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1 Introduction
This is the email discussion report for RAN2 email discussion [77Bis #28] on IDC ongoing interférence. 
Scope: 
· Discuss what “ongoing interference” means and to come up with a guideline for the UE
2 Ongoing Interference
In RAN2 #77Bis following agreements were made related to IDC indication trigger [1].

	Agreements
1
IDC indication should be triggered based on ongoing coexistence interference on the serving or non-serving frequencies.

2
The IDC trigger is left to UE implementation and consequently no performance/core requirements for when the UE may send the trigger will be specified. 


The scope of this email discussion is what “ongoing interference” means and come up with a guideline for the UE:
	Company
	What does “ongoing interference” mean? 

	Pantech
	We guess that on-going interference means the situation in which UE may suffer from unsolvable IDC problem, which is represented as “coexistence problems become serious on the serving frequency due to e.g. increase of ISM traffic.” in TR36.816. Here, it can be seen that the on-going interference would be related to the activity of IDC problem (e.g. increase of ISM traffic). Further, even though too active IDC problem happen, if the strength of coexistence problem is not strong, UE may experience solvable IDC problem, not unsolvable. For this case, i.e. not strong but active IDC coexistence problem, IDC interference seems to be a kind of small thermal noise to LTE receiver side. So, we suggest seven cases for IDC problems as below;
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We think that on-going IDC interference is categorized by Case 1 and Case 3. That is, it means bursty and strong IDC interference. (We issued this in R2-112913 in detail.)

	Nokia & NSN
	For the serving frequency, we understand the IDC indication as a request for an IDC solution to be put in place. In that sense, there should be little ambiguity around the meaning of “ongoing”: the UE is suffering from IDC interference. For inter-frequencies however, this depends on whether the UE is able to assess the severity of the problem. Even though the UE is always aware of a possible ISM activity, judging whether it would require an IDC solution to be put in place could be difficult before a) having measurement gaps configured for that frequency, or even b) having LTE UL transmissions taking place on that frequency. For inter-frequency, a “might be ongoing” would therefore be more appropriate.

	LGE
	We think that the on-going interference needs to be evaluated in terms of time and quality. In other words, from our perspective, the on-going interference is thought to mean the case that a quality lower than a certain level due to the IDC interference lasts during a certain time. The above level and time may depend on UE implementation.
In terms of time aspect, it is hard to determine really interfering traffic of the coexisting technology in advance due to the uncertainty of traffic pattern, the frequency hopping and so on even though there is an internal coordination. So, signal quality is necessary to be verified through time. And, from the aspect of quality, the quality needs to consider the actual LTE receiving power from the network and the interference power from IDC. Only when the frequency becomes a serving or measurement for the frequency is performed, the LTE receiving power can be known. That means the quality of other frequencies except the above both cases, the quality of the frequency can not be determined surely, but only be surmised.
Thus, we think that in the strict sense, only when UE detects a quality lower than a certain level due to IDC interference lasting during certain duration on a serving frequency and the frequency that the measurement is performed, it can be said the frequency has on-going interference.

	Samsung
	On-going interference in case of serving frequency of LTE is interference caused by ISM to LTE or LTE to ISM/GNSS when they are engaged in active data exchange and UE itself is not able to solve the interference issue. Ongoing interference in case of non-serving frequency is interference caused by ISM to LTE or when this frequency becomes serving frequency then by LTE to ISM/GNSS. The notion of on-going interference is applicable over several subframes/slots where not necessarily all the subframes/slots are interference affected.


	Huawei & HiSilicon
	We originally talked about “ongoing interference” by contrast with “potential interference”. We understand that one of the main intentions of preferring ongoing interference to potential interference is to avoid the misuse/abuse of the IDC indication. In this context, it is straightforward that such an indication is triggered based on the significant IDC interference that is currently taking place. However, since it is up to UE implementation how to evaluate the severity of a particular IDC interference (e.g. power domain and/or time domain), it is indeed possible that the UE triggers such an indication basing on a significant IDC interference that is definitely upcoming in the most immediate or on a significant IDC interference that is discontinuous in the time domain.

