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1 Introduction

In the previous RAN2 meetings, the in-device coexistence interference issue was discussed and some possible scenarios and solutions were introduced in [1]. In this paper, based on previous conclusions we do the further work on the details of in-device interference on following issues:
· How to detect the occurrence of interference?

· Can all modes be suitable for all scenarios?

· The details for TDM solution.
2 Discussion
2.1  How to detect the occurrence of interference
Currently, there are two options to let eNB/UE to know the occurrence of interference:

· Option 1: Detection based on current RRM measurement (RSRP/RSRQ);

UE/eNB may determine if the interference occurs by current RRM measurement in case 2 [1]. However, it is difficult for UE/eNB to judge whether it is system interference or in-device interference only based on RSRQ/RSRP. Therefore, it is difficult for eNB to avoid ping-pong. In addition, this option can not determine the interference in case 1/3/4 [1]. And it can only be used when interference is indeed serious. Obviously, it is very limited solution.
· Option 2: explicit signalling indicator; 

In this option, UE sends a message to eNB to indicate the in-device interference when UE determines in-device interference may occur. The option 2 is clearer than option 1. UE/ eNB can know if in-device interference may occur even the interference does not occur. However, it needs the coordinator between LTE part and second radio within the UE. And it needs the new message between UE and eNB. In order to solve all issues by the same solution, we think option 2 is better. Therefore, we propose:
Proposal 1: Introduce explicit signalling to indicate the occurrence of in-device interference
2.2 Analysis on modes of interference avoidance
In [1], the modes of interference avoidance are divided into uncoordinated mode, coordinated within UE only and coordinated within UE and with network. In this subclause, we analyse the issue whether all modes are suitable for all scenarios?
2.2.1 Uncoordinated mode
As description in [1], in this mode, different technologies within the same UE operate independently without any internal coordination between each other [1]. 

Therefore, in this mode, the UE and eNB can only detect the in device interference by current RRM measurement. As analysis in 2.1, this mode can only work for case 2. For connected mode UE, only RLF or HO can be used. For Idle mode UE, only cell re-selection can be used. However, it requires the operator has more bands/RATs. 
Even for case 2, this mode can not solve the issue perfectly because:

· the RRM measurement may not provide sufficient information to assist eNB to determine the in-device interference;
· RLF/HO solution will impact user experience seriously;
2.2.2 Coordinated within UE only
As description in [1], in this mode, there is an internal coordination between the different radio technologies within the same UE, which means that at least the activities of one radio is known by other radio. However, the network is not aware of the coexistence issue possibly experienced by the UE and is therefore not involved in the coordination.
In this mode, UE can know if the in-device interference occurs exactly. However, the eNB can not know this. The eNB can only know if the interference occurs by RRM measurement. But, the eNB can not distinguish if it is caused by in-device interference or not. 

For Idle mode UE, UE can solve in-device interference issue for all scenarios itself, e.g by UE coordinator implementation or cell re-selection. The UE know the work occasion for two systems clearly, therefore the UE can avoid collision itself. For connected mode UE, except “Move ISM Radio Signal away from LTE Frequency Band” solution, UE can not solve the issue itself because it is controlled by eNB. UE has to monitor PDCCH continually except DRX case, therefore second radio can not work even UE knows the situation exactly. For “Move ISM Radio Signal away from LTE Frequency Band” solution, it might work if UE Wifi is as AP. However, it needs RAN4 simulation to prove if it can work well. Similar to uncoordinated mode, for connected mode UE, only RLF or HO can be used so far. And this mode can only work for case 2.
Note: if RAN4 prove “Move ISM Radio Signal away from LTE Frequency Band” solution can work well, the mode can work for all cases.
2.2.3 Coordinated within UE and with network
As description in [1], in this mode, different radio technologies within the UE are aware of possible coexistence problems and the UE can inform the network about such problems. It is then mainly up to the network to decide how to avoid coexistence interference.
Obviously, it is perfect solution. UE can notify the network about the possibility of in-device interference. Network can know the interference exactly. This mode can solve the issue in all scenarios. For Idle mode UE, UE can solve in-device interference issue for all scenarios itself, e.g. by UE coordinator implementation or cell re-selection.  The UE know the work occasion for two systems clearly, therefore the UE can avoid collision itself.  For connected mode UE, the eNB can choose the suitable solution itself, e.g. eNB allocates the idle time for second radio or HO.  “Move ISM Radio Signal away from LTE Frequency Band” solution may be used if RAN4 prove it can work well.
We summarize the above analysis in table 1:
Table 1: analysis on modes of interference avoidance
	Mode
	Suitable scenario
	Possible solution

