the similar pattern and it could be periodically detected. Based on those characteristics, the UE possibly checks if the power level of BT-RSSI peak is larger than the BT-RSSI threshold (e.g. Int_th). When the peak BT-RSSI level is larger than threshold and the timing gap of two consecutive peaks are matched up with the periods of interference defined with Int_gap, the UE may decide it as the interference from the BT and indicates BT interference existence to high layers. Additionally, some of parameters such as marginal threshold and timing gap would be helpful to make a decision with flexibility. This detection and measurement procedures could be possibly achieved without the UE internal coordination in order to trigger an IDC indication. If the LTE and BT components, however, are aware of the configuration each other, the interference measurement could have more accurate and precise results. Therefore, the detection and measurement of interference gap as well as threshold would be helpful parameter to make a decision in order to send an IDC indication at the UE.  
Proposal 1: Discuss and adopt that the interference gap is additional parameter to trigger an IDC indication for the configuration with BT

Figure 4 shows the overall functional block diagram to identify the interferences comes from the in-device coexistence systems which have LTE and BT component. Each component has its own RF chain and protocol blocks such as Radio, PHY, higher layers (e.g. MAC and RRC layer), but LTE component should have more functional blocks to detect and identify if the received signal is larger than the threshold and has periodicity for eSCO/SCO BT. 
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Figure 4: Functional diagram for interference detection and decision   

As shown in the figure 4, LTE component is able to recognize the power level of the received signal coming from BT component. At the second functional block, the LTE component measures the period of the received signal with Int_gap and marginal_gap parameters as described above. As shown in the figure 3, because BT component using eSCO/SCO protocol generates the signal with the similar power level and periodicity the LTE component is able to make a decision whether the interferences comes from the BT component based on those measured parameters. If the UE decides that the interference comes from the BT component, the UE sends an internal indicator with BT interference existence to the higher layers and then the UE may send an IDC indication to the eNB. To avoid the possible false detection, the higher layers may apply supplemental functions (e.g. the timer or counter etc.)
As shown in table 2, the power level of BT could be set differently. Thus, based on the maximum permitted power, the interference could happen periodically with specific power level if there is no strong local noise when eSCO/SCO BT is activated in the UE. 

Table 2. Class of BT 
	Class
	Maximum Permitted Power
	Range
(Approximate)

	
	mW
	dBm
	

	Class 1
	100
	20
	Up to 100 meters

	Class 2
	2.5
	4
	Up to 10 meters

	Class 3
	1
	0
	Up to 1 meters


As shown in table 2, the output power of BT components could be varied and may give a different interference impact to the LTE components. Thus, this maximum permitted power could give an impact to setting up the threshold (e.g. Int_th) which could be condition in order to trigger an IDC indication. So far we have introduced some possibility of detection and measurement of interference with threshold of power (e.g. Int_th) and timing gap (e.g. Int_gap). However, it may not be accurate detection and measurement due to local neighbour interference, so it may be necessary that we add some parameters, marginal_gap for the timing adjustment and marginal_th for the power level adjustment, complementally to increase the accuracy of an IDC indication triggering condition. 
One of argument points in the email discussion[1] is that who will decide a threshold to trigger an IDC indication. Possibly the eNB and/or UE are able to set the threshold. As shown in the table 2, the UE itself can know well its configuration that what kind of BT class is equipped at the UE. Accordingly, it would be correct that the threshold setting would be the UE implementation. However from point of scheduling and load balancing operation view at the eNB side, local setting of threshold (the UE implementation) may induce poor performance and unfair resource allocation due to undesirable frequent request, pre-emption of the allocation with lower threshold level and unfairness of request condition etc. So somewhat it may need that the eNB is involved to set the threshold for triggering of an IDC indication. But to allocate the correct and precise threshold, the eNB should know characteristics of the UE configuration, for example, such as the value shown in the table 2. Therefore, it may need that IDC capability to set the threshold up is requested and responded between eNB and UE at initial connection stage.
Proposal 2: Need to discuss what kind of information is needed when the eNB is involved to allocate the threshold 
Proposal 3: Discuss and adopt that IDC capability to set threshold up is requested and responded between eNB and UE at initial connection stage
3 Conclusion
In this paper, we have introduced and explained interference measurement for the BT configuration with threshold and timing gap. RAN2 is kindly requested to consider and adopt the following proposals.        
Observation 1: Packet transmission from eSCO/SCO BT component would be interference with similar power level and periodicity to the LTE component.
Proposal 1: Discuss and adopt that the interference gap is additional parameter to trigger an IDC indication for the configuration with BT

Proposal 2: Need to discuss what kind of information is needed when the eNB is involved to allocate the threshold 

Proposal 3: Discuss and adopt that IDC capability to set threshold up is requested and responded between eNB and UE at initial connection stage
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