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1 Introduction

In this contribution, we provide a high level analysis on the use cases for IDC interference avoidance mechanisms together with some related aspects. The use cases and solutions are taken from TR 36.816 [1]. In the last meeting a contribution with the same title was presented [2]. The present contribution can be seen as a continuation of the analysis and further progressing a way forward.
Section 2 describes some aspects of IDC interference avoidance from both an operator and service provisioning point of view. Based on these aspects we suggest a way forward for the standardization of IDC interference avoidance mechanisms to solve important use cases. This is summarized in Section 3.
To give some background for the issue; it is not obvious what is needed in the area of interference management since this depends very much on operator deployments. Many issues can be solved by a proper deployment planning as well as good device implementation, but these aspects are outside of 3GPP control. RAN4 has so far concluded (captured in Annex A of TR [1]):

· For some in-device coexistence scenarios, the interference can severely disrupt receive activities in the entire victim band. For these scenarios, frequency-domain solutions such as moving to different frequencies or filtering may not be feasible. 

· For other in-device coexistence scenarios, frequency-domain solutions can sufficiently suppress the coexistence interference. 

· LTE transmit power control (typically power level below the maximum 23dBm) can help mitigate/reduce the coexistence interference to ISM receptions.
RAN4 does not presently provide any clear directions how to solve IDC interference problems. There is still some work to be done with RF-aspects which is RAN4 area of expertise. Also, in the radio design of a device susceptible for in-device interference, the way how critical components are implemented, needs to be carefully considered. It should be assumed that in devices where e.g. Bluetooth and LTE could interfere, better internal RF-protection mechanisms than regular ones could be used. We should expect that some further work would be needed in RAN4 to consider coexistence in case of simultaneous use of multiple radios. If there is no guidance, spectrum efficiency will vary between implementations which would affect LTE network performance and handling of the various devices (UEs) in the network.   
2 Discussion
2.1 Services/Usage scenarios vs. used radio technologies

The TR [1] describes usage scenarios in Section 4.2. In Table 1 below, a mapping of possible services to radio technologies within a device is depicted. Only the use cases VoIP services (1a), multimedia services (1b) and WiFi off-load (3) have been considered. The case where the device also acts as a router is not addressed, as this would provide even more possible combinations as there would be multiple users and multiple services expanding the mapping space. Furthermore, adding a router use case would not change the conclusion. Regarding the LTE/WiFi router case, where WiFi is the access point, as identified in the TR, it can be noted that the WiFi channel should be moved as far away as possible from the LTE band allocation/frequency carrier.
Table 1: Usage scenarios of services and radio technologies
	Service
	Radio technology
	Comments

	
	LTE
	WiFi
	Bluetooth
	

	Audio
	X
	
	X
	

	Audio & “Web-surf”
	X
	
	X
	Audio and surf over LTE (BT to ear)

	
	X
	X
	X
	LTE audio with BT to ear; WiFi Web-surf (offload)

	Multimedia
	X
	
	X
	When multimedia (no Web-surf) is on going. However background file download may occur but is not considered here.


As shown in Table 1, the set of usage scenarios and thus the possible set of solutions can become very large as it may include simultaneous use of LTE, WiFi and Bluetooth. However, such use cases have not been discussed/analysed in the TR but should be taken into account when consider the feasibility of solutions as already indicated in [2]. However, it can be questioned if all use case combinations are relevant (e.g. as shown in Table 1). Simultaneously applying multiple solutions cannot efficiently be done. So for instance, supporting simultaneous VoIP over LTE and BT and at the same time doing WiFi off-load could become very difficult as they have different requirements in timing etc. 

Proposal 1: The prime focus should be to support data communication over one type of ISM radio at the time when also LTE is active. 
2.2 Coordinated or non-coordinated radios

In general 3GPP specifies LTE being able to serve the users with LTE services. Thus we should make sure that LTE can function. In the TR, Section 5.1.1.2-3, a number of modes are listed defining the coordination level of different radios. In an uncoordinated device more interference avoidance would be needed from LTE side since there are no possibilities to e.g. control (e.g. turn off the other radio) and shift radio. Thus, the preferred device implementation from a 3GPP UE-service centric view is a “coordinated” implementation since in this approach it would be possible to control the usage and interaction of different radios and get additional information about usage of them. Because the impact on LTE might be considerably less in case also the ISM technologies implement coexistence mechanisms, it is suggested to also take this into consideration when specifying what is required for LTE.

Proposal 2: Coordinated radios in a device (UE) should be assumed when defining solutions.

