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Introduction 

It has been investigated in [1][2] that in-device coexistence causes interference from one radio to another radio. It is discussed in past that current state of the art filters can not provide sufficient protection from in-device coexistence interference. This raises the need for some other solution. There are possibilities of FDM and TDM solution. In this paper we discuss a possible FDM solution to deal with in device co-existence problem. It is also understood that existing LTE mechanisms such as RSRP, RSRQ, CQI, RLF cannot be reliably used to identify the in-device coexistence in band 40 and these mechanism will not at all can be used for in-device co-existence interference detection in case of band 7. The solution for in-device co-existence thus should be band agnostic.
In the second part of this document we also introduce a unified signalling mechanism so that UE can inform presence of in-device coexistence, it’s preference for FDM or TDM solution and associated measurement report/gap patterns of UE availability or non availability.
Discussion 
FDM Solution
FDM solutions allow the resolution of in-device coexistence problem by switching the serving frequency of the UE. The aim is to move the LTE operation in frequency as far as possible from the ISM band.  Typically an operator will deploy multiple carriers in the same geographical area based on need and availability of spectrum. There are various factors to be taken into consideration for FDM solutions 
1. Presence of equally good coverage carriers in the same geographical area.

2. The load on Serving and target carrier frequency.
3. Whether UE current operation is single carrier or multi carrier.

4. Avoidance of Ping-pong effect. 
5. Action of eNB if no more carriers are available other than the in-device coexistence interference affected serving carrier.

Since change of serving frequency in LTE in connected mode is UE assisted network controlled, it should be left to the network to make a decision for a FDM solution. The UE can assist the network by giving indications to the network about the interference caused.  Further, future movement of UE can be still decided based on the RRM decisions and UE measurement reporting since network knows best about its own deployment. In case of multi carrier operation based upon whether the interfering carrier is a Pcell or Scell, the network can make an appropriate decision to deactivate/ de-configure if Scell is affected by ISM operation or perform handover in case Pcell is affected by ISM. Hence in all the above cases we do not see a need for any special intervention from the UE other than the reporting of the in-device co-existence to the network. 
Proposal 1: FDM solutions should be left to network RRM decision and no special behaviour is required from the UE side except assistance.
Proposal 2: UE can assist the network decision by reporting the in-device coexistence problem.
A UE is in the best position to make a decision on the in-device coexistence interference at device level; it can also make the best decision on the degree and severity of interference and report it to the network. The UE assistance should be based upon the network support for interference reporting. The co-existence report should be per frequency configured for measurement reporting. Existing measurement procedures can thus take care of this requirement.
Proposal 3: Existing measurement procedures can be reused for the configuration and reporting of presence/absence of in-device co-existence for multiple carriers.
It is also clear FDM or TDM solution alone cannot solve the in-device coexistences issues in all scenarios. When UE informs the presence of in-device coexistence to eNB it is better to convey all relevant information as well. Since the UE can make a best decision on the best possible solution it should indicate its preference for a TDM or FDM based solution.  UE informs presence of in-device coexistence and its preferred choice of FDM or TDM for each carrier. UE shares derived gap pattern of UE availability / non-availability with eNB.
If eNB decides for FDM solution following possibilities exists:

· De-configure/Deactivate a carrier if it is Scell and reported as facing/causing in-device coexistence issues
· Perform Handover if is Pcell and the carrier reported as facing/causing in-device coexistence issues
If eNB takes the decision of TDM solution the eNB can make use of the intra cell handover procedure for TDM solution. This will ensure that FDM and TDM procedures are aligned. This also ensures that there is no ambiguity about the time at which the UE has to use the new configuration. Fig. 1 given below captures the message flow.


[image: image1.emf]UE eNB

Measurement Report (new Event)

Handover Message 

1. Measurement Results all active carriers 

2. Status of Interference on configured 

neighbours 

3. Choice of TDM/FDM 

4. For TDM preferred bitmap of UL/DL gap 

pattern

In case of FDM inter frequency   handover

1 .In case of TDM Intra Cell handover along 

with info :

2. Bitmap to be used for DL/UL gap pattern 

Measurement Configuration (new Event)

1. Measurement Configuration with 

reporting configuration specific to In-device 

Interference

2. Measurement IDs linking specific CCs to 

reporting configuration for In device 

Interference 


Fig. 1: Unified Signalling mechanism for reporting in-device coexistence

Once the UE has reported co-existence interference it is necessary to also indicate to the network when the co-existence is over, this will help the network to make un-biased RRM decisions at a later point of time. It should be left to network implementation how the network avoids ping pong between a good and bad frequency and how this information is handled across different eNB during UE mobility.
Conclusion

We conclude with below proposals:
Proposal 1: FDM solutions should be left to network RRM decision and no special behaviour is required from the UE side except assistance.
Proposal 2: UE can assist the network decision by reporting the in-device coexistence problem.
Proposal 3: Existing measurement procedures can be reused for the configuration and reporting of presence/absence of in-device co-existence for multiple carriers.
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