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Discussion and Decision
1 Introduction 
Interference avoidance for in-device coexistence has been discussed in last meeting. Two kinds of interference avoidance method: FDM method and TDM method have been raised [1]. Before diving into how to avoid the interference, this contribution analyzes the modeling of interference avoidance for in-device coexistence.
2 Discussion
2.1 Types of interference 

There are mainly two types of interference from LTE prospective:

Type1：Interference to LTE from other radio technologies

Type2：Interference from LTE to other radio technologies

	Interference Type
	Details

	Type 1
	LTE band 40 interfered by ISM 

	Type 2
	ISM interfered by LTE band 40 

	
	ISM interfered by LTE band 7 

	
	GPS interfered by LTE band13/14


Table 1
Interference type 1 should be resolved by LTE. But for interference type 2, though it has no impact on LTE, but it would degrade user experience if it exists. RAN2 need to discuss whether it should also be resolved by LTE.

Proposal 1：RAN2 should discuss whether interference type2 should be resolved by LTE.

2.2 Modes of interference avoidance
There are mainly two kinds of co-existence mode when more than one radio technologies co-exist in one device: 
Uncoordinated mode：Different technologies are independent, which means they don’t know whether other technologies exist or not. 
Coordinated mode：On contrary to uncoordinated mode, different radio technologies know the existence of each other. Moreover time and/or frequency information can be shared and coordinated among them. 

[image: image1.emf]LTE ISM/GPS

Uncoordinated 

Mode

LTE ISM/GPS

Coordinated 

Mode


Figure 1
For uncoordinated mode, only measurement can be used to detect whether interference exists or not. But for coordinated mode, interference can be informed to other technologies before it happens. 
2.3 Discussion on uncoordinated mode 
For inference type1, interference can be detected by RSRQ/CQI measurement in LTE. But for interference type2, LTE can not detect whether it interfere other radio technologies. 
Observation 1：For uncoordinated mode, only interference type1 can be detected by LTE. 
If strong interference is detected, UE sends measurement report to eNB to trigger handover or initiate RRC reestablishment to access neighbor cell of different frequency which suffers little coexistence interference. If there is no other inter-frequency cell or other RAT which UE can access, then coexistence interference can not be avoided by uncoordinated mode. 
Observation 2：LTE relies on handover or RLF to avoid type1 interference. 
UE is configured with measurement for handover or carrier management. For RSRQ measurement is optionally configured, eNB may only configure RSRP measurement according to RRM algorithm for it does not know potential coexistence issue. Therefore eNB can not detect coexistence interference from RSRQ measurement in some scenarios. 
There is CQI reporting to eNB when UE in connected state. Though eNB can derive interference by CQI, but CQI is always been used by eNB to select suitable frequency for scheduling but not handover. Furthermore, CQI is only about serving cell measurement result, eNB can not get neighbour cells quality from it.
Observation 3：Interference can not be detected if RSRQ measurement is not configured, and CQI report can’t be used to dectect interference. 
If RSRQ measurement is configured, UE will measure neighbour cell if RSRP of serving cell is lower than S-measure. That is to say, even if UE is suffering with strong coexistence interference, it would not measure neighbour cell for RSRP of serving cell exceeds S-measure. 
UE sends measurement report to eNB when measurement results of serving cell and neighbour cell fulfil measurement event criteria lasts over TimeToTrigger. The time characteristic of LTE suffered with coexistence interference is related to the sending time pattern of other technology. Let’s take LTE and Wifi coexistence for example. Assuming Wifi is used for web-browsing, HTTP traffic model and its interference to LTE for sending ACK packet in uplink is figured below [2]. As analysed in Annex, for the discontinuous characteristic of coexistence interference, measurement report would not be triggered if TTT is not configured properly.
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Figure 2

Observation 4：The discontinuous characteristic of coexistence interference may lead to measurement report can not be triggered. 
As discussed in [3], even measurement report can be triggered for the coexistence interference time lasting longer than TimeToTrigger, whether Qos can be guaranteed during TTT need be evaluated. [4] analyzed the LTE DL error rate on PDSCH is about 50%, then UE may fail to correctly receive RRC connection reconfiguration message.

Observation 5： QoS can not be guaranteed due to strong coexistence interference and UE may fail to receive RRC Connection Reconfiguration message correctly.
If handover was not successfully performed, then UE may initiate RRC connection reestablishment when detecting RLF. UE start timer T310(0~2s) if receiving N310 consecutive "out-of-sync" indications from lower layer. And UE stops T310 if receiving N311 consecutive "in-sync" indications from lower layers while T310 is running. As depicted in Figure 2, the coexistence interference is discontinuous, whereas the RLF detection is continuous every frame . That means once T310 is started e.g. due to interference from transmission of main object, UE may report “in-sync” afterwards during parsing time. Since parsing time is longer than transmission time, it is difficult for UE to report “out of syn” but very esasy to report “in-sync”. So it seems most likely RLF will not triggered.. 
And as discussed in [5], even UE initiate RRC connection reestablishment for RLF, the time delay is very long for UE access to a suitable cell. 
Observation 6：The discontinuous characteristic of coexistence interference result in failed detection of RLF 
As listed in table 1, interference type1 mainly happens in band 40. Operator may take potential coexistence interference into consideration to configure these parameters for band 40, such as: not configure S-measure, using short TimeToTrgger/ TreselectionRAT /T310. If S-measure is not configured, it would increase UE power consumption. Short TimerToTrigger would increase the risk of pingpang handover. RLF is more likely to be triggered which degrade UE experience if N310 is configured very small or T310 is configured very short. Short TreselectionRAT leads to frequent cell reselection and more TA update. Taking these into consideration, it is very difficult for operator to configure these parameters.
Observation 7：It is difficult for operator to configure appropriate parameters to avoid coexistence interference. 

