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1 Introduction

In the previous meeting (Dublin, #72bis), we discussed the triggering condition of FDM solution for in-device coexistence interference avoidance. And two kinds of indications were introduced in the agreement:

- We want at least reactive based indications (i.e. indication when the UE suffers serious interference);

FFS whether we want to allow proactive indications ("please do not hand me over to non-serving freq-x", "please move me away from current serving freq-y because I think it may become worse e.g. if traffic increases"), it cannot be based on DL measurements.
Many companies might have shared the purpose of each indication but not yet determined how to trigger each indication. As a baseline to issue the triggering condition, we would inspect characteristics of each indication and introduce a certain restricion point on each one in this contribution.
2 Characteristics of FDM ICO indications
In this section, we would describe the characteristic of each indication used in FDM ICO [1]-[3].
1) Reactive indication
Reactive indication was defined in the last meeting as the indication when the UE suffers serious interference. Since it is based on ICO occurrence, it could show a real interference transition or stochastics. However, it could induce arbitary triggering on reactive indication. If data traffic is randomly changed in ISM band (or GNSS band), interference transition could be also varying arbitarily. Reactive indications could be classified to two cases via interference direction.
First case, an reactive indication would represent an interference problem in LTE DL Rx side. For example, let us suppose a measurement in LTE DL Rx on reactive manner related to in-device coexistence. The measurement could increase the number of triggering points compared to without in-device coexistence interference. In Figure 1, for one threshold, a measurement in LTE DL Rx with in-device coexistence causes four-times triggring points while only one-time without in-device coexistence. In-device interference makes a measurement result in LTE DL Rx oscillate more in addition to channel variation. Further, if eNB proceed a handover by the measurement result, it might suffer from an errornous handover handling, i.e. ping-pong in handover. Here, let frequency band with in-device coexsitence be named as ICO freqeucny. No in-device interference in an ICO frequency would increase channel quality of the ICO frequency band in LTE DL Rx and hence eNB would allow UE to hand over the corresponding frequency band. However, after hand-over, if in-device interference is generated, the channel quality of the ICO frequency band would decrease and then network would order UE to come back to an old source node.
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Figure 1: Compare measurement report according to the presence of in-device coexistence
In other case, a reactive indication could be related to an interference problem in ISM (or GNSS) DL Rx side. Since the problem occurs on an in-device system with heterogeneous communication protocol, LTE system could hardly handle it, but UE could monitor and should inform it to LTE eNB. That is, the triggering of the ICO occurrence would be dependant on UE implementation. Thus, if there is no restriction, the arbitary attribute of the triggering points might cause an UL resource in LTE system to be wasted for the triggering events and the ambiguity during the mobiltiy procedure in LTE system.
Observation 1: reactive-indication characteristics

- Show real interferece transition based on ICO occurrence
- Arbitary triggering based on reactive indication

- Possible side effects: frequent reports, HO ping-pong
2) Proactive indication

Proactive indication was defined as an indication which could act regardless of when the UE suffers serious interference. That indication would predict serious interference occcurrence even though no in-device coexistence occur at the current time. For example, "please do not hand me over to non-serving freq-x", "please move me away from current serving freq-y because I think it may become worse e.g. if traffic increases". Proactive indication would show a kind of virtual iterference regardless of real ICO occurrence. As for “please do not hand me over to non-serving freq-x”, a target eNB would interpret the non-serving freq-x as a frequency band with too strong in-device coexistence interference for the UE. The target eNB would not run handover procedure to the UE only if that proactive indication is not released.
Maybe, above freq-x is a problematic frequency band for almost UEs using the same kind of devices. That is because the same kind of devices would tend to have the same operation band. If this indication is totally dependant on UE implementation and there is no way in which eNB could release this proactive state suggested by UEs, it would hinder a NW operator from managing radio resource of UEs. For example, even though eNB intend to hand a UE over another cell in order to balance network load, eNB could not do the UE due to “please do not hand me over to non-serving freq-x” indication from the UE. More would increase the number of UEs suffering from in-device coexistence interference for the freq-x, bigger would become load imbalance problem.
Observation 2: proactive-indication characteristics

- Show virtual interference regardless of real ICO occurrence

- Proacticve indication would maintain interference affection inspite of in-device coexistence turned off
- Possible side effects: Hinder LTE NW from managing radio resources, e.g. load balancing in NW would be broken.

