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1. Introduction
This contribution presents the RAN2 agreements on RRM measurements when the UE has in-device coexistence (IDC) interference problems, and discusses how the UE is able to fulfill these requirements.
RAN2 has studied IDC solutions in the Study Item “Signalling and procedure for interference avoidance for in-device coexistence”, and making corresponding specification work in the successive Work Item. Early IDC simulations contributed in RAN4 indicate that E-UTRA bands 7 and 40, and the 2.4 GHz ISM band, have significant interference across bands when a UE’s radios use them simultaneously; these results may be found from the appendix of the TR 36.816 [1]. Functional stage-2 agreements of the IDC solutions have been recorded in an agreed 36.300 CR [2].

It should be noted, that even if the amount of RF interference across the UE’s currently used frequency bands is excessive (e.g. tens of dB), it does not necessarily mean that coexistence problems are severe, if the duty cycle of either radio is low. On the other hand, even small amount of RF interference may be problematic if multiple radios are used concurrently with high duty cycle.
The IDC procedure is relatively simple. In principle, if a UE has IDC problems it cannot solve by itself, it sends an IDC indication. The network then either hands the UE over to a non-problematic frequency (FDM solution), or uses the problematic frequency with time-domain multiplexing (TDM, i.e. providing sufficiently predictable unscheduled periods for the UE to use also its non-LTE radio). 
We would like RAN4 to discuss the UE behaviour in an IDC situation, when it comes to performing RRM measurements in different stages of the IDC procedure.
2. Discussion

The three “stages” IDC procedure is illustrated below [2]:
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Figure 1: Different phases of IDC interference related operations by UE [2]
At the start of Phase 1, the UE will assess how severe the RF interference is, and whether the coexistence problem can be coped with. Internal coordination between the radios within the UE is assumed for this, or it may also be possible to measure the amount of interference. The UE may be able to adjust its non-LTE radio parameters to solve the interference. If the UE decides it cannot solve or cope with the IDC problems, it sends an IDC indication to the network. The IDC indication includes a list of problematic frequencies (the affected Measurement Objects that the UE is currently measuring), and a proposed DRX configuration, if the network decides to use time-domain multiplexing solution instead of a handover.
During Phase 2, the network may e.g. request neighbour cell measurements, especially if inter-frequency handover candidates have not been measured yet. After having enough information, the network would then provide a solution for the IDC problem. In Phase 3, the IDC problem should be solved as the UE now operates on a problem-free carrier frequency, or the network provides predictable unscheduled periods so the UE may time-multiplex its radios.
The UE behaviour related to downlink measurements is captured in the following table:
Table 1: RRM/RLM/CSI measurements in different phases of IDC interference [2]
	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 implementaton and RLM measurement requirements (see 3GPP TS 36.133 [21]) apply
	CSI measurement requirements (see 3GPP TS 36.101 [xx]) apply

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

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

	NOTE: 
The UE should attempt to maintain connectivity to LTE in this phase. If no solution is provided within a time pre-configured by the network, the UE may need to declare RLF or it may continue to deny the ISM transmission.


In Phase 1, it is up to UE implementation whether RRM measurement results are colored by IDC interference or not, whereas in the later phases, the RAN2 agreement is that these shall be free of IDC interference.
The RRM Measurements according to our understanding refer to:

· Serving cell RSRP and RSRQ measurements;

· Intra-frequency RSRP and RSRQ measurements of detected neighbour cells;

· Inter-frequency RSRP and RSRQ measurements of detected non-serving cells on configured Measurement Objects.

Phase 1
In Phase 1, the UE has detected possible IDC interference (may turn out to be e.g. non-existent, low, or strong). The IDC interference may potentially occur at any time, thus also during the time when RRM measurements are being taken. As the RRM measurement requirements apply, in principle any IDC interference occurring during measurement periods could worsen the chances of finding non-serving cells (e.g. interference hitting PSS/SSS). It would be up to UE implementation whether RSRP and RSRQ results contain IDC interference.
In our understanding, to comply with the Phase 1 requirement, the UE could for example block all ISM transmitters during the RRM measurement periods. These periods would be explicit in case of inter-frequency measurements (i.e. configured measurement gaps), but for intra-frequency measurements this may not be as clear.
Proposal 1: We ask RAN4 to discuss whether companies understand the IDC interference conditions similarly, and the options how a UE can comply with the Phase 1 RRM measurement requirements.
Phase 2
In Phase 2, the network decides which solution to apply to the IDC problem for the UE. It was discussed in RAN2 that it would be important for the network to get RRM measurement results that contain no additional interference due to IDC. If some of the carriers do have IDC interference, this would be delivered in the IDC indication’s assistance information. The network can base handover decision based on actual RRM measurement results, with the knowledge that if the target carrier frequency has been indicated as problematic, the target eNB would have to use TDM solution.
Because Phase 2 is supposed to be relatively short, the UE may block any ISM transmissions whenever measuring for RRM. 
Proposal 2: We ask RAN4 to discuss the options how a UE can comply with the Phase 2 RRM measurement requirements.
Phase 3
In Phase 3, the network has applied either FDM or TDM solution. If FDM was applied, the UE should now operate on a problem-free carrier, hence IDC situation is solved. If TDM was applied, the UE now has a suitable DRX configuration and the network ensures that enough DRX sleep time is available.
After a successful FDM solution, naturally the intra-frequency RRM measurements contain no IDC interference. For inter-frequency measurements on the problematic carriers, the UE still needs to provide clean results, and may have to block all ISM transmitters during the measurement gaps.
After a successful TDM solution, the non-LTE radios of the UE should be active only during DRX sleep time Therefore to ensure RRM measurements are clean of IDC interference, the UE should not measure during DRX sleep time.
Proposal 3: We ask RAN4 to discuss whether companies agree with the Phase 3 interpretation and UE implementation options presented in this document.
3. Conclusion

In this contribution, we present the RAN2 agreements on RRM measurements in an IDC problem situation. Procedurally, three phases of interference have been identified. UE behaviour and possible options have been presented in this document in each of these phases.
We ask RAN4 to discuss the UE behaviour and measurement requirements in each of the phases.
Proposal 1: We ask RAN4 to discuss whether companies understand the IDC interference conditions similarly, and the options how a UE can comply with the Phase 1 RRM measurement requirements.
Proposal 2: We ask RAN4 to discuss the options how a UE can comply with the Phase 2 RRM measurement requirements.

Proposal 3: We ask RAN4 to discuss whether companies agree with the Phase 3 interpretation and UE implementation options presented in this document.
Additionally, it is not clear how to capture the RRM measurement requirements in an IDC situation into specification. We invite companies to come with proposals in the next meeting.
References

[1]
3GPP TR 36.816, Study on signalling and procedure for interference avoidance for in-device coexistence (Release 11)

[2]
R2-124311, CR on the addition of the stage-2 agreements on IDC, CMCC
[21]
3GPP TS 36.133, Requirements for support of radio resource management
_1407319326.vsd
Phase 1


Phase 2


Phase 3