Considering that RAN2 already agreed the trigger of the IDC indication is left to UE implementation, it is also difficult to test or verify whether the UE triggers such an indication is based on ongoing interference or potential interference. 

Therefore, we regard “ongoing interference” as a general guideline with some flexibility in the implementation and think it might not necessarily require an exact definition or explanation for the meaning of the term “ongoing interference”. What we might keep in mind is that any media sharing solution will come at a cost for LTE, which has been confirmed in the study item phase, so a misuse/abuse of IDC indication should be avoided in a well-designed UE implementation.


	CMCC
	In our understanding, original definition of ongoing interference is that there are serious interference problems on the serving/non-serving frequency that cannot be solved by the UE itself. During the discussions happened in the last meeting, some companies expressed the concerns about the behaviour that the IDC indication is only allowed to be sent after the UE is experiencing serious coexistence problems. In this case, it is likely that UE has to continuously perform ISM denial to wait for subsequent configuration or command from the LTE network, e.g. configurations for further measurements or temporary TDM solution, which results in large delay and poor UE experence. We think that if the UE surely knows that the coexistence problems will become serious very soon (e.g. in upcoming tens of milliseconds), it makes sense to consider such kind of interference as ongoing interference. RAN2 is kindly asked to discuss how to capture this in the specification.

	ZTE
	Based on the discussion in last meeting, the ambiguity of “on going interference” is whether UE could trigger IDC indication for immediately upcoming IDC issue. We see some benefit for UE to report IDC indication if IDC problem will definitely happen as mentioned by CMCC. 
The difficulty is how to define “upcoming IDC issue” and how to capture it in RAN2 spec. Eventually the whole “IDC indication trigger” procedure might end up with “UE implementation”.

	Qualcomm
	We also agree with the view that “ongoing interference” should be regarded as a general guideline only. With that in mind, ongoing interference should refer to scenarios when an aggressor radio is in operation and is causing interference at a frequency where the victim radio could possibly be operating. Since the UE is aware that operation of aggressor and victim radios is going to continue and UE is not able to solve the interference problem on its own to satisfy each radio, it knows that the interference problem will continue to occur even if the reception intervals of victim radio (such as LTE subframes/BT slots/WLAN packets) do not coincide with the aggressor transmissions all the time. 

The above formulation allows ongoing interference to be considered as occuring on either serving or non-serving frequencies in LTE. It also includes other cases such as when BT is going through connection-setup and UE knows that without IDC solution, LTE interference would definitely impact upcoming BT activity. 

	Broadcom
	Based on the current agreement the “ongoing interference” should be regarded as a general guideline only. 

Under this assumption we also agree with CMCC that besides the obvious scenarios, the term should also cover situations in which the UE knows that coexistence problems may occur in a short interval.

	APPLE INC.
	We agree that the on-going interference may include either existing inter-radio interference condition or anticipation of an upcoming interference condition triggered by some inter-radio advanced notification signalling mechanism. If the UE measures and reports IDC conditions to the eNB at periodic or non-periodic intervals, and if either of the above conditions (existing or upcoming as long as the beginning of the other radio’s activity is earlier than the next reporting opportunity) exists, the UE should report an on-going IDC condition to eNB.

	MediaTek
	“Ongoing interference” should be regarded as a general guideline only, it is difficult to have clear definition in specification without corresponding test case. Without test case, network will anyway not sure how exactly UE make the trigger decision, this can only be left to UE implementation for Rel-11.

	Alcatel-Lucent
	We agree that such definition is going to be only a guideline, but we feel that it has to be something meaningful to the network what such indication means. If we allow upcoming interference as a possible ongoing interference, the question is when will the UE triggers such indication. If it is too late, then it will not help as the UE may still have to perform many ISM denials. If it is too early, then it will impact system performance. But it maybe argued that the UE will not do this. Some guidance on the time that such indication is triggered will be useful for the network. Also, without some guideline, we are not sure if the UE implementations will be consistent.

