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1 Introduction

The in-device interference problems due to concurrent multi-radio operation and potential solutions have been discussed as part of the RAN2 study item. A technical report identifying the in-device interference scenarios and proposed solutions has been prepared in [1] as an outcome of the discussions. The following use cases have been identified in [1] as being important for multi-radio operation. 

1) LTE + BT earphone (VoIP service)
2) LTE + BT earphone (Multimedia service)

3) LTE + WiFi portable router
4) LTE + WiFi offload
5) LTE + GNSS Receiver
The set of interference avoidance solutions can be categorized into FDM, TDM and power control solutions. In this contribution, we show the need for each one of the solutions to be included in the associated Work Item. The goal is to point out the situations where each of the proposed solutions is better than the others while also showing that any of the proposed solutions cannot be preferably applied to all scenarios.
The applicability of FDM, TDM and power control solutions are presented below in Sections 2, 3 and 4, respectively.
2 Applicability of FDM solutions

This class of solution involves increasing the frequency separation between LTE and interfering technologies. The –main solution technique in this class is inter-frequency handover. It is applicable to all use cases listed above as long as a coexistence interference-free alternate frequency is available. However, in the absence of an interference-free or usable alternate frequency and RAT, this solution can not be applied. Some examples where this solution cannot be applied are 
1. LTE in Band 40 in India with ISM, where only a single LTE channel is available to one operator in any geographical area
2.  LTE in Band 7 in Germany with ISM, where only a single LTE 20MHz channel is available.
3. WLAN in lower 20MHz of ISM band such that the entire Band 40 becomes unusable for LTE

4. LTE in Band 13/14 with GPS, where the bands are narrow (less than 20MHz). 

Either TDM or power control solutions are required for such scenarios. Even in cases where an FDM solution is possible, loading, cell quality or data rate requirements may prevent use of alternate frequency carriers/resources. A user forced into using a lower quality alternate frequency may lead to inefficient use of resources on that frequency leading to lower network capacity. 
3 Applicability of TDM solutions

This class of solution involves sharing of time resources between LTE and interfering technologies. As discussed in Section 2, there are situations where an FDM solution is not applicable and so a TDM solution is required. 

There are several types of TDM solutions depending on the time scales of sharing. Long-term time sharing in order of 10s of ms is achieved by DRX-based solutions. Short-term time sharing in order of a few ms is achieved using HARQ-gap patterns. Autonomous denials is a time-sharing solution to occasionally prevent certain LTE transmissions to protect rare critical events in other technologies (such as WLAN beacons).
For use case 1) with mixed traffic on LTE such as voice and data, short-term solution based on HARQ gap pattern is required since the long-term DRX based solution cannot meet the stringent latency constraints of BT voice. 
For use case 2) involving LTE with BT A2DP traffic for multimedia, short-term gap pattern may work when BT is a Master as discussed in [2]. However, when BT is a Slave, the polling pattern is not fixed or known and it is not guaranteed that short-term gap patterns will work. In this case, a long-term DRX based solution is required to provide sufficient polling opportunities for BT slave. The long-term DRX solution is feasible due to the relatively less stringent latency requirement for BT multimedia traffic compared to voice. 
For use cases 3) and 4) and LTE in Band 40, it is possible for WLAN to make use of short-term gap patterns in LTE. However, this would be inefficient compared to long-term DRX solution due to the following reasons 

· Higher overhead associated with contention resolution each time during the small LTE gaps
· With DRX solution, WLAN can go into active mode during LTE inactive time whereas with short-term LTE gaps WLAN has to use PS-Poll mechanism which has significantly smaller throughput

For use case 5), short-term gaps would be preferable to long-term DRX (such as 10ms every 20ms) since they support any LTE QoS traffic and also can avoid the overhead of starting and stopping long-term gaps in DRX. 
A summary of applicability of the proposed TDM solutions to each use case is provided in Table 3‑1
3‑1: TDM solutions for different use cases
	
	LTE+BT voice
	LTE+BT multimedia
	LTE+WiFi Portable Router
	LTE+WiFi offload
	LTE-GNSS

	Short-term HARQ gap patterns
	Required
	Possible for BT Master; Not applicable for BT Slave
	Possible but not preferred
	Possible but not preferred
	Possible and preferred

	Long-term DRX
	Not applicable
	Required for BT Slave
	Possible and Preferred
	Possible and Preferred 
	Possible 

	Autonomous denial
	Complementary solution for important rare signalling


4 Applicability of Power Control Solutions

This class of solution involves the UE lowering its transmission power while being served in the same carrier. Either UE can lower its power and inform eNB using existing mechanisms (PHR, ePHR) or enhanced reporting may be considered. 

In situations where a small amount of power reduction is sufficient to mitigate the coexistence problem, power control can be more efficient than TDM solutions, for example LTE in Band 7 with BT (use cases 1) and 2) ). Specifically, it is shown in [3] that a 2ms gap every 4ms for LTE enables BT eSCO operation for both master and slave. This would, however, lead to a 50% loss in peak UL and DL throughput. On the other hand, a small power backoff (when LTE is in Band 7) can instead mitigate the interference to BT with less than 50% peak throughput loss for this UE.
Additionally, power control solutions are simpler than TDM since they don’t require any special scheduler restrictions. Since the coexistence changes are being targeting for Rel. 11, the power reduction signalling techniques that are already in Rel. 10 can also apply.  
However, power control solutions cannot be applied for link budget limited UEs that need the current power to close the link. Even if the user is not link budget limited by itself, the required power reduction can cause the UE to become link budget limited or go into outage (ex. LTE in Band 40 with BT). Additionally, power control solution may impact the network capacity if the resources assigned to the UE increases after power reduction. Of course, in the special scenario of a proportional fair scheduler with only full buffer users, there are no additional resources needed for the coexistence user.  
The power reduction on LTE side can only mitigate the interference caused by LTE to the interfering technology, as is the case for LTE in band 7 and ISM. If the other technology is causing interference to LTE, then LTE power reduction alone does not solve the coexistence scenario.
5 Conclusion

The applicability and need for each of the interference avoidance solutions proposed in [1] has been provided. 
Proposal: Agree that all the solutions categories listed here for FDM, TDM and power control are necessary and should be considered in the Work Item.
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