	Uncoordinated mode


	case 2: ISM radio Tx causing interference to LTE Band 40 radio Rx;
	Idle mode: cell re-selection;

Connected mode :RLF/HO ;

	Coordinated within UE only
	Idle mode: all cases;

Connected mode: case 2 so far.
	Idle mode: UE implementation, e.g. by UE coordinator implementation or cell re-selection;
Connected mode :RLF/HO ;

Need RAN4 input to check if “Move ISM Radio Signal away from LTE Frequency Band” solution can work?

	Coordinated within UE and with network
	All cases;
	Idle mode: UE implementation, e.g. by UE coordinator implementation or cell re-selection;
Connected mode :all possible solutions, e.g. eNB allocates the idle time for second radio or HO,;

Need RAN4 input to check if “Move ISM Radio Signal away from LTE Frequency Band” solution can work?


From above analysis, only mode 3 can work for all cases, therefore, we propose that:

Proposal 2: adopt Mode 3 as baseline mode for further work.

2.3 The details for TDM solution

As description in [1], it consists in ensuring that transmission of a radio signal does not coincide with reception of another radio signal. That is the different system works in different time. Obviously, TDM solution can only work in coordination method. Following, we analyse TDM solution based on coordination method.
The figure 1 presents a possible procedure:
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Figure 1: possible procedure for TDM solution based on coordination mode
In figure 1, only step 1 and 2 are related to 3GPP. The main issue is how to design the “special scheduling method”? 
There are two possible solutions:

· Solution 1: reuse current measurement gap configuration;

In this solution, second radio can work in the duration of gap. The UE LTE part needs to notify the UE second radio part about gap configuration, and which time the UE does not perform inter-freq/RAT measurement. 
The benefit is that we do not need to introduce extra mechanism for TDM. 
Considering there are only two gap patterns, 40ms or 80 ms, such longer period is not applicable for the low delay service, e.g. BT as earphone for voip. And we only have 6ms gap, it is not suitable for the long duration service, e.g. GPS.  Therefore, we think it is difficult to extend current measurement gap mechanism to satisfy the requirement of TDM solution.
· Solution 2: reuse current DRX mechanism;

In this solution, second radio can work in the sleeping time. The UE LTE part needs to notify the UE second radio part about DRX configuration. And when the UE enters the LTE DRX sleep time, the LTE radio should sends one indicator message to the second radio, and includes the available sleeping time within the current DRX cycle. And then the second radio can work in the indicated sleeping time. Considering DRX-Cycle is from 2ms-2.56s, it can be used for all services. We think DRX mechanism is a good solution for TDM. Therefore, we propose that:
Proposal 3: Adopt DRX mechanism as baseline for TDM solution.
However, there are some issues need be further considered. 

· Possible measurement action during the DRX sleeping time
In this case, UE may need to consider such sleeping time as unavailable working time, i.e. the indicated available working time on the second radio should not include the measurement time if the periodical measurement will be performed in the whole sleeping time of the current DRX cycle. The details can be FFS.
· Possible SR triggered during the DRX sleeping time

The SR is possibly triggered during the sleeping time of the current DRX cycle; it may be avoided by UE itself. The details can be FFS.
Therefore, we suggest:

Proposal 3bis: For DRX solution, the detail issue about the measurement and SR sending during the sleeping time can be FFS.
3 Conclusion

In this contribution, we discuss the details on in-device interference and provide the following proposals:

Proposal 1: Introduce explicit signalling to indicate the occurrence of in-device interference
Proposal 2: adopt Mode 3 as baseline mode for further work.

Proposal 3: Adopt DRX mechanism as baseline for TDM solution. 
Proposal 3bis: For DRX solution, the detail issue about the measurement and SR sending during the sleeping time can be FFS.
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