2.4 Discussion on coordinated mode 

On contrary to uncoordinated mode, LTE knows the existence of other radio technologies for coordinated mode. The coexistence interference can be informed to each other before it happens or before detected by measurement. For interference type2, other radio technology can inform LTE the interference, therefore both interference type1 and type2 can be resolved by LTE. 
Observation 8：Both interference type1 and type2 can be resolved by LTE for coordinated mode.
For the coexistence interference can be informed to each other between LTE and other radio technologies, they can coordinate the time and frequency resource usage before interference happens. That is to say, from LTE perspective, if other radio technologies sending would interfer LTE, it can inform LTE in advance. Then LTE can take measures such as handover in advance or FDM/TDM measures to avoid coexistence interference. 
Observation 9：LTE can take measures such as handover in advance or FDM/TDM measures to avoid coexistence interference for coordinated mode. 
According to these observations, we propose:

Proposal 2：It is suggested RAN2 discuss coexistence interference avoidance based on coordinated mode. 
Coordinated mode can be classified into following 3 modes depicted in figure 3. 
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Figure 3
LTE acts as master in mode 1. LTE inform other radio technologies when it sending or receiving packet, and other radio technologies use some measures to avoid coexistence interference. Besides LTE need inform other technology the frequency and time information it used in UE, there is no other impact on LTE in mode 1. 
LTE acts as slave in mode 2. Other radio technologies inform LTE when it sending or receiving packet, and LTE avoid using time and frequency which interferes other radio technologies. 
Mode 3 uses a coordinator to distribute frequency and time resource. Coordinator can be looked upon as master, LTE and other radio technologies can be looked upon as slave in this mode. LTE can only use the resource assigned by coordinator. Mode1/2 can be looked upon as the special cases of mode 3. 
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Figure 4
Figure 4 illustrates an example of coordinated mode which including following steps:
Step 1：Wifi starts work, it informs coordinator to ask for time and frequency resource. 
Step 2：Coordinator distributes time and frequency resource between Wifi and LTE according their requirements. Then it informs LTE and Wifi the resources assigned to them. 
Step3： LTE and Wifi in terminal report eNB/Wifi AP assigned resource. eNB/Wifi AP take schemes such as Handover/FDM/TDM to avoid coexistence interference.
LTE may take different mode for interference type 1 and type 2. For example, LTE can take mode1/2/3 for interference type 1 but only mode 1 for interference type 2. 
Proposal 3：RAN2 need to discuss whether mode 2/3 can be acceptable for LTE. 
3 Conclusion 
In this paper, we discuss the modeling of interference avoidance for in-device coexistence. And follow proposals are suggested.
Proposal 1：RAN2 should discuss whether interference type2 should be resolved by LTE.

Proposal 2：It is suggested RAN2 discuss coexistence interference avoidance based on coordinated mode. 

Proposal 3：RAN2 need to discuss whether mode 2/3 can be acceptable for LTE. 
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Figure 5
As depicted in figure above, for coexistence interference, UE start TTT after measurement period 0 when L1 report L3 High Interference measurement result. For the discontinuous characteristic of coexistence interference, L1 may report L3 Low Interference measurement result for Wifi does not send packet after TTT has been started. The parameters of figure 5 are listed in table below.
	Parameters
	Assumptions

	rate(8Mbps)
	8.E+06

	pack size(bits)
	8.E+04

	To(Time from 1st measurement result to 1st embedded packet)
	100ms

	Tm(Time for sending packet)
	10ms 

	Tp(Parsing time)
	270ms

	Measurement period
	200ms


Table 2
If Tp is configured longer than 400ms, then it must be low interference measurement result for the first measurement report after TTT has been started. Therefore, if TTT is configured longer than measurement period, then L1 would report L3 low interference result and TTT would be stopped. 
If Tp is configured shorter than 200ms, it means Wifi would send packet in every 200ms. For interference lasts only fraction of the L1 measurement period, therefore whether L1 reporting high interference results for each measurement period depends on UE implementation of L1 measurement. 
If Tp is configured between 200ms and 400ms, L1 may report L3 low interference measurement result after TTT has been started. The measurement period when L1 report Low Interference measurement result depends on the length of T0/Tm/Tp. Table 3 calculates the measurement period n when L1 report low inference assuming Tm is 10ms and measurement report period is 200ms. If TTT is configured longer than n*200ms, then measurement report would not be triggered. 
	
	Tp=200
	Tp=250
	Tp=300
	Tp=350

	To=0ms
	20
	5
	3
	3

	To=100ms
	11
	3
	2
	2

	To=190ms
	2
	2
	2
	2

	To=200ms
	1
	1
	1
	1


Table 3
Assuming L1 measurement period is 200ms, the probability of Tp and the summarization of its influence on measurement report are as follows.

	Tp
	Whether measurement report would be triggered?
	Probability

	<200ms
	It depends on UE implementation of L1 measurement
	78.6%

	200ms<Tp<400ms
	Not be triggered if TTT is longer than n*200ms, 

else it depends on UE implementation of L1 measurement
	16.8%

	>400ms
	Not be triggered if TTT is longer than 200ms.
	4.6%


Table 4
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