3 Restrictions of each FDM ICO indication
In this section, we would propose some restrictions for each FDM ICO indication in order to resolve possible side effects.
1) Reactive indication restrictions (Proposal 1)
In section 2, a reactive indication would have the characteristics of arbitary triggering and hence induce the waste of resource or ping-pong mobility. 
Firstly, we would suggest a time duration which to prohibit transmission of a reactive indication. That duration would be defined as a constant timer signaling between UE and eNB, or as time difference between ICO request and response. In case of a constant timer, UE is prevented to retransmit a reactive indication during that timer since once transmission of it. Another case, UE would have to wait for ICO response only if retransmitting or re-requesting a reactive indication for in-device interference avoidance. In other words, transmission of a reactive indication would be triggering by an event and also restricted by an another event.
Alternative 1: A kind of Prohibit Timer could restrict transmission of a reactive indication.
Secondly, we would introduce a new triggering condition which to smooth fluctuation of in-device interference occurrence. In order to smooth fluctuation, it could be available to average measured interference value or to adopt the number of strong interference occurrences as a factor of threshold. The method, to average measured interference value, is a kind of low pass filtering scheme for interference value. The second method is to maintain the state during several numbers of state-change events and, in other words, to ignore serveral numbers of state-change events. It would be similar to hysteresis timer margin used in HO procedure.
Alternative 2: A new triggering condition could smooth fluctuation of triggering a reactive indication.
2) Proactive indication restrictions (Proposal 2)
In section 2, a proactive indication would have a characteristic which to maintain interference affection inspite of in-device coexistence occurrence.

Due to above characteristic, proactive indication could deteriorate NW scheduling (e.g. load balancing). In order to control this characteristic, it would be required that proactive indication should be triggered on and off at the proper point agreed by UE and eNB. ‘Agreed’ means that point could be deterministic point (e.g. UE camping on, in-device interference starting and so on) or based on configuration by eNB (e.g. RRC signaling – some threshold value and so on). Even though in-device coexistence problem occur on a UE side, there is no chance that eNB use a proactive indication to control a UE according to NW scheduling if proactive indication totally depands on UE implementation. Especially, we would like to emphasize the existence of ‘triggering-off point’. We think this point could be run on both side (UE and eNB). In case of UE, it would be possible that e.g. long non-scheduling in UE, ISM HO to another frequency and so on. In case of eNB, it would be a kind of BS-ordering or BS-recommending FDM ICO stopping.
Alternative 1: Proper triggering on point agreed by UE and eNB
Alternative 2: Proper tirggering off point agreed by UE and eNB

3) General aspects

We should carefully consider measurement in order not to suffer from ping-pong event or provoking NW load balancing function . In this contribution, the solution for that problem is not suggested in detail and we have no strong opinion. We would only prefer to split legacy measurement and in-device interference measurement.

Proposal 3: We should carefully consider measurement in order not to suffer ping-pong event or provoking NW load balancing function. We would slightly prefer to split legacy measurement and in-device interference measurement.
As mentioned in 1) and 2), it would be needed that there exist control signaling from eNB to UE. That control signal would inform restrictions of each indication and order (or recommend) FDM ICO stopping. If there is no signaling from eNB to UE and triggering depands only on the UE, NW scheduling would hardly do a correct operation.
Proposal 4: It would be needed that there exist control signaling from eNB to UE.
4 Conclusion

Proposal 1: Reactive indication restrictions
· Alternative 1: A kind of Prohibit Timer could restrict transmission of a reactive indication.

· Alternative 2: A new triggering condition could smooth fluctuation of triggering a reactive indication.

Proposal 2: Proactive indication restrictions
· Alternative 1: Proper triggering on point agreed by UE and eNB

· Alternative 2: Proper tirggering off point agreed by UE and eNB

Proposal 3: We should carefully consider measurement in order not to suffer ping-pong event or provoking NW load balancing function. We would slightly prefer to split legacy measurement and in-device interference measurement.
Proposal 4: It would be needed that there exist control signaling from eNB to UE.
5 Reference

[1]  R2-110258 Triggering of UE reporting, Mediatek

[2]  R2-110409 Enhancement of FDM solution scope for in-device coexistence, Samsung

[3]  R2-110383 Open issues on FDM, Huawei


















































































4/4


_1358426224.vsd
In-device Tx


Measurement in LTE Rx without in-device coexistence


Measurement in LTE Rx with in-device coexistence


T


T


T


T


T


T


: Measurement report triggering point


Threshold


Threshold



