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1 Introduction
This is the email discussion report for RAN2 email discussion [76#40] on IDC trigger for E-UTRA. 
Scope: 
· How can the UE evaluate the IDC interference level from and to ISM (measurement and/or internal assessment)?

· When does the UE trigger an IDC indication?
· Does the network need to know/control the threshold? Or can the network trust the assessment of the UE?
· Should the UE indicate the level (share of affected subframes and/or interference level) of interference problem or just that there is a problem?
· Email discussion should attempt to align terminology (usable/unusable frequency,…).

2 Terminology Alignment

Base on contribution [1-9], different methods for UE to evaluate the IDC interference problem and to trigger the indication for IDC problem reporting had been discussed during RAN2#76. The essential question is how UE judge a frequency has become unusable or not. Before discussing subsequent details from different aspects, it is important to align the terminology definition.

	Company
	Comment on Usable/Unusable Frequency Definition

	Pantech
	We guess that, through SI phase on IDC issue, the meaning of an unusable frequency might be concluded as the frequency where on-going IDC interference exists. If a frequency with potential IDC interference is also dealt with as an unusable frequency, a frequency without currently intolerable IDC interference would be also indicated to eNB. Then, network would try to run FDM ICO or TDM ICO even though IDC interference have an ignorable or no impact on the frequency, and hence the useless resource restriction or waste on network side would be caused.
In the other hand, we have a concern whether to consider inter-cell interference as well as IDC interference in order to determine an unusable frequency. If IDC interference is strong, UE would suffer from a problem on receiving regardless of inter-cell interference. However, even with small IDC interference, if inter-cell interference is strong, UE would hardly have an efficient communication on the corresponding frequency.

	ZTE
	Unusable frequency:The frquencies suffering IDC interference, the extent of which is above the threshold.
Usable frequency: The frequencies suffering no/low IDC interference, the extent of which is under the threshold.

We prefer only considering on-going interference.

	Qualcomm
	Unusable frequency is one where the UE determines that LTE with ISM/GPS cannot be used without a coexistence solution. This determination can be made by the UE after ensuring that the other radio has taken interference avoidance measures. We think that both on-going and potential interference are covered in this definition. This is because current or potential interference also depends on the current or expected traffic pattern on ISM radio both of which are known to the UE. If the UE knows that ISM traffic is going to start or that the power of ISM transmissions is going to change, it can indicate this to eNB before the frequency becomes unusable. This way any delay associated with waiting for IDC interference to become on-going can be avoided and coexistence solution could be applied before impact to either LTE or ISM/GPS. Moreover, the coexistence indication can contain unusable frequencies which are non-serving frequencies that have not been configured for measurements using gaps. For these frequencies, potential interference indication is more appropriate than on-going interference. As far as unnecessary use of potential IDC interference is concerned, it is not in UE’s interest to misuse the indication since it can hurt UE performance. In any case, other constraints such as prohibit timers can be used to limit the indication. 

	Samsung
	Those LTE frequencies are unusable which as per UE evaluation will get affected by ISM or will affect ISM/GNSS. These un-usable frequencies can be serving frequencies or can be non-serving frequencies. Intention of providing this information is to let eNB know that certain LTE frequencies are not good as ISM is working so that eNB avoid these frequencies for handover. As we agreed that UE will deny ISM operation during the time when in-device co-existence indication related signalling are going on. Since this process can take several ms and to avoid issues at ISM operation it is better that trigger can be sent for ongoing interference case as well as predicted potential in-device interference.

	LGE
	We think that the unusable frequency is the frequency with on-going interference. Usableness can be determined based on the threshold for IDC interference.

	Motorola Mobility
	Unusable frequencies are those LTE frequencies where there is significant ongoing interference due to ISM activity. This has already been agreed (in RAN2-75bis it has been agreed that “the IDC mechanism should preferably trigger upon ongoing interference and not based on assumptions/predictions.”). 

Frequencies which are not experiencing interference currently - but may experience interference if there is ISM activity – are usable frequencies.

	RIM
	Currently we have two options to ignite IDC indication, detect/measurement and internal assessment. Detecting/measurement is to measure the interference which has been affecting to LTE device so that the UE could send IDC indication due to on-going interference on the serving frequency. And using internal assessment is to indicate the potential interference because the LTE device may know information when the ISM device will be activated so that the UE could send IDC indication due to potential interference and then the UE may have a solution before affecting of IDC interference on the serving frequency. We think that the unusable frequency is the frequency where on-going interference occurred and potential interference will be occurring on the serving frequency.  

	Nokia & NSN
	LTE frequencies suffering from ISM transmission or affecting ISM reception are the ones to be indicated to the network. They can be called “unusable” as long as 1) “unusable” means cannot be used without a TDM solution and 2) it can be assumed that a TDM solution will always solve the interference issue. If 2) cannot be assumed, we would need a differentiation between cannot be used without a TDM solution and cannot be used at all.


	Huawei & HiSilicon
	Unusable frequencies are the LTE frequencies where the ongoing In-device Coexistence Interference between the LTE and ISM radio in the same UE cannot be solved by the UE itself.

Usable frequencies are the LTE frequencies where the LTE and ISM radio in the same UE can work simultaneously in case of In-device Coexistence Interference. 

Note we already have the definitions on “ISM radio” and “In-device Coexistence Interference” in the TR.

	Ericsson
	Unusable LTE frequency is a LTE carrier in which interference from/to ISM band exceeds a certain threshold. When frequency is unusable and FDM/TDM solution needed, depends on ISM interference level as well as other components such as signal strength to the cell and inter-cell interference. Thus we consider that it cannot be totally up to UE assessment to decide when the frequency is usable or not. Instead, a certain threshold to trigger IDC indication can be specified or signalled by the network. 

