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1 Introduction

In RAN2#79 bis meeting it was still not clear how the eNB receives any feedback to the “solution” that was provided for the UE’s IDC problem. In some online/ offline discussion a need for such a feedback was deemed critical since the network needs some feedback to rectify the current situation and improve his future decision making about the IDC problems.
2 Discussion
Feedback to eNB 
According to current agreed procedure UE is sending an InDeviceCoexIndication message to inform E-UTRAN that the IDC problem is over when UE is no longer experiencing IDC interference on any of the frequencies, e.g. when the ISM transmission is switched off. 


However the eNB is currently not informed by the mobile, whether a reconfiguration, i.e. TDM or FDM solution, which was done in response to an InDeviceCoexIndication message solved the IDC problem or not. Due to the absence of this signalling the eNB cannot be aware for the TDM case whether UE is still facing interference situation it cannot handle itself. Only if eNB configures exactly the DRX pattern as suggested by the UE in the TDM assistance information, it can be sure that the IDC issue is solved. 

It is not realistic to assume that the network can always comply with UE’s assistance suggestions. In more practical situation, network would have some constraints (limited resources) preventing it from configuring what the UE asked for. Furthermore it should be noted that even though the UE suggestion only one particular DRX pattern, there might be more DRX configurations which solve the problem. Essentially it’s not really well defined and also not testable how UE derives the TDM assistance info, i.e. one UE could provide TDM info which solves the interference problem and at the same time optimizes the LTE throughput, other UE might only take care of that IDC issue is solve but don’t consider throughput so much. 

Observation: In case eNB doesn’t configure the DRX pattern as suggested by the UE within TDM assistance info, eNB is not aware of whether UE is still facing interference problems which is cannot handle by itself.
Due to the absence of an indication to the network whether the solution solved the IDC issue or not, one could claim the IDC procedure itself is not very efficient. On one hand the IDC problem indication was introduced in order to inform eNB about interference problems which cannot be handled by UE itself, on the other hand there is no possibility for the UE to indicate to the eNB that the UE is still facing IDC problems even after a solution was provided by network. It should be noted that UE is not allowed to repeat the same problem indication message which could have been also used in order to indicate that the provided solution was not sufficient.

Furthermore due to the last meeting’s agreement that if UE determines in phase 2 that the NW does not provide a solution that resolves its IDC interference problems, it performs measurements as defined for phase 1, there is the issue that network doesn’t know whether the provided measurement by the UE are interference free or coloured. Essentially for cases where eNB doesn’t configure exactly the DRX pattern as suggested by the UE, the eNB doesn’t know what phases the mobile is in.
Therefore, we propose an explicit indication by the UE to indicate if the provided solution did not solve the IDC problem, so that the network can apply other possibility.

Proposal 1: UE explicitly indicates to the eNB if the provided solution does not solve the IDC problem.

IDC Phase transitioning 

The present definition of phases in IDC procedure allow the UE to come back to phase 1 from phase 2 if the provided solution did not work. However, we deem that the UE’s performance should be testable and therefore, it should be known to the network which phase of IDC is the concerned UE in. This is especially important since the network should with certainty know if the RRM measurements are free of IDC interference or not (phase 2 or phase 1). Therefore, our suggestion of phase transition should be:

Phase 1 to Phase 2: UE initiates transmission of IDC Indication

Phase 2 to Phase 3: Network provided a solution that solved the IDC problem. Since there is no prohibit time to restrict the IDC indication, the absence of indication from the UE (as in Proposal 1) indicates to the network that the IDC problem is solved and the UE is in Phase 3 now.

Return to phase 2: Should be possible when the UE sent the feedback to the provided solution (as in Proposal 1) indicating that the provided solution does not solve the IDC problem. This will also mean that the UE can declare RLF only in phase 1 and in phase 2 it must strive to maintain LTE connectivity by denying ISM transmission. 

Therefore, we prefer a clean segregation in phase definitions/ transition that is also visible to the network.