	Pantech2
	We also agree with “ongoing interference” should be regarded only as a general guideline since test cases and requirements are not defined so far in current status. In our illustrated figure, there is not defined as thresholds for strength and activity of IDC interference and somehow those might depend on UE implementation. The classification only said a general guideline for severe and unsolvable IDC interference situation. As CMCC and ZTE points out, when ongoing IDC interference happening, a UE would suffer from continuous HARQ packet errors or denials due to IDC affection. We think a general guideline for “ongoing interference” could be captured by description about the interference aspect (i.e. bursty and strong) and influence (i.e. continuous HARQ packet errors and denials).

As NSN&Nokia’s viewpoint, non-serving frequency would not be related to influence of IDC interference. So, “might be ongoing” term would be appropriate and, however, IDC interference aspect would be similar to on serving frequency.
Hence, we suggest the following sentences;

“On-going IDC interference means bursty and strong IDC interference on serving frequency or non-serving frequency. Regarding to serving frequency, it would cause severe performance degradation (e.g. many continuous HARQ packet errors or autonomous denials) on LTE or ISM reception. Severity of degradation depends on UE implementation.”

	Intel
	We share the view that the definition of “ongoing interference” should be considered as guideline only since we have already agreed that IDC triggering is left to UE implementation. 
We also agree with CMCC that if UE can accurately predict upcoming in-device interference, such interference can be considered as ongoing. The benefit is that the impact on LTE/ISM QoS can be minimized.

	RME
	Ongoing interference refers to situation where UE’s LTE/ISM transmitter is causing intolerable in-device interference to UE’s ISM/LTE receiver on at least one of its serving carriers and the UE is not able to solve the problem without network assitance. The definition of the ongoing interference should only be considered as a guideline for UE implementation.

	RIM
	As we expressed in the last meeting, because RAN 2 has two triggering conditions (measurement and the UE internal coordination), the potential interference needs to be considered as a part of on-going interference. Through the UE internal coordination, the LTE device may have ISM traffic’s information such as when it will be enabling and how much power level it will be transmitting, etc…) So in case of best scenario, the UE may have a solution before enabling of ISM device without any denial of ISM traffic. And the UE may send an IDC indication with cancelling indication to the eNB when the ISM device cancels the future action etc.) 

Because we now agree that the triggering is left to the UE implementation, we may not specify what “on-going” interference means. Thus, it could be general guide line, but “on-going” interference needs to include “currently being interfered” and “anticipating interference” situation. 
On-going interference is then considered on-going when the UE either;

· Detects the occurrence of IDC interference to received communication that is causing reduced throughput and increased re-transmissions

· Or the UE can reasonably predict that such impairment to communication would occur if the current communications were to be continued



	Ericsson, ST-Ericsson
	Even the definition of on-going interference would only be a guideline, a common understanding when the IDC indication should be triggered is useful both for UE and network side.

We consider that “on-going interference” means that there is a strong continuous or semi-continuous interference occurring currently in a serving and/or non-serving frequencies that cannot be solved by the UE itself. In the case of serving frequency, also the interference that is expected to occur with a high probability in near future (0-200 ms) can be considered.



	Fujitsu
	The “ongoing” interference can be described by “assessable” and “unsolvable”. 

1) Assessable:

Since the IDC trigger is left to UE implementation, the guideline can be defined based on the UE’s evaluation capability. One case is that the UE can exactly detect the IDC interference on the serving and non-serving frequency according to, e.g., the interfering power, traffic volume, and some other internal assessment methods. Another case is that the UE can exactly predict the potential interference on the serving and non-serving frequency. As mentioned in RIM’s contribution (R2-121286), the UE may have the capability to predict that the IDC interference can be detected in the future through internal coordination. Thus, in this case, the IDC indication should indicate the time instant that the IDC interference can be detected. 