	InterDigital
	Unuable frequency is a frequency in which simultaneous operation of two technologies in the same device cannot be performed without significant interference from one transmitter to the other receiver.  Significant interference can be up to UE determination or a threshold signalled by the network.  However, the network threshold will work well only in the scenario in which LTE is being interfered, but not in the case where LTE is interfering the other technology.  In this case, in order for the network to signal an appropriate threshold it would have to know beforehand the technology type that may be interfered.  
We think the UE should be able to signal an unusable frequency for the serving and non-serving frequency (if applicable).  If the network is going to do FDM, it would be desirable that it doesn’t send the UE to yet another problematic frequency.  

Usable frequency are then all other supported frequencies which are not unusable. 

	Broadcom
	An unusable frequency from a LTE perspective is the LTE frequency in which simultaneous operation without a TDM methodology can not be performed. An unusable frequency can be a serving frequency or a non-serving frequency. It is up to the UE to determine if a frequency is unusable or not.

	NEC
	An unusable frequency is the one where UE could not perform simultaneous operation on LTE and other technologies (ISM/GPS) and could not resolve interference on its own. This should include ongoing interference and be left for UE to decide if a frequency is unusable.
A usable frequency is the LTE frequency where UE can perform simultaneous operations on LTE and ISM/GPS.

	Renesas
	Unusable frequencies are the frequencies where UE can’t work properly due to the IDC interference. All the other frequencies are considered usable until the UE reports it is unusable.

	Alcatel-Lucent
	A LTE carrier frequency is considered unusable when unacceptable level of ISM Interference is affecting the DL LTE and the UE can’t mitigate the coexistence issue itself. If unacceptable level of LTE Interference affecting the DL ISM should also be considered for the indication, then the LTE frequency affected should also be considered unusable.

As there is no point of informing unusable frequency that are not related to the operator’s supported frequency and also incurs unnecessary signalling overhead, we propose that UE only informs the unusable frequencies related to the configured measurement objects.

	MediaTek
	Unusable frequency is the LTE carrier cannot be used with acceptable radio link quality. The unusable serving frequency may become useable after applying FDM or TDM solution, or it may also become useable when LTE DL Rx signal strength becomes higher.



	Intel 
	LTE frequencies are unusable if there is IDC interference affecting LTE and/or ISM/GNSS. Such interference could be either ongoing interference or potential interference that can be predicted accurately by UE implementation.

	New Postcom
	Unusable frequency is the LTE frequency where the on-going/potential in-device coexistence interference between two technologies in the same UE cannot be solved by itself.

In our opinoion, the issue when UE sends the trigger is the different issue. W.r.t. the definition of unusable frequecy, it is not necessary to make more restrictions.


Proposed Way Forward

The scope of the received commets is much wider than the section topic. The following discussion and the proposed way forward will follow the scope of the corresponding section titles.
The first issue need to be clarified for unusable frequency definition is whether the definition of unusable frequency is based on ongoing interference or potential interference. Base on the observation of the received comments from each company, the following intentions could be observed.

	Unusable Frequency Definition
	Company
	#

	Base on ongoing interference
	Pantech, ZTE, LGE, Motorola Mobility, Nokia & NSN, Huawei & HiSilicon, Ericsson, InterDigital, Broadcom, NEC, Renesas, Alcatel-Lucent, MediaTek
	13

	Base on both ongoing and potential interference
	Qualcomm, Samsung, RIM, Intel, New Postcom
	5


Note that some companies does not exactly use the term “ongoing” in the comment, but the comment description seems assuming the ongoing interference is considered. For example, “exceeds certain threshold”, “cannot work simutaneously”, “cannot be used without TDM solution”, “cannot work or unacceptable IDC interference” implies the IDC interference is happening (i.e. ongoing) when considering the unusable frequency definition.
Proposal 1  An unusable frequency is a LTE frequency where the ongoing In-Device Coexistence (IDC) interference problem between the LTE radio and ISM radio exists within the same UE but cannot be solved by UE itself.
3 When does the UE Trigger an IDC Indication?
It had been discussed whether the IDC indication should be proactive or reactive since study phase. In [10], that the conclusion of “The baseline assumption is that the indication is triggered based on ongoing interference on the serving or non-serving frequencies, instead of assumptions or predictions of potential interference.” has been agreed. The essential question is how UE judge the IDC interference is currently ongoing and a frequency has become unusable (or whether more conditions should be taken into account) in order to trigger the indication.
	Company
	Comment on when does the UE trigger an IDC indication?

	Pantech
	 We prefer to be triggered based on on-going interference. If the trigger based on potential interference is thought really necessary and determined as an IDC problem trigger, then we prefer to be triggered based on in-device on/off or equipped/not-equipped. That is because it is quite simple trigger and efficient one on UE side. However, network side would have some resource restriction or waste.
 About trigger cell, trigger based on the serving cell would be preferred. We guess that the IDC interference on non-serving frequencies could be acquired by the indication.

	ZTE
	We prefer that IDC indication is reactive. 
The interference has to be severe enough for UE to trigger an IDC indication. Too often indications without limitation lead to unnecessary signalling overheads.

	Qualcomm
	We prefer to leave the trigger to UE implementation. This is related to the other question  “How can the UE evaluate the IDC interference from and to ISM” where we provide more explanation.

