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Introduction
UE measurement capabilities in NR was discussed widely in last RAN4 #83 NR ad-hoc meeting [1]. However, little progress was made in this topic since the definitions of intra/inter frequency measurement are not clear. How to proceed the measurement capability was finally captured in the approved WF [2]:
	1.2	Measurement capabilities
•	Companies are encouraged to discuss whether RAN4 should involved in discussion of definitions of intra-frequency and inter-frequency.
•	Further evaluate the capabilities for number of interfrequency ad inter-RAT frequency layers to measure
•	Further evaluate the need for FDD/TDD differentiation in the number of carriers to measure
•	Further discussion on the methodology for determining capability for number of cells, number of beams etc to measure


In this contribution, we first provide our view on definition of intra/inter frequency measurement. 
Definitions of intra/inter frequency measurement
In the LTE the corresponding definitions of intra/inter frequency measurement are specified in TS36.300, which are duplicated here:
	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 TS36.300 to elaborate the necessity of measurement gap:




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.
As for NR, we’re not sure about reusing the legacy definitions of intra/inter frequency scenario. In LTE when we say the current and target cell operates on the same carrier frequency we means that the center frequencies of current and target cell are exactly the same, even if they have different bandwidth. Note that 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. In fact, 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).


[bookmark: _Ref484612065]Figure 1 measurement gap assisted scenario
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).


[bookmark: _Ref484678212]Figure 2 without measurement gap assisted scenario
In a word, whether measurement gap is needed depend on the SS block location of current and target cell, rather than whether the two cells have the same center frequency. Another thing needs to be pointed out is that multiple SS block transmissions in wideband CC in frequency domain is supported. For this scenario our preliminary understanding is that if at least one of the SS block of current and target cell are at the same frequency, we can call it intra-frequency scenario. In this case it should be feasible for UE to perform measurement for both current and target cells without measurement gap as long as UE is configured at the BW part where the SS block from current and target cell are present. Otherwise it is an inter-frequency scenario:


 
(a) Intra-frequency scenario                  (b) inter-frequency scenario
Figure 3 multiple SS blocks transmission in frequency domain scenario
With this interpretation, we briefly summarize the intra/inter frequency scenarios in NR:

















Figure 4 intra/inter frequency measurement scenarios in NR
Scenario A~G are basically the same with that of LTE as specified in TS36.300, i.e. 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.
Scenario H~L are NR specific:
· [bookmark: OLE_LINK3]Same SS burst set carrier frequency (Scenario H): an intra-frequency scenario; not measurement gap assisted.
· Different SS burst set carrier frequency (Scenario I): an inter-frequency scenario; measurement gap assisted scenario.
· Multiple SS burst sets scenario with at least one of the SS burst set of each cell share the same carrier frequency (Scenario J); an intra-frequency scenario; not measurement gap assisted.
· Multiple SS burst sets scenario without any SS burst set of each cell share the same carrier frequency (Scenario K); an inter-frequency scenario; measurement gap assisted scenario.
· Multiple SS burst sets scenario with at least one of the SS burst set of each cell share the same carrier frequency whilst UE is not located on any of this/these SS burst set(s) (Scenario L); an intra-frequency scenario; measurement gap assisted scenario.
In summary:
· Scenario A, B, C, G, H, J and L are intra-frequency scenarios.
· Scenario D, E, F, I and K are inter-frequency scenarios.
· Scenario A, B, C, H and J are not measurement gap assisted scenarios.
· [bookmark: OLE_LINK72]Scenario D, E, F, G, I, K and L are measurement gap assisted scenarios.
Based on above discussion we propose definitions of intra/inter-frequency scenarios in NR as follows:
[bookmark: _Ref485119358]Proposal 1: Intra-frequency neighbour (cell) measurements and inter-frequency neighbour (cell) measurements in NR 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 has at least one SS burst set transmitted on the same carrier frequency.
· Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when all the SS burst set(s) from neighbour cell is/are transmitted on the different carrier frequency, compared to the current cell.
Conclusion
In this contribution we provide our view on definition of intra/inter frequency measurement scenarios in NR. After discussion, the following conclusions are made:
Proposal 1: Intra-frequency neighbour (cell) measurements and inter-frequency neighbour (cell) measurements in NR 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 has at least one SS block transmitted on the same carrier frequency.
· Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when all the SS block(s) from neighbour cell is/are transmitted on the different carrier frequency, compared to the current cell.
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