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1. Introduction
In this contribution, we discuss the definition of inter-frequency and intra-frequency measurement for Rel-15 NR. 
2. Observed issues
In Rel-15 NR, intra-frequency and inter-frequency definition depends on whether the centre frequency of the SSB of serving and neighbor are the same. Specifically, in TS 38.331, SSB based intra-frequency measurement and inter-frequency measurement are specified as follows:

	Section 9.2.1
A measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSB are also the same.

The UE shall be able to identify new intra-frequency cells and perform SS-RSRP, SS-RSRQ, and SS-SINR measurements of identified intra-frequency cells if carrier frequency information is provided by PCell or the PSCell, even if no explicit neighbour list with physical layer cell identities is provided

.

The UE can perform intra-frequency SSB based measurements without measurement gaps if

-
the SSB is completely contained in the active BWP of the UE, or

-
the active downlink BWP is initial BWP[3].
For intra-frequency SSB based measurements without measurement gaps, UE may cause scheduling restriction as specified in section 9.2.5.3.
Section 9.3.1

A measurement is defined as a SSB based inter-frequency measurement provided it is not defined as in intra-frequency measurement according to section 9.2.

The UE shall be able to identify new inter-frequency cells and perform SS-RSRP, SS-RSRQ, and SS-SINR measurements of identified inter-frequency cells if carrier frequency information is provided by PCell or the PSCell, even if no explicit neighbour list with physical layer cell identities is provided.


According to the definition, intra-frequency and inter-frequency measurement from UE perspective are different from the intra-frequency and inter-frequency deployment from network perspective.
Figure 1 shows the examples of intra-frequency measurement, in (a) and (b), the centre frequency and subcarrier spacing of the SSB of serving and neighbour cell are the same. So they are categorized as intra-frequency measurement. In (a), SSB is completely contained in the active BWP of the UE, so UE can perform intra-frequency without gap, however, in (b), SSB is not contained in the active BWP, so measurement gap is required under this intra-frequency measurement case.
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(a) Intra-frequency without gap                 (b) Intra frequency with gap
Figure 1: SSB based intra-frequency measurement

Figure 2 shows the examples of inter-frequency measurement. According to the current specification, measurement gap is always needed for inter-frequency measurement when neighbour cell SSB centre frequency is different from serving cell SSB centre frequency. 

Observation 1: According to current specification, measurement gap is always required for inter-frequency measurement.
In (a), serving and neighbour are inter-frequency cells from network perspective, it is also inter-frequency measurement from UE perspective. This case is similar as LTE inter-frequency measurement, and measurement gap is required.
In (b)(c)(d), serving and neighbour are intra-frequency cells from network perspective, but they are categorized as inter-frequency measurement from UE perspective. 
In case (b), the SSB of neighbour cell is not contained in active BWP, so measurement gap is required for this inter-frequency measurement. In (c) and (d), even though the centre frequency of SSBs from serving cell and neighbour cells are different, the neighbour cell SSB is completely contained in active BWP of the UE. So technically, UE is able to receive the SSB and perform measurement of neighbour cell without measurement gaps. 
Observation 2: If the SSB is completely contained in the active BWP of the UE, UE can perform measurement without measurement gaps no matter for intra-frequency or inter-frequency measurement.
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Figure 2: SSB based inter-frequency measurement
As we know, the measurement gap will cause data loss, and it is always preferable to reduce the measurement gaps if possible. As we discussed above, technically, if the SSB is completely contained in active BWP of the UE, measurement gaps are not required. This has no impact on Rel-15 UE implementation since the UE is able to receive the SSB and perform measurement of neighbour cell without measurement gaps in this case. Hence, we propose to solve this issue and improve the specification in Rel-15. 

Proposal 1: It is proposed to enable inter-frequency measurement without measurement gaps when the SSB is completely contained in the active BWP of the UE in Rel-15.
In order to enable the inter-frequency measurement without measurement gaps, additional definition of inter-frequency measurement without measurement gaps need to be specified as following: 
	9.3.1
Introduction

A measurement is defined as a SSB based inter-frequency measurement provided it is not defined as in intra-frequency measurement according to section 9.2.

The UE shall be able to identify new inter-frequency cells and perform SS-RSRP, SS-RSRQ, and SS-SINR measurements of identified inter-frequency cells if carrier frequency information is provided by PCell or the PSCell, even if no explicit neighbour list with physical layer cell identities is provided.
The UE can perform inter-frequency SSB based measurements without measurement gaps if

-
the SSB is completely contained in the active BWP of the UE.
For inter-frequency SSB based measurements without measurement gaps, UE may cause scheduling restriction as specified in section 9.2.5.3.


Proposal 2-1: Specify that UE can perform inter-frequency SSB based measurements without measurement gaps if the SSB is completely contained in the active BWP of the UE.
Meanwhile, when the measurement signal has different subcarrier spacing than PDSCH/PDCCH or on frequency range FR2, there are restrictions on the scheduling availability need to be considered. 

The existing scheduling availability specified for intra-frequency measurements in TS 38.133 section