	Samsung
	We prefer the trigger to be based on UE evaluation as per UE implementation. Regarding misuse of this indication we think that it is not in the favour of UE to misuse it for a logical gain. Regarding too often indication related concern we think prohibit timer type mechanism can handle it very well.

	LGE
	In our opinion, the UE needs to trigger the indication when there is an on-going IDC interference. For example, the level of IDC interference is over a certain threshold. 

However, in order to control the threshold by the network as stated in following section 6, the UE may need to make the network know the occurrence of (potential) IDC interference prior to sending the above indication.

	Motorola Mobility
	We believe a measurement based approach, such as measurements during and in the absence of ISM transmissions are a useful basis to trigger IDC indication. This along with a prohibit timer should ensure appropriate level of signalling without unduly burdening the network. Whether the trigger is further controlled with a network provided threshold can be further discussed.

	RIM
	We think this question is related to measurement case, not the UE internal assessment case. We prefer that it basically does not need to specify and leave the triggering to the UE implementation, but if triggering can be effectively controlled by network and be used to prevent misuse, it could be further discussed.  

	Nokia & NSN
	We believe it can be left up to UE implementation (if we were to introduce triggers, we do not see how they could be tested anyway).


	Huawei & HiSilicon
	We prefer to leave the trigger to UE implementation. Especially, if we want to handle both the LTE and the ISM sides, we are not sure how to specify the trigger for ISM side in 3GPP. What we could do seems to commit the UE to the baseline assumption that the indication is triggered based on ongoing interference on the serving or non-serving frequencies, instead of assumptions or predictions of potential interference.

	Ericsson
	The network could utilize both proactive and reactive IDC indications. However, to avoid unnecessary actions from network side, the type of interference (on-going/predicted) could be indicated in the IDC message.

We consider that it cannot be left totally up to UE assessment to decide when to trigger IDC indication or not. If there are not any thresholds for IDC indication, it is hard to make sure that UEs trigger indication only when interference is “on-going”. Furthermore, “on-going” can mean many things, such as continuously on-going or discontinuously on-going (maybe a common scenario). 

	InterDigital
	Both triggers, on-going and potential, can be useful triggers to allow mitigation or prevention of interference by the network.  However, since the reaction from the network may depend on the type of the trigger, it can be useful for the UE to indicate what type of trigger is being reported. 

	Broadcom
	We agree with Ericsson that the network could utilize both proactive and reactive IDC indications. However, we also believe that it is up to the UE assessment when to trigger such an indication.

	NEC
	We prefer indication is based on ongoing interference and based on UE implementation. 

	Renesas
	We prefer the IDC indication should be based on UE implementation. The indication should be based on on-going interference or starting interference.

	Alcatel-Lucent
	IDC indication should only be triggered for on-going interference scenarios (serving as well as non-serving) and if the interference on LTE DL or ISM DL is deemed severe enough. If potential interference scenarios need to be supported for the eNB to setup further measurement configuration (e.g. mobility), it has to be clearly indicated that it is for potential interference scenarios

	MediaTek
	UE should trigger the IDC indication once the serving frequency becomes unusable due to IDC interference.
When the non-serving frequency is unusable but the serving frequency is usable, it is not necessary to trigger IDC indication. If proactive trigger is required (e.g. for ISM DL Rx problem), it should be differentiated from reactive trigger to prevent network confusion.



	Intel
	We prefer to leave the triggering to UE implementation.

	New Postcom
	We prefer to be triggered based on on-going interference. More restrictions, sucn as the threshold of the interference and timer are necessary.


Proposed Way Forward
The received comments for this section are quite diverse and difficult lead to clear conclusion. But it is observed the comments can be categorized into three directions:

· IDC trigger is totally left to UE implementation

· IDC trigger is left to UE implementation but test case is required
· Need to standardize measurement method for IDC trigger
In order to help RAN2 move forward, it is recommended to confirm the high level direction first before further discussion.
Proposal 2  RAN2 should decide the way forward before further discussion:

a) IDC trigger is totally left to UE implementation

b) IDC trigger is left to UE implementation but test case is required

c) Need to standardize measurement method for IDC trigger

4 Can the Network Trust the Assessment of the UE?
Two different directions on trigger indication had been discussed in RAN2, trigger indication purely rely on UE assessment and trigger indication rely on some defined procedure/measurement. During RAN2#76, it had been discussed  whether the network could trust the UE indication if it is purely rely on the assessment by UE and whether this may negatively impact to network operation (e.g. unreliable trigger or trigger misuse). The essential question is whether some test case would be needed to ensure the trigger reliability and verify the problem exists.
	Company
	Comment on can the network trust the assessment of the UE?

	Pantech
	 We think network could not trust the assessment of the UE. Any aligned information could not be achieved by fully UE implementation as a trigger condition because there is no specification which can regulate the alignment between network side and UE side trigger. For example, even though UE trigger for low IDC interference in a frequency, eNB should trust the assessment of the UE and the frequency with intolerable IDC interference. There is no regulation for this mis-alignment and hence the trigger would not violate specification on fully UE implementation.

	ZTE
	With no assistant information, the pure assessment at UE is not reliable. In this case, eNB has no way to acquire the real interference level; consequently the following IDC procedures may get totally redundant.
If leaving the IDC indication trigger purely to UE assessment, variant operations could be implemented by UE vendors. In wifi network, UE performs synchronization procedure with transmitting a probe request frame in active scanning mode whenever wifi AP is detected. IDC UE with wifi radio may treat UL transmission of “probe request frame” as a IDC trigger. Even though no real applications turned on, IDC patterns in LTE would be established, which causes unnecessary signalling overhead.