2.3 FDM and/or TDM 

Regarding different types of solutions, it is commonly acknowledged that FDM is the first choice when trying to avoid the in-device interference. In most cases operators do have alternative frequencies (including alternative frequency bands) and could easily mitigate in-device interference. This will ensure that there is no interaction between different technologies so they could be run independently of each other providing the highest performance.
Proposal 3: FDM is the preferred option to mitigate in-device coexistence interference. 
Regarding spectrum allocations we also note that LTE is using licensed spectrum and ISM is using an unlicensed spectrum. Thus ISM radios can make use of the whole ISM band while an operator having LTE spectrum can only use its allocated spectrum. 

Observation: An ISM radio can potentially use the whole ISM band while LTE is restricted to an operator’s allocation. Thus an ISM radio has potentially a higher level of freedom to move within the band than LTE radios operating in certain very restricted LTE operator frequency allocation.
FDM avoidance techniques are summarised in Table 2, see e.g. [1] and [2] for more details.
Table 2: List of possible FDM techniques for LTE and ISM/GNSS radios.
	LTE

	Bluetooth
	WiFi
	GNSS

	Move to another carrier in same band
	Restrict available hopping BW by employing adaptive frequency hopping

	Select another channel in 2.4 GHz 
	Could mostly, at least in future, use L5 band (see the Note in section 4.2 in TR) 

	Move to another band
	
	Move/use 5 GHz band 
	


As can be seen there are multiple possible FDM mechanisms both on ISM and LTE side.

However, there may be some use cases and deployments where FDM is not possible for 3GPP RAT/LTE radio, e.g. when an operator only has the upper portion of the 2.3 GHz band (Band 40
), and in addition FDM techniques on the ISM side do not suffice. 
Regarding TDM solutions we note that in Section 5.3 of the TR [1] the following table of applicability of TDM solutions are listed, although the feasibility and usefulness of the solutions needs further study as stated also in the TR.
Table 3: Copy of “Table 5.3 1: Applicability of different TDM solutions” in [1]

	TDM solution
	Usage scenario

	
	LTE+BT earphone (VoIP service)
	LTE+BT earphone (Multimedia service)
	LTE+WiFi portable router
	LTE+WiFi offload
	LTE+GNSS Receiver

	HARQ process reservation based solution
	Applicable
	Applicable for BT Master, but not applicable for BT Slave
	FFS
	FFS
	Applicable

	DRX based solution
	Not applicable
	Applicable
	Applicable
	Applicable
	Applicable

	Uplink scheduling restriction based solution
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	Applicable

	Autonomous denial solution
	Complementary solution for receiving important signalling


To this meeting there is a series of contributions found in [3-5] evaluating a DRX based solution that can be used in different scenarios. It is shown that DRX is applicable to LTE+BT voice scenario where HARQ reservation based solution is considered as only solution so far. In addition, the role of DRX in WiFi beacon handing is evaluated again in [5]. A conclusion from these papers is that DRX based on REL-8/9 may provide reasonable good level for the use cases listed in Table 3 when TDM needs to be applied.  
Proposal 4: TDM solution based on the Rel-8/9/10 DRX mechanism can be sufficient for all use cases.

3 Conclusion 
Noting that the number of non-3GPP radio usage scenarios increases and from standardisation perspective it is difficult to keep up with all new services, one solution that fit many scenarios is preferred. The FDM solution, although providing a complete independence of simultaneous usage between 3GPP radios and ISM radios, may not be sufficient for all deployments. However, before considering that TDM techniques are needed, interference mitigation techniques developed in ISM technologies need to be taken into account.
We assume that the radios in a device would be implemented in an inter-controllable mode as this would ensure a higher degree of spectrum and service efficiency than operating with no interaction. 
For cases where FDM is not sufficient or cannot be applied, then it is preferable that a single TDM solution can be found. In the contribution [4], we show that DRX-based solution can also be applied to the LTE+ BT earphone scenario and in [5] that DRX is applicable to WiFi beacon reception. Thus DRX provides a solution to all usage scenarios under consideration. We believe that future TDM work should focus on that particular solution to minimise complexity and cost. 
Our proposals are summarised here:
Proposal 1: The prime focus should be to support data communication over one type of ISM radio at the time when also LTE is active.  
Proposal 2: Coordinated radios in a device (UE) should be assumed when defining solutions.

Proposal 3: FDM is the preferred and first option to mitigate in-device coexistence interference.
Proposal 4: TDM solution based on the Rel-8/9/10 DRX mechanism can be sufficient for all use cases. 
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� May require change of RAT.


� We should consider future implementations and not old ones.


� We do not consider solutions where part of Band 40 includes also a sub-band or if there would a new band definition.
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