2) Unsolvable:

In our understanding, the “ongoing” interference should indicate that the UE cannot solve the interference by itself, no matter for the detected or predicted interference. Thus, the “unsolvable” can be a suitable description.

In summary, the “ongoing” represents something is taking place. However, as mentioned above, the predictable interference may be also regarded as “ongoing”. Thus, we prefer to change “ongoing” to “assessable and unsolvable”. Moreover, the guideline of determining the “assessable” interference should be based on UE’s evaluation capability.


3 Conclusions

Conclusion to be added...

A guideline for the UE for what “ongoing interference” means:
............................................

............................................

Rapporteur’s summary of discussion:
Ongoing Interference:

Most companies agree that the term ongoing interference should be treated as a general guideline to allow flexibility in UE implementation trigger for IDC indication to eNB. 

The notion of on-going interference is applicable over several subframes/slots where not necessarily all the subframes/slots are interference affected.
LTE Serving frequency:
In the context of serving frequency the notion of ongoing interference is straightforward. Most companies agree in case of serving frequency, ongoing  interference is caused by aggressor radio to victim radio within the UE when both the radios are engaged in active data exchange over their respective air-interfaces and UE itself is not able to solve the interference problem. This also includes the situation where the UE surely knows that the coexistence problems will become serious very soon (in upcoming tens of milliseconds eg. BT connection set-up).

LTE Non serving frequency: 

In the context of non serving frequency the notion of ongoing interference is kind of anticipation of interference problem. This includes the situation where the UE surely knows that the coexistence problems will become serious if it is handed over to non serving frequency. This also includes the situation where the UE is sure that when it is handed over to non serving frequency the LTE radio will become aggressor if not necessarily the victim.
Based on the above summary as rapporteur, the following highlighted text proposal is suggested for Stage-2 CR

*************************Start of text proposal**********************************
23.X
Interference avoidance for in-device coexistence
23.X.1
Problems
In order to allow users to access various networks and services ubiquitously, an increasing number of UEs are equipped with multiple radio transceivers. 
………………………….

…………………………

23.X.2
Solutions
When a UE experiences a level of IDC interference that cannot be solved by the UE itself and a network intervention is required, the UE sends an IDC indication to report the problems. The details of the indication trigger are left up to UE implementation but it may rely on existing LTE measurements and/or UE internal coordination. The indication should be triggered based on ongoing IDC interference on the serving or non-serving frequencies, instead of assumptions or predictions of potential interference. For serving frequency, ongoing interference relates to interference caused by aggressor radio to victim radio during active data exchange and in situations where upcoming data activity is expected in the inactive radio in very short duration. For non serving frequency, ongoing interference is kind of anticipation that UE is sure that the LTE radio may either become aggressor or victim if it is handed over to non serving frequency. To assist the eNB in selecting an appropriate solution, all necessary/available assistance information for both Frequency Division Multiplexing (FDM) and Time Division Multiplexing (TDM) solutions is sent together to the eNB in a dedicated RRC message. This message can also be used to update the assistance information, including for the cases when the UE no longer suffers from IDC interference. A prohibit mechanism is used to restrict the interval at which the UE sends the message.
NOTE:
It is FFS whether the network indicates via dedicated signaling if the UE is allowed to trigger and send an IDC indication. It is also FFS whether the network indicates for which frequencies the UE may trigger an IDC indication and if so, how this information is provided.
NOTE:      It is FFS whether a general message needs to be introduced to host also other indications (e.g. MBMSInterestIndication).
NOTE: Ongoing interference is applicable over several subframes/slots where not necessarily all the subframes/slots are interference affected. The term ongoing interference should be treated as a general guideline during UE specific implementation trigger for IDC indication. 

………………….

…………………..

In case of inter-eNB handover, the assistance information is transferred from the source to the target eNB. 
*************************End of text proposal**********************************
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