	Qualcomm
	This is related to the other question “Does the network need to know/control the threshold”. As explained later, it is not realistic to assume that eNB should be able to process the raw interference measurements and determine whether the other radio can achieve acceptable performance. Additionally, there are several scenarios where LTE DL measurements cannot accurated predict IDC problem. This means that it is better to leave the decision of IDC assessement to the UE. In any case, it is not in UE’s interest to send an indication unnecessarily since that would only hurt LTE performance in UE. Thus, the eNB should trust the assessment of the UE. 

	Samsung
	There are several situations when eNB can’t find out if UE is suffering from in-device interference or not. Also for band 7 and even for band 40 when only ISM DL is affected there is no way eNB can find it out. Since UE is in the best position to evaluate such situation it is better to trust the UE assessment as anyways it is not in the UE’s interest to misbehave. 

	LGE
	As a UE vendor, we have no strong opinion about the network behaviour.We think that without any control over the UE, the network may not have reliability for UE’s indication. This leads to an inappropriate handling of IDC problem by the network.

	Motorola Mobility
	In our view the issue is not whether the UE can be trusted. Bad implementations will lead to bad user experience and there is no use in spending time in a standards group identifying all the potential bad implementations. 

	RIM
	The only UE can know the Downlink status which is interfered with ISM device and the UE can make a decision if the IDC indication is necessary. With this situation, there is no way that the eNB does not trust the indication from the UE. Thus the eNB should take the UE assessment.

	Nokia & NSN
	As discussed in SI phase, UE assessment should be the baseline of UE trigger and since the eNB is not able to judge the interference, there is no other choice but to trust the UE.



	Huawei & HiSilicon
	It should be up to eNB implementation whether and how to react to the IDC issue indicated by the UE, regardless whether the network should trust the UE assessment. In this context, we are not sure whether this question would really make sense.

	Ericsson
	In general, the network cannot trust the assessment of the UE. The main question here is that the network should have understanding in which kind of situation the UE has triggered IDC indication so that it can operate the network in most efficient way. That is to say, the IDC indications from various UE implementations should be aligned to some extend. This could be achieved e.g. with test cases.

	InterDigital
	The UE is the only one that is aware of the on-going interference level and potential interference situation.  Even if the network receives interference measurements from the UE, these measurements doesn’t have much significance unless additional information such as when these measurements were taken (e.g. during interfered or un-interfered subframes), over what time period, on what technology etc.  Therefore, the network has to rely on UE assessment and potentially if it receives some additional information such as the type of interference and whether it DL or UL, it may use it to determine the best actions to take.  

	Broadcom
	We agree with Nokia on this answer.

Only the UE knows the actual interference level. It’s pointless to send any information to eNB about interference unless you also send over the complete spec of filters, receiver sensitivity, etc, etc. to eNB. Not even then can you guarantee that the eNB calculation is accurate.

Some companies are afraid that the UE can “lie” about the interference level. This is true, but there’s no difference if you let the eNB make the decision. The UE can still lie about the measurements.

As Motorola put it: “you cannot regulate bad implementations”.



	NEC
	We think there is no alternative to trust the UE as identified during the SI phase. A prohibit timer kind of mechanism can be used to avoid bad implementations. 

	Renesas
	Because UE is in the better place to determine whether there is IDC interference or not, we believe the network should trust UE’s assessment.

	Alcatel-Lucent
	We think that at least some form of test cases need to be defined to ensure consistency among the UE implementation so that there won’t be misused or sent unnecessarily.

	MediaTek
	If IDC trigger is reliable, network should trust UE assessment. A test case would be helpful to improve the trigger reliability.

If IDC trigger is unreliable, it is up to network implementation to truse UE assessment or not. But this may result in inconsistent network/UE behaviour and result in future IOT problems.



	Intel
	Although we believe that whether network can trust UE assessment is an implementation issue of network, we’d like to emphasize that it is better for the network to trust UE assessment for following reasons: a) There are no clear benefits for UE to misuse the in-device coexistence triggering. b) It is very difficult for eNB to decide whether UE really experience the in-device problem even if UE can provide extensive information to eNB. The reason is that whether UE really suffers from in-device problem is heavily implementation specific.

Regarding whether test cases can be added, our view is that it is difficult to define such tests cases considering that it involves other radios (like ISM/GNSS) which are not in scope of 3GPP. 

	New Postcom
	With the restrictions of section 3, we think it is better to trust the UE assessment.


Proposed Way Forward

According to the received comments, the following positions could be observed.
	Can the Network Trust the Assessment of the UE?
	Company
	#

	Yes
	Qualcomm, Samsung, RIM, Nokia & NSN, InterDigital, Broadcom, NEC, Renesas, Intel, New Postcom,
	10

	Yes (conditionally)
	Alcatel-Lucent, MediaTek
	2

	No
	Pantech, ZTE, Ericsson
	3

	Misc
	LGE, Huawei & HiSilicon, Motorola Mobility
	3


There are 12 companies think the network can trust the assessment of the UE, but most of them also made the comment concerning it is because eNB has no other choice or this requires reliable UE trigger. Therefore, RAN2 may assume eNB can trust assessment of the UE, where the condition is FFS. 
Proposal 3  The network can trust the assessment of the UE, where the condition is FFS.
5 How can the UE Evaluate the IDC Interference Level from and to ISM?

