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1 Introduction

In LTE, intra-frequency and inter-frequency measurement are defined are specified in [1]. Whether a measurement is non gap assisted or gap assisted depends on the whether the measurement target is intra-frequency or not.
In this contribution, we will discuss the measurement classification and the relation with measurement gap.
2 Discussion 
In the LTE the corresponding definitions of intra/inter frequency measurement are specified in [1] as below:

	Intra-frequency neighbour (cell) measurements and inter-frequency neighbour (cell) measurements are defined as follows:

-
Intra-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are intra-frequency measurements when the current and target cell operates on the same carrier frequency.

-
Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when the neighbour cell operates on a different carrier frequency, compared to the current cell.


Whether a measurement is non gap assisted or gap assisted depends on the UE's capability and the current operating frequency. In non gap assisted scenarios, the UE shall be able to carry out such measurements without measurement gaps. In gap assisted scenarios, the UE should not be assumed to be able to carry out such measurements without measurement gaps. More specifically, there are also several scenarios depicted in [1] to elaborate the necessity of measurement gap:
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Figure 10.1.3-1: Inter and Intra-frequency measurements scenarios
In summary, scenario A, B, C and G are denoted as intra-frequency scenarios. Meanwhile, scenario D, E and F are denoted as inter-frequency scenarios. All the inter-frequency scenarios and intra-frequency scenario G are measurement gap assisted scenarios. The classification of intra frequency and inter frequency basically depend on whether the center frequencies between target cell and serving cell are same or not.

Observation 1: The classification of intra-frequency and inter-frequency basically depends on whether the center frequencies between target cell and serving cell are same or not.

Observation 2: The classification of intra-frequency and inter-frequency will guide whether measurement gap is needed or not (expect for BL UE), taking the UE's capability into account as well.

In LTE the center frequency (central 6 PRBs) can always be used for RRM measurement. Therefore, as long as the center frequencies of two cells are the same, UE can perform RRM measurement on both of them without gap assisted.

However, in NR the SS block (used for cell synchronization and measurement) can be configured flexibly in frequency domain. And it was agreed that SS block is not always present in center frequency. Actually, SS block can be transmitted in different BW part(s). Thus even if the current and target cell have the same center frequency, UE may also need gap for target cell measurement (as depicted in Figure 1).
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Figure1.  Measurements scenarios of same frequency but different SS location 

On the other hand, if current cell and target cell have SS block at the same frequency, then UE can perform RRM measurement without gap assisted, even if they have different center frequencies (as depicted in Figure 2).


[image: image5.emf]Current cell UE Target cell

SS block SS block


Figure 2.  Measurements scenarios of different frequency but same SS location

Therefore, in NR, the need of measurement gap will depends on the SS frequency location of the measurement target rather than the center frequency of the target cell in LTE. Current, the definition of intra-frequency and inter-frequncy is still under the discussion in RAN4. There has two possible options discussed in RAN4 as show below:
Option 1: Similar as LTE, intra frequency is defined as centre frequency for serving cell and target cell.

In this option, as discussed above, the classification of intra-frequency and inter-frequency would not be used to guide gap assisted measurement anymore given that the SS block is not supposed to be always in the centre frequency of the cell. We need to define gap assisted measurement independent to the definition of intra-frequency and inter-frequency. For example, whether gap is needed for a measurement would be decided according to the SS block location of target cell and the SS block location of serving cells.
Option 2: intra frequency is defined same SS block centre frequency location for serving cell and target cell
In this option, since the SS block location has been taken into account when defines the intra-frequency and inter frequency, the classification of intra-frequency and inter-frequency would also be used to guide whether measurement gap is needed or not as LTE.
Proposal 1: up to RAN4’s definition on intra-frequency and inter-frequency, whether gap is needed for a measurement would be decided according to:
a) Similar as LTE, whether it is intra-frequency measurement or inter-frequency measurement, or
b) The SS block location of target cell and the SS block location of serving cells.
3 Conclusion
In this contribution, we discussed the intra-frequency measurement, inter-frequency measurement, and gap assistant measurement, and propose:

Observation 1: The classification of intra frequency and inter frequency basically depends on whether the center frequencies between target cell and serving are same or not.

Observation 2: The classification of intra frequency and inter frequency will guide whether measurement gap is needed or not (expect for BL UE).
Proposal 1: up to RAN4’s definition on intra-frequency and inter-frequency, whether gap is needed for a measurement would be decided according to:
a) Similar as LTE, whether it is intra-frequency measurement or inter-frequency measurement, or
b) The SS block location of target cell and the SS block location of serving cells.
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