Proposal 2: The return to Phase 2 should only be allowed via the UE indication to the eNB when the provided solution does not solve the IDC problem.
3 Solutions

As discussed above, the UE entry in each phase should be visible (testable). It is clear from the previous meeting (captured as a note in stage 2) “If the UE determines in Phase 2 that the network does not provide a solution that resolves its IDC problems, it performs measurements as defined for Phase 1”. One possible solution could be based on UE’s re-entry in Phase 1: Upon entry to Phase 1, the UE should be allowed to delete the previous IDC context and to send InDeviceCoexIndication regardless of what IDC Indication was sent to the network earlier. But since with sending of InDeviceCoexIndication the UE considers itself to be in phase 2, in effect the UE can send one InDeviceCoexIndication only once to the network and so no IDC indication repetition still holds good. Network upon seeing the same (content) InDeviceCoexIndication again might deduce that the last solution did not work and the UE transitioned to Phase 1. This can be depicted as:
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Figure 1: Different phases of IDC interference related operations by UE
Since this solution may lead erring UEs into endlessly sending InDeviceCoexIndication message, network may simply stop providing a (hit-and-trial) solution when it needs to stop UE from sending InDeviceCoexIndication again.
One possible text proposal is present in the Annex.
Another solution is to have an explicit feedback in the InDeviceCoexIndication message indicating problem solved/ not solved when the network provides a solution. This feedback can either:
· Sit at the top IE level; or,

· The 4th available code point (spare) in interferenceDirection can also be used as ‘none’ to indicate that there is no interference in either direction.
Further, we can discuss if the above solution needs to be optimized (feedback sent only upon problem solved/ not solved) etc. One possible text proposal for this solution is also present in the Annex.
4 Conclusions
This document discussed the importance of UE feedback to eNB provided solution and also emphasized how important it is to clarify IDC Phase transitioning of the UE. The paper provided a few solutions; RAN2 is requested to pick one that suits the 3GPP interest best.
5 Text Proposal

-----------------------------------------Start of the Change Solution 1: 36.300---------------------------------------
23.4.2
Solutions

When a UE experiences a level of IDC interference that cannot be solved by the UE itself and a network intervention is required, the UE sends an IDC indication via dedicated RRC signalling to report the problems. The details of the IDC indication trigger are left up to UE implementation: it may rely on existing LTE measurements and/or UE internal coordination. The IDC indication should be triggered based on ongoing IDC interference on the serving or non-serving frequencies, instead of assumptions or predictions of potential interference. A UE that supports IDC functionality indicates this capability to the network, and the network can then configure by dedicated signalling whether the UE is allowed to send an IDC indication. The UE may only send an IDC indication for E-UTRA UL/DL carriers for which a Measurement Object is configured.

NOTE:
The term ongoing IDC interference should be treated as a general guideline by the UE. For the serving frequency, ongoing interference consists of interference caused by aggressor radio to victim radio during either active data exchange or upcoming data activity which is expected in up to a few hundred milliseconds. For the non-serving frequency, ongoing interference is an anticipation that the LTE radio will either become aggressor or victim if it is handed over to the non-serving frequency. Similarly for SCells in case of CA, ongoing interference is an anticipation that the LTE radio will either become aggressor or victim if activation of the SCells takes place. Ongoing interference is applicable over several subframes/slots where not necessarily all the subframes/slots are affected.
When notified of IDC problems through an IDC indication from the UE, the eNB can choose to apply a Frequency Division Multiplexing (FDM) solution or a Time Division Multiplexing (TDM) solution:

-
The basic concept of an FDM solution is to move the LTE signal away from the ISM band by e.g. performing inter-frequency handover within E-UTRAN or removing SCells from the set of serving cells.

-
The basic concept of a TDM solution is to ensure that transmission of a radio signal does not coincide with reception of another radio signal. LTE DRX mechanism is used to provide TDM patterns (i.e. periods during which the LTE UE may be scheduled or is not scheduled) to resolve the IDC issues. DRX based TDM solution should be used in a predictable way, i.e. the eNB should ensure a predictable pattern of unscheduled periods by means of DRX mechanism.