During RAN2#76, it had been discussed how does UE evaluate the IDC interference level from and to ISM. During study phase [11], it had been concluded that “When LTE UL transmission interferes with ISM/GNSS DL reception, LTE measurements cannot be used to detect the problem and the details of the trigger(s) for the UE to report the problem will probably not be specified in 3GPP.”. Therefore, the situation for the interference from LTE to ISM and the interference from ISM to LTE are different and need to be separately discussed.

	Company
	Comment on how can UE evaluate the IDC interference level from ISM?

	Pantech
	UE could evaluate the IDC interference level from ISM by average manner through comparing measurement results with and w/o IDC interference impact. Or UE could evaluate the IDC interference level from ISM directly by monitoring the transmission radio strength on ISM side. But we think this issue would be RAN4 issue and LS would be needed.

	ZTE
	UE should be aware of when ISM traffic happens and know the polluted subframes/symbols, which mean UE is able to perform measurement on those subframes/symbols to get the interference level.

	Qualcomm
	UE is indeed aware of the ISM traffic transmissions. It is up to UE to quantify the impact since measurements based on CRS alone may not be sufficient, especially with shorter bursts of ISM transmissions. UE could use any number of metrics such as interference level estimates, RSSI estimates, or error rate along with ISM traffic pattern to conclude that the IDC interference level causes unacceptable degradation. 

	Samsung
	UE is aware of ISM operation it’s frequency of operation and transmission power. Similary for LTE. Based on these there can be several ways how UE can asses the situation and can decide to report it to eNB. 

	LGE
	Since the measurement for IDC depends largely on the UE implementation, it is hard to define a specific measurement scheme. In order to detect the IDC interference better, UE may perform measurement on the subframes at which the ISM transmits.
However, for the conformability among different UEs, it seems to be necessary to LS to RAN4 for defining a requirement for triggering the indication.

	Motorola Mobility
	Comparing measurements in polluted and clean subframes can enable the UE to estimate interference as previously stated.

	RIM
	There may be an evaluation method(s) if the ISM device has periodic traffic pattern (e.g. eSCO/SCO) and the UE may be aware of the ISM device configuration such as operating frequency, channel and power which can give impact to the LTE device. And also the UE may know when the ISM device will be activating with internal assessment operation

	Nokia & NSN
	The UE being aware of ISM and LTE activity, it can use any mean(s) it sees fit to assess the severity of the interference.



	Huawei & HiSilicon
	Since the UE is aware of the ISM transmission, it is possible for the UE to apply many approaches to assess the interference level. We are not sure whether it is feasible to define a common measurement mechanism for various ISM usage/traffic modes.

	Ericsson
	The UE should be aware when and in which frequency ISM transmissions are performed. Then the interference level could be evaluated by estimating/measuring the interference based on knowledge of ISM activity.

	InterDigital
	The UE can use the knowledge of the ISM’s activity and take measurements on interfered subframes (e.g. subframes in which the other technology transmits) and measurements on the non-interfered subframes, to estimate the level of interference.  These measurements can also be reported to the network as part of the IDC indication.  

	Broadcom
	The UE should be aware regarding the frequencies used by the co-located ISM transmission/receiver and ISM activity. It is up to the UE to quantify the impact on each other and to determine when the level of interference becomes unacceptable. 

	NEC
	Since UE is aware of both ISM and LTE transmissions, it can use mechanisms to assess the interference level. It should be left to UE implementation to decide when the interference level is strong enough to declare coexistence problem.

	Renesas
	Although it’s unlikely for the UE to predict the exact subframes polluted by ISM, the UE could roughly know when the ISM traffic begins and ends. So based on measurements on subframes when ISM is ON and OFF and other self-assessment, it’s possible for UE to evaluate the IDC interference level.

	Alcatel-Lucent
	The UE can measure the ISM interference level caused to LTE DL since it knows the activity of both the ISM and LTE.

	MediaTek
	The UE can be aware of ISM and LTE activity for proper measurement or estimation. The detail should be left to UE implementation, only some high level clarification is required to facilitate the test case development.



	Intel
	Since there is internal coordination in UE side, UE implementation can use any suitable mechanisms to evaluate IDC interference.

	New Postcom
	UE should be aware of when ISM traffic happens and know which subframes/symbols are polluted. So it is up to the UE to quantify the impact on LTE.

We think only some common requirements to facilitate the test case developmen are required and this issue would be RAN4 issue. The details will be left to UE implementation.


Proposed Way Forward

The comments from most companies are quite aligned for this question, it is generally assumed that UE could be aware of both ISM and LTE activities for the evaluation on the IDC interference severity. There are some comments further clarified this could be realized by separating the clean/polluted subframes when evaluation, RAN2 may further clarify the detail assumptions to facilitate test case development.

Proposal 4  It is assumed that UE can be aware of both ISM and LTE activities for the evaluation on IDC interference severity
	Company
	Comment on how can UE evaluate the IDC interference level to ISM?

	Pantech
	UE could evaluate the IDC interference level to ISM directly by monitoring the transmission radio strength on LTE transmitter. But we think this issue would be RAN4 issue and LS would be needed.

	ZTE
	Other standard groups (BT-SIG, WiFi, GNSS)already have done a lot of work to avoid interference. The priority of this issue could be downgraded in 3GPP.

	Qualcomm
	Since UE is aware of all receive events on ISM, it can determine the impact caused by LTE. For instance, UE is aware of the impact to error rate or SNR degradation on ISM due to LTE. The specific radio technology implemented in the UE can determine the LTE impact with help from the internal co-ordination. We disagree that the evaluation of interference level to ISM is a RAN4 issue since it involves performance of a non-LTE technology. Also, interference avoidance techniques on other radios doesn’t completely solve the coexistence problem in several scenarios, for e.g. MiFi use case with simultaneous LTE and WLAN, BT Slave scenario with LTE+BT voice, etc. There is no interference avoidance technique for GPS receptions.

