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1 Introduction

The occurence of in-device coexistence interference would be independent from LTE channel status and depend on data transmission of other system. However, it would affect as an interference on a LTE-side measurement related to LTE channel status and then could induce erronous mobility management or degrading system scheduling efficiency due to wrong TDM prediction [1][2]. Thus, legacy meaurement scheme would need to be modified on in-device coexistence circumstances. In this paper, we will introduce several alternatives of LTE DL measurement on in-device coesixtence and observations for each one.
2 LTE DL measurement
In this section, we will suggest measurement alternatives and show pros/cons of each one. In this contribution, ‘Not-useable’ frequency band is the frequency band with an intolerable IDC inteference and ‘Useable frequency’ band is the frequency band with an endurable IDC interference. ‘Intolerable’ IDC interference means ‘on-going’ IDC interference [3] (The other, ‘Endurable’ IDC interference does ‘potential’ IDC inteference).
Alt 1) Legacy measurement containing the variation of in-device coexistence interference with no restriction (or distortion)
LTE DL measurement would be calculated without change compared to a legacy measurement. Coexistence interference would be contained into a measurement result with no restriction (or distortion) and then a measurement result, such as RSRP/RSRQ/CSI, would fluctuate over in-device data transmission. Further, as coexistence interference would occur on CRS, measurement accuracy would be deteriorated by CRS contemination.
Pros:

- No additional modifications on a legacy measurement scheme.
Cons:

- Since legacy measurement is closely related to ISM transmition interference, it could fluctuate depanding on ISM band traffic [5].
- An erroneous measurement could induce an improper NW operation (e.g. ping-pong HO) [2][6].

- Measurement on not-useable frequency band would be inaccurate due to CRS contemination.
- For inter-frequency measurement, this problem would be more fatal. Measurement gap could hardly match to ISM interfering pattern [7].
Alt 2) Legacy measurement on useable frequency bands and no measurement on not-useable frequency bands
LTE DL measurement would be restricted only on useable frequency bands and there is no change in measurement procedure [8]. And on not-useable frequency bands, LTE DL measurement would not be done. eNB could not hand the UE over a not-useable frequency band since eNB have no measurement information for not-useable frequency bands. Hence, the flexibility of eNB load balancing function could be declined due to restriction of available frequency band. This method would be similar to a black list of measurement. Because a useable frequency band would be a frequency with endurable IDC interference but not without IDC interference [3], the effect of CRS contemination or measurement fluctuation would be less than Alt 1, but not represent no contemination or fluctuation.
Pros:

- There would be no change on a legacy measurement scheme. Only difference would be measurement not allowed on not-useable frequency bands.
- Low complexity

- Low CRS contemination

- Low measurement fluctuation
Cons:
- There could be no chance for UE to handover into not-useable frequency bands, then this might induce an improper NW operation (e.g. invalid load-balancing) due to mistriggering or misuse of IDC indication [2].
- The possibility of CRS contemination or measurement fluctuation

Alt 3) Legacy measurement on useable frequency bands and TDM based measurement on not-useable frequency bands
Measurement on useable frequency bands would be the same as in Alt 1 or Alt 2, but measurement on not-useable frequency bands would be proceeded on TDM-based restriction. In this method, a measurement sample restricted on the base of TDM ICO would be adopted on not-useable frequency bands. The TDM-based restriction on measurement would subtract IDC interference from LTE DL measurement result. For an instance, the measurement samples with IDC interference would be excluded from whole measurement samples when calculating LTE DL measurement results. eNB could refer to the measurement result on the not-useable frequency band in order to make the corresponding UE move into the not-useable frequency band, in that band TDM ICO operation might be applied.
Pros:
- The UE could be handed over into not-useable frequency bands since an assistant measurement information on not-useable frequency band being provided to eNB. This attribute could supply the flexibility of load balancing function of network side.
- eNB could get the measurement result on not-useable frequency bands from which IDC interference would be subtracted.

Cons:
- New measurement scheme for not-useable frequency is required. A kind of measurement restriction.
- The possibility of CRS contemination or measurement fluctuation on useable frequency bands could exist.

Alt 4) Separately measuring LTE DL channel status and IDC-affected one
This method would divide channel variation and IDC inteference effect on LTE DL measurement. LTE DL measurement on the basis of channel variation would be used for legacy mobility functions without any change of triggering condition. And IDC interference effect would be seperately measured, and this could be used as an additional assistant information for mobility functions or triggering condition for ICO assistant information. Measurement on in-device coexistence interference might have a different triggering condition from LTE DL measurement. FFS for the specific procedure for this separate measurement scheme. For simple example, we could think that measurement samples during in-device data transmission would be skipped in order to calculate LTE DL measurement while those samples could be used for measuring in-device coexistence interference [9].
Pros:
- The UE could be handed over into not-useable frequency bands since an measurement information on not-useable frequency band being provided to eNB.

- This scheme could be adapted to both TDM and FDM ICO.
- Measurement containing IDC interference could be used in order to correctly trigger an assistant information

- No CRS contemination or measurement fluctuation

Cons:

- New measurement scheme is required.
- UE’s complexity increases.

- Inaccuracy of measurement due to decrease of sample points

3 Conclusion

Observation 1: Several alternatives for measurement in IDC circumstances are suggested. In addition, merits and demerits of each alternative are listed up.

· Alternative 1: Legacy measurement containing the variation of in-device coexistence interference with no restriction (or distortion)
· Alternative 2: Legacy measurement only on useable frequency bands and no measurement on not-useable frequency bands
· Alternative 3: Legacy measurement on useable frequency bands and TDM based measurement on not-useable frequency bands
· Alternative 4: Separately measuring LTE DL channel status and IDC-affected one
	Alt 1
	Alt 2

	Pros:

- Low complexity
	Cons:

- Measurement fluctuation

- CRS contemination.
- Improper NW operation (e.g. ping-pong HO)
- Measurement gap mismatch
	Pros:
- Low complexity

- Low CRS contemination
- Low measurement fluctuation
	Cons:
- Improper NW operation (e.g. invalid load-balancing) due to mistriggering or misuse of IDC indication
- The possibility of CRS contemination or measurement fluctuation

	Alt 3
	Alt 4

	Pros:

- The flexibility of load balancing function of network side
- High relevance of measurement result on not-useable frequency band
	Cons:
- New measurement scheme for not-useable frequency
- The possibility of CRS contemination or measurement fluctuation on useable frequency bands
	Pros:
- The flexibility of load balancing function of network side
- Appliance to both FDM and TDM

- Usage for triggering an assistant information
- High relevance of measurement result
	Cons:
- New measurement scheme
- UE’s complexity increases
- Inaccuracy of measurement due to decrease of sample points


Proposal 1: RAN2 should check whether legacy measurement on useable frequency bands is accurate or not. RAN2 would deliver LS to RAN4 for the check point.
Proposal 2: RAN2 would need to discuss whether measurement on not-useable frequency bands is needed or not.
Proposal 3: RAN2 would need to discuss whether measurement regarding IDC interference is needed in order to correctly trigger IDC indication or not.
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