To assist the eNB in selecting an appropriate solution, all necessary/available assistance information for both FDM and TDM solutions is sent together in the IDC indication to the eNB. The IDC assistance information contains the list of E-UTRA carriers suffering from ongoing interference, the direction of the interference and, depending on the scenario (see 3GPP TR 36.816 [50]), it also contains TDM patterns or parameters to enable appropriate DRX configuration for TDM solutions on the serving E-UTRA carrier. The IDC indication is also used to update the IDC assistance information, including for the cases when the UE no longer suffers from IDC interference. In case of inter-eNB handover, the IDC assistance information is transferred from the source eNB to the target eNB.

NOTE 1:
The UE should only indicate “IDC over” when it does no longer experience an IDC issue it cannot solve by itself.
NOTE 2:
The UE should not resend the same IDC indication message to the network, but the UE may resend the same IDC indication after handover.
IDC interference situation can be divided into following three phases as shown in Figure 23.4.2-1:
-
Phase 1: The UE detects start of IDC interference but does not initiate the transmission of the IDC indication to the eNB yet. The UE deletes the previous IDC context, if available, upon (re-)entering this phase.
-
Phase 2: The UE has initiated the transmission of the IDC indication to the eNB and no solution is yet configured by the eNB to solve the IDC issue.
-
Phase 3: The eNB has provided a solution that solved the IDC interference to the UE.
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Figure 23.4.2-1: Different phases of IDC interference related operations by UE
In different phases, UE behaviours related to RRM, RLM, and CSI measurements are shown in Table 23.4.2-1.
Table 23.4.2-1: RRM/RLM/CSI measurements in different phases of IDC interference
	Phases of IDC Interference
	RRM Measurements
	RLM Measurements
	CSI Measurements

	Phase 1
	Up to UE implementation and RRM measurement requirements (see 3GPP TS 36.133 [21]) apply
	Up to UE implementation and RLM measurement requirements (see 3GPP TS 36.133 [21]) apply
	Up to UE implementation and CSI measurement requirements (see 3GPP TS 36.101 [52]) apply

	Phase 2
	UE shall ensure the measurements are free of IDC interference and RRM measurement requirements (see 3GPP TS 36.133 [21]) apply
	UE shall ensure the measurements are free of IDC interference and RLM measurement requirements (see 3GPP TS 36.133 [21]) apply
(NOTE 1)
	

	Phase 3
	UE shall ensure the measurements are free of IDC interference and RRM measurement requirements (see 3GPP TS 36.133 [21]) apply
	UE shall ensure the measurements are free of IDC interference and RLM measurement requirements (see 3GPP TS 36.133 [21]) apply
	

	NOTE 1: 
The UE should attempt to maintain connectivity to LTE in this phase meaning that RLM measurements are not impacted by IDC interference. If no solution is provided within a time which is up to UE implementation, the UE may need to declare RLF or it may continue to deny the ISM transmission. 
NOTE 2: 
If the UE determines in Phase 2 that the network does not provide a solution that resolves its IDC problems, it performs measurements as defined for Phase 1.

NOTE 3: 
If the IDC indication message reports the IDC interference on a neighbour frequency, it performs RRM measurements for that frequency as defined for Phase 2.


In addition, once configured by the network, the UE can autonomously deny LTE UL transmission in all phases to protect ISM in rare cases if other solutions cannot be used. Conversely, it is assumed that the UE also autonomously denies ISM transmission in order to ensure connectivity with the eNB to perform necessary LTE procedures, e.g. RRC connection reconfiguration and paging reception, etc. The network may configure a long-term denial rate by dedicated RRC signalling to limit the amount of LTE UL autonomous denials. Otherwise, the UE shall not perform any LTE UL autonomous denials.

----------------------------------------------------End of the Change Solution 1: 36.300-----------------------------
-----------------------------------------Start of the Change Solution 2: 36.331---------------------------------
5.1.1.1 InDeviceCoexIndication

The InDeviceCoexIndication message is used to inform E-UTRAN about IDC problems which can not be solved by the UE itself, as well as to provide information that may assist E-UTRAN when resolving these problems.
Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: UE to E‑UTRAN