	Samsung
	Impact to ISM and its evaluation can be done by UE in any implementation specific manner. These technologies belong to other standards forum so we don’t think 3GPP can decide anything for this. 

	LGE
	As stated in TR, the evaluation of impact to ISM is out of scope of 3GPP. So, it seems that there is nothing to do in 3GPP

	Motorola Mobility
	We agree with ZTE.

	RIM
	As we stated above, the UE may be aware of the configuration of ISM device so that the UE could estimate how much impact will be given to the ISM device from LTE device. But this is out of scope in 3GPP because other standard committees (e.g. WiLAN, BT) have been working from point of their view to remove interference from LTE devices. 

	Nokia & NSN
	Out of 3GPP scope.


	Huawei & HiSilicon
	It should be left to UE implementation since this issue is concerning the ISM radio aspect and is out of 3PPP scope.

	Ericsson
	The main difference to previous scenario is that the 3GPP cannot know which level of interference on ISM reception is acceptable. Thus it is also hard to standardize any performance requirements. However, concerns of unnecessary triggers or incomplete information apply also to this scenario. Consistency in reporting need to be assured somehow.

	InterDigital
	This is similar to the previous case, where ISM is causing interference to LTE.   The ISM can make use of the knowledge of LTE activity to determine the level of interference However, such measurements are not standardized and not available to LTE and therefore the network has to trust the UE assessment.  

	Broadcom
	We expect the UE to work in coordination with the ISM device and therefore the UE should have means to identify when it interferes, or it may interfere with the ISM device. The level of impact (strength and duration) is dependent on the ISM technology. Although we agree with Ericsson’s position that it will be very helpful to have a consistency in reporting such events, we believe that this is dependent on different technology implementation.

	NEC
	Agree with Nokia and NSN.

	Renesas
	Although there is an interface between the LTE module and ISM module in the UE and UE could do some self-assessment to get the interference level from LTE to ISM, it seems this work is out of 3GPP scope.

	Alcatel-Lucent
	Same as our previous answer except that this is on UL LTE activity is affecting the ISM DL. However, as mentioned in the TR, it is out of scope of 3GPP. If this needs to be considered in the indication, then the consistent triggering of this among the UEs will be good.

	MediaTek
	This is out of 3GPP scope.



	Intel
	The evaluation can be done by UE implementation but the details are out of 3GPP scope.

	New Postcom
	This is out of 3GPP scope.


Proposed Way Forward

The comments to this questions are quite aligned, which can be concluded as following.
	How can UE evaluate the IDC interference level to ISM?
	Company
	#

	This is out of scope
	Qualcomm, Samsung, LGE, RIM, Nokia & NSN, Huawei & HiSilicon, NEC, Renesas, Alcatel-Lucent, MediaTek, Intel, New Postcom
	12

	This should be depriortized
	ZTE, Motorola Mobility
	2

	This is very difficult
	Ericsson, InterDigital, Broadcom
	3


Proposal 5  It is out of 3GPP scope to resolve the problem for UE to evaluate the IDC interference level to ISM  
6 Does the network need to know/control the threshold?

If the network could know/control the threshold for UE trigger the IDC problem indication, it may be able to have different ways to assist UE. The essential question may be whether the network may take different action if the level of UE IDC interference problem is different.
	Company
	Comment on “Does the network need to know/control the threshold?”

	Pantech
	 To our understanding, network-controlled threshold for mobility or power control would be required to achieve proper load balancing, cell coverage optimization, proper scheduling on network side. Also, It could prevent useless trigger of report. We guess that IDC problem itself is totally dependent on UE side, but the avoidance operation is closely related to above radio protocol (i.e. mobility or power control) as well. Thus, same reasoning for mobility or power control could be applied to network-controlled threshold for IDC trigger.

	ZTE
	Yes, network needs to know/control the threshold.
As mentioned in 4, purely relying on UE assessment causes unnecessary IDC signalling overhead.

	Qualcomm
	As mentioned in 5, in the scenario of LTE causing interference to ISM, the determination of IDC interference level is based on the ISM radio implemented in the UE. It is unreasonable to expect the eNB to be able to determine ISM performance if interference levels are sent to the eNB. In the other scenario of ISM causing interference to LTE, there are several situations where the measurements can simply not capture the IDC interference level. For e.g. if the WLAN bursts are short, then they may not overlap with the CRS symbols and so measurements will not capture IDC impact. Due to these complications , we believe the IDC message determination should be left to the UE and the network does not need to know/control any thresholds. 

	Samsung
	In theory even if it sound good that eNB control when you indicate in-device issue but in practice it is very difficult to achieve and more over for many cases it is not even possible to do it. In our opinion when some control can’t be used uniformly across all the situation then better we should not define it. Otherwise from UE implementation point of view there will be many different scenarios to handle and test for already a complicated situation. Also we don’t think there can be much gain in very tight control of threshold.

	LGE
	The behaviour of RRC connected UE is usually under the control of the network. In the same context, the network needs to know and control the threshold. 

The network behaviour seems to be different depending on the controllability of the threshold by the network. If there is no network control over the threshold, the network may take different measures depending on the reported threshold (level) of IDC interference problem. That is, the network may not perform FDM/TDM solutions for the IDC if the threshold is low. This result in more IDC indication signalling.
On the other hand, if the network controls the threshold, the network may always behave in a same manner. In other words, whenever the UE reports the IDC problem triggered by the threshold, the network takes FDM/TDM measures.

	Motorola Mobility
	The bigger issue will be on first agreeing on a mechanism to detect the ISM problem – if this can be agreed then there might be addiiotnal benefit in agreeing to a threshold.

	RIM
	According to frequency availability either of FDM or TDM can be chosen by eNB and one of possible TMD solutions can be mainly chosen based on traffic pattern. I guess this operation is not tightly coupled with several levels of threshold indication. Anyway, this is related to Section 3 and would be its next step discussion, After resolving of section 3, if threshold is really necessary, there could be several ways to resolve and make a conclusion on this question.

	Nokia & NSN
	We think that a network-controlled- threshold is not useful. As mentioned for question 5, IDC interference estimation should rely on UE decision, so network-controlled threshold is not helpful to UE judgement. In addition, for interference from LTE to ISM/GNSS, it would seem difficult for the network to set any threshold.

	Huawei & HiSilicon
	We think it is not feasible for the network to control the threshold for the ISM case. Whiles, if we only define a threshold for the LTE side, it does not seem to help too much.

	Ericsson
	As indicated in reply 4, it would be useful for the network to know how severe the interference situation is, especially when considering LTE DL reception. This concern does not relate purely to unnecessary signalling load but also inefficient network operation due to load on certain cells etc. To be able to control IDC report triggering with a threshold, there need to be performance requirements as well for triggers.

	InterDigital
	As previously mentioned, the network controlled threshold can only work for the case where ISM interferes with LTE.  Even in this case the threshold may be hard to be set as the interference level may vary according to ISM traffic and may occur in periods where the UE is not measuring the CRS of the serving cell.  

	Broadcom
	As we argue in previous answers we believe that a network controlled threshold is not useful.

	NEC
	We don’t think network controlled threshold is useful.

	Renesas
	As indicated in Sections 3 and 4, the UE is in the better place to determine whether there is IDC or not. As the IDC indication is up to UE implementation and network should trust the UE’s assessment, there is no need to introduce the threshold. Also, different UEs may have different interpretation about the cell specific threshold.

	Alcatel-Lucent
	It may be useful in the case where LTE DL is affected by ISM/GNSS UL. However, we first need to discuss whether there will be measurement.

	MediaTek
	This may be useful to help network implementation. But before discussing this issue, it is necessary to clarify if the measurement is performed.



	Intel
	As discussed in Question 2 and 3, we think that the UE internal assessment of IDC triggering is UE implementation specific, therefore we don’t think there is a single threshold to determine whether IDC triggering should be sent or not. Therefore we don’t think network-controlled-threshold is useful.

	New Postcom
	Yes, we think that network needs to know/control the threshold.


Proposed Way Forward

According to the received comments, the following positions could be observed.

	Does the network need to know/control the threshold?
	Company
	#

	Yes
	ZTE, LGE, Ericsson, New Postcom
	4

	Maybe
	Pantech, Motorola Mobility, RIM, InterDigital, Alcatel-Lucent, MediaTek
	6

	No
	Qualcomm, Samsung, Nokia & NSN, Huawei & HiSilicon, NEC, Renesas, Intel
	7


There seems no clear consensus on this question, it is recommended for RAN2 to further clarify more details for discussion.

Proposal 6  RAN2 should further discuss whether the network need to know/control the threshold  
7 Should the UE Indicate the Level of Interference Problem or Just that there is a Problem?
Along with previous question, maybe it is also unclear whether UE should indicate the level of interference problem or just there is a problem. This may be relevant to the operational flow issues discussed during RAN2#76.
	Company
	Comment on “Should the UE Indicate the Level of Interference Problem or Just that there is a Problem?”

	Pantech
	We prefer that UE indicate the level of IDC interference problem. If there is no discrepancy between measurement result with and w/o IDC interference impact, we wonder how to determine proper decision about applying TDM ICO or FDM ICO. FDM operation would become similar to handover or cell management procedure, which is closely related to mobility based on measurement. Without indication for the level of IDC interference problem, for the case that a UE is located closely to an eNB but strong IDC interference, eNB could not properly decide TDM ICO scheme need to be applied to the UE. If FDM ICO scheme is applied to the UE, UE would suffer from strong inter-cell interference or ping-pong handover.
The detailed signalling for the level of interference would be FFS.

	ZTE
	We prefer UE indicates the level of IDC interference problem. This information helps eNB to acquire real interference level to make decision. 

	Qualcomm
	As explained in the previous questions, we believe UE is in the best position to process the IDC interference impact. Hence, it should be sufficient to just indicate that there is a problem. 

	Samsung
	In our opinion all the TDM assistance and FDM assistance data should go together in the indication informing in-device interference issue. We think inherently FDM assistance information (i.e. which frequencies are unusable) provide interference severity level to some extent. For example if lesser number of frequencies are unusable then severity is low but if larger number of frequencies are unusable then severity is higher. This could be because ISM might be working in closer frequency and at high power.
Similarly TDM assistance information inherently provides some indicative severity level in time domain. For example if there are more number of LTE and BT collisions then lesser number of HARQ processes needs to be reserved for LTE operation and TDM pattern representing this information will give the severity level of time domain interference. Though eNB can roughly estimate the interference level based on UE provided FDM and TDM assistance information, but should be reasonable enough for taking any further decision by eNB.

	LGE
	We think it is enough for the UE to indicate the occurrence of the IDC problem based on the assumption that the network can control the threshold as mentioned in section 6. If the network is able to configure the threshold for the triggering the indication, the UE only sends the indication when the threshold criterion is satisfied. Thus, there seems to be no need to indicate the level of interference problem.

