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1. Introduction

During Ran2#56 it was evident that clarification on what is Intra-Frequency vs. Inter-frequency for measurement purposes is needed. Considering the amount of different bandwidth options in LTE, a very precise definition is needed.
From RAN2 point of view, it is relevant whether, or not gaps are needed to perform measurements on neighbor cells i.e. whether or not current cell can be received in parallel to measurements (Intra-frequency measurements are the measurements which are non-gap assisted and Inter-frequency measurements are the measurements which are gap assisted i.e. measurements for which gaps are needed).
2. RAN1 definitions
RAN1 Study Item technical report [25.814], section 7.1.3.1.2.1 and 7.1.3.1.2.2 defines intra-frequency measurements and inter-frequency measurements according to:

7.1.3.1.2.1
Intra frequency neighbour measurements 

Neighbor cell measurements performed by the UE are named intra-frequency measurements when the UE can carry out the measurements without re-tuning its receiver. This corresponds to the case when the current and target cell operates on the same carrier frequency and 

· the UE maximum bandwidth capability is equal or larger than the network system bandwidth, or

· the UE maximum bandwidth capability is smaller than the network system bandwidth, but the UE is currently “camping” within a band so that the common channels of the target cell as well as the sub-carriers allocated to the UE on the DL shared channel are within the UE receiving bandwidth. 

7.1.3.1.2.2
Inter frequency neighbour measurements 

Neighbor cell measurements are considered inter-frequency measurements when the UE needs to re-tune its receiver in order to carry out the measurements. This corresponds to the cases when

· the neighbor cell is operating on a different carrier frequency than the current cell, or

· the neighbor cell is operating on the same carrier frequency as the current cell, but the UE maximum bandwidth capability is smaller than the network system bandwidth and the UE is currently “camping” within a band so that the common channels of the target cell are outside the UE receiving bandwidth. Note that depending on the exact structure for the common channels needed for neighbor measurements, this scenario may not happen.
Taking into account the sub-sequent RAN1 conclusion that the UE maximum reception bandwidth is not a UE capability, i.e. all UEs should be able to receive the maximum network system bandwidth, and definitions can be significantly simplified:

Definition: Intra-frequency neighbor (cell) measurements

Neighbor cell measurements performed by the UE are intra-frequency measurements when the current and target cell operates on the same carrier frequency. The UE shall be able to carry out such measurements without measurement gaps.  
Definition: Inter-frequency neighbor (cell) measurements

Neighbor cell measurements performed by the UE are inter-frequency measurements when the neighbor cell operates on a different carrier frequency, compared to the current cell. The UE should not be assumed to be able to carry out such measurements without measurement gaps. 
3. Measurement Scenarios E-UTRAN 
Based on the definitions above, different measurement scenarios are either intra-frequency measurement scenarios or inter-frequency measurement scenarios; see Figure 1 and Figure 2.
A: Same carrier frequency and cell bandwidths
This is, by far, the most common measurement scenario. Thus it makes sense that this is defined as an intra-frequency scenario, not requiring measurement gaps

B: Same carrier frequency, BWtarget < BWcurrent

This is an intra-frequency scenario according to above definitions. It may be argued that this scenario will not occur very often and thus that the need for measurement gaps could be acceptable. However we do not see any complexity issues with measurements without gaps in this scenario. Note that there is an assumption here that there is no extreme interference outside the bandwidth of the target cell but inside the bandwidth of the current cell. If that would be the case, downlink communication with bandwidth BWcurrent would anyway not be possible.
C: Same carrier frequency, BWtarget > BWcurrent

Same comments apply as for scenario B
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Figure 1 Intra-frequency measurement scenarios
D: Different carrier frequencies, BWtarget < BWcurrent, centre part of target cell within BWcurrent
This is an inter-frequency scenario according to the definitions above, i.e. measurement gaps are assumed to be used. Although the centre part of the target cell falls within the UE receiver bandwidth, measurements without gaps would be more complex compared to e.g. scenario B and C. As this scenario can be expected to be a relatively rare scenario, we believe it is acceptable to define it as an inter-frequency scenario as is currently the case.
E: Different carrier frequencies, BWtarget > BWcurrent, centre part of target cell within BWcurrent
Same comments apply as for scenario D.
F: Centre part of target cell outside BWcurrent

This is clearly an inter-frequency measurement scenario, requiring measurement gaps.
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Figure 2 Inter-frequency measurement scenarios
4. Summary

As a conclusion of discussion above, definition on what is Intra-frequency, compared to Inter-frequency is based only on cell carrier frequency and not on the cell bandwidth. 
We could consider changing terms Intra-frequency and Inter-frequency measurements to Non-gap assisted and Gap assisted measurements.
5. Text Proposal for RAN2 Technical Specifications 36.300
This section provides text proposal for RAN2 TS 36.300 [3].
10.1.3
Measurements

….
Depending on whether the UE needs transmission/reception gaps to perform the relevant measurements, measurements are classified as gap assisted or non gap assisted. A non gap assisted measurement is a measurement on a cell that does not require transmission/reception gaps to allow the measurement to be performed. A gap assisted measurement is a measurement on a cell that does require transmission/reception gaps to allow the measurement to be performed.
Whether a measurement is non gap assisted or gap assisted depends on the current operating frequency. The UE determines whether a particular cell measurement needs to be performed in a transmission/reception gap and the scheduler needs to know whether gaps are needed. 
In case cells operate on the same carrier frequency, gaps are not needed to perform the measurements. If cells carrier frequency differ, gap assisted measurements are needed independent on UE/cell bandwidth
Measurement gaps are provided and controlled by the network.
RAN1 definition should be updated to: 

7.1.3.1.2.1
Non-gap assisted neighbour measurements 

Neighbor cell measurements performed by the UE are named non-gap assisted measurements when the current and target cell operates on the same carrier frequency (assuming that the SCH bandwidth of two cells is equal)
7.1.3.1.2.2
Gap assisted neighbour measurements 

Neighbor cell measurements performed by the UE are named gap-assisted when the current cell and target cell do not operate on the same carrier frequency.
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