InDeviceCoexIndication message

-- ASN1START

InDeviceCoexIndication-r11 ::=

SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE {



inDeviceCoexIndication-r11



InDeviceCoexIndication-r11-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}
InDeviceCoexIndication-r11-IEs ::=
SEQUENCE {


affectedCarrierFreqList-r11


AffectedCarrierFreqList-r11




OPTIONAL,

tdm-AssistanceInfo-r11



TDM-AssistanceInfo-r11





OPTIONAL,

solvedByNetworkSolution



ENUMERATED {true}






OPTIONAL,

lateNonCriticalExtension


OCTET STRING







OPTIONAL,


nonCriticalExtension



SEQUENCE {}








OPTIONAL

}

AffectedCarrierFreqList-r11 ::=
SEQUENCE (SIZE (1..maxFreqIDC-r11)) OF AffectedCarrierFreq-r11

AffectedCarrierFreq-r11 ::=
SEQUENCE {


carrierFreq-r11



MeasObjectId,


interferenceDirection-r11
ENUMERATED {eutra, other, both, spare}

}

TDM-AssistanceInfo-r11 ::=
CHOICE {


drx-AssistanceInfo-r11



SEQUENCE {



drx-CycleLength-r11




ENUMERATED {sf40, sf64, sf80, sf128, sf160,













 sf256, spare2, spare1},



drx-Offset-r11





INTEGER (0..255) 
OPTIONAL,


drx-ActiveTime-r11




ENUMERATED {sf20, sf30, sf40, sf60, sf80,












 sf100, spare2, spare1}

},


idc-SubframePatternList-r11


IDC-SubframePatternList-r11,

...

}

IDC-SubframePatternList-r11 ::=
SEQUENCE (SIZE (1..maxSubframePatternIDC-r11)) OF IDC-SubframePattern-r11

IDC-SubframePattern-r11 ::= CHOICE {


subframePatternFDD-r11



BIT STRING (SIZE (40)),


subframePatternTDD-r11



CHOICE {



subframeConfig0-r11




BIT STRING (SIZE (70)),



subframeConfig1-5-r11



BIT STRING (SIZE (10)),



subframeConfig6-r11




BIT STRING (SIZE (60))


},


...

}
-- ASN1STOP
	InDeviceCoexIndication field descriptions

	affectedCarrierFreqList

List of E-UTRA carrier frequencies affected by IDC problems. 

	drx-CycleLength

Indicates the desired DRX cycle length that the E-UTRAN is recommended to configure. Value in number of subframes. Value sf40 corresponds to 40 subframes, sf64 corresponds to 64 subframes and so on.

	drx-Offset

Indicates the desired DRX starting offset that the E-UTRAN is recommended to configure. If drx-CycleLength-r11 is configured, the starting frame and subframe satisfy the relation [(SFN * 10) + subframe number] modulo (drx-CycleLength-r11) = drx-Offset-r11.

	drx-ActiveTime

Indicates the desired active time that the E-UTRAN is recommended to configure. Value in number of subframes. Value sf20 corresponds to 20 subframe, sf30 corresponds to 30 subframes and so on.

	idc-SubframePatternList
A list of one or more subframe patterns indicating which HARQ process E-UTRAN is requested to abstain from using. Value 0 indicates that E-UTRAN is requested to abstain from using the subframe. The first/leftmost bit corresponds to the subframe #0 of the radio frame satisfying SFN mod x = 0, where x is the size of the bit string divided by 10. Note.

	solvedByNetworkSolution
indicates if the interference problem was solved or not solved by previous solution provided by the network; “true” means ‘solved’ and “false” means ‘not solved’.

	interferenceDirection
Indicates the direction of IDC interference.  Value eutra indicates that only E-UTRA is victim of IDC interference; value other indicates that only another radio is victim of IDC interference; and value both indicates that both E-UTRA and another radio are victims of IDC interference. The other radio refers to either the ISM radio or GNSS (see 3GPP TR 36.816 [63]).


NOTE:
The UE shall indicate a subframe pattern that follows HARQ time line, as specified in TS 36.213, i.e, if a subframe is set to 1 in the subframe pattern, also the corresponding subframes carrying the potential UL grant [23, 8.0], the UL HARQ retransmission [23, 8.0] and the DL/UL HARQ feedback [23, 7.3, 8.3 and 9.1.2] shall be set to 1.
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