	Motorola Mobility
	The threshold if provided might be adequate.

	RIM
	We think interference is not negotiable and it is enough whether the accurate threshold level is passed or not if the accurate threshold is given by the eNB. If the interference is higher than the threshold level at the UE, eNB may allocate any solution based on IDC indication from the UE.  

	Nokia & NSN
	We believe it is enough to rely on the UE to only signal unsuable frequencies, possibly together with TDM assistance information.

	Huawei & HiSilicon
	We think whenever the UE send the IDC indication to the network, it implies that the UE cannot solve the IDC interference by itself. We do not see an obviously benefit for UE providing the exact level of the interference to the network. Besides, it seems difficult to develop a common mechanism on how to determine the level of interference for the ISM radio side.

	Ericsson
	It would be usable to get indication of the level of interference. This would help the network to decide if it is required to perform HO for the UE for other carriers or just continue on the current cell. If the signalling load becomes an issue, then it is better to control the trigger threshold by the network in advance instead of having the level in the report.

	InterDigital
	If a threshold is provided then the level of interference is not necessary.  It is sufficient to indicate that the condition has been met.  However, if for some networks the measurement level is deemed important then in order to have an accurate understanding of what these measurements mean, it may be necessary to define some requirements or understanding as to when these measurements are taken (e.g. as discussed above the measurement should correspond to measurements taken during interfered subframes).

	Broadcom
	We agree with Ericsson on this answer. It should be enough for the UE to signal that there is an IDC problem and to indicate the list of unusable frequencies and/or with TDM assistance information.

	NEC
	We think the message should include unusable frequency and/or TDM assistance information.

	Renesas
	We think just “there is a problem” indication from UE should be enough. The UE should report IDC interference when the UE cannot work properly with it. Once network receives this indication, some TDM or FDM solution should be provided. Hence, there is no need to indicate the level of interference. If the interference is moderate and theUE can tolerate the interference and thus doesn’t send an indication, the level of interference will become clear from the normal link quality reports.

	Alcatel-Lucent
	It may not be needed if a threshold is provided. An indication of the IDC problem is sufficient with the list of unusable LTE frequencies and TDM assistance information.

	MediaTek
	It is unclear how the network may react IDC indication reported by UE. If the network will not always help UE by FDM or TDM solution, this differentiation may be useful.



	Intel
	We think it is sufficient for UE to indicate that there is an IDC problem. Interference levels might not be needed since the assessment is left to UE implementation.

	New Postcom
	We think it is not necessary for the UE to indicate the Level of Interference Problem. Of course, the UE needs to send the assistance information on FDM and/or TDM solution.


Proposed Way Forward

According to the received comments, the following positions could be observed.

	Comment
	Company
	#

	UE should indicate the Level of interference problem
	Pantech, ZTE, Motorola Mobility, Ericsson, Broadcom
	5

	UE only need to indicate there is a problem
	Qualcomm, Samsung, LGE, Nokia & NSN, Huawei & HiSilicon, InterDigital, Renesas, Alcetel-Lucent, Intel, New Postcom
	10

	Misc
	RIM, NEC, MediaTek
	3


It seems like more companies think UE only need to indicate there is a problem rather than the level of interference problem, but there are still some misc by few companies. It is recommended for RAN2 to confirm if the conclusion is that UE only need to indicate there is a problem.

Proposal 7  RAN2 should confirm if UE only need to indicate there is a problem 
8 Conclusions

According to the observations over the comments from email discussion, RAN2 is requested to adopt the following proposals.
Proposal 1  An unusable frequency is a LTE frequency where the ongoing In-Device Coexistence (IDC) interference problem between the LTE radio and ISM radio exists within the same UE but cannot be solved by UE itself.
Proposal 2  RAN2 should decide the way forward before further discussion:

d) IDC trigger is totally left to UE implementation

e) IDC trigger is left to UE implementation but test case is required

f) Need to standardize measurement method for IDC trigger
Proposal 3  The network can trust the assessment of the UE, where the condition is FFS.
Proposal 4  It is assumed that UE can be aware of both ISM and LTE activities for the evaluation on IDC interference severity
Proposal 5  It is out of 3GPP scope to resolve the problem for UE to evaluate the IDC interference level to ISM  
Proposal 6  RAN2 should further discuss whether the network need to know/control the threshold  
Proposal 7  RAN2 should confirm if UE only need to indicate there is a problem 
9 References

[1] R2-115749
Triggers for IDC; Nokia Siemens Networks, Nokia.
[2] R2-115846
Further considerations on IDC indication; Huawei, HiSilicon.
[3] R2-116142
Triggering of In-device Coexistence Indication and Mobility; Motorola Mobility.
[4] R2-116091
Proposed LS to RAN4 for Trigger Indication; MediaTek, Motorola, ZTE, Pantech, New Postcom.
[5] R2-115750
Measurements for IDC; Nokia Siemens Networks, Nokia.
[6] R2-116175
Measurement schemes and report triggers for IDC; Renesas Mobile.
[7] R2-116274
Overall procedure and trigger indication for in-device coexistence; Intel.
[8] R2-116320
New measurement for detecting IDC interference, LG Electronics.
[9] R2-116048
Ping-pong HO issue in IDC; Pantech.

[10] R2-116510
Stage-2 agreements on signalling and procedure for interference avoidance for IDC; CMCC.
[11] TR36.816
Study on signalling and procedure for interference avoidance for in-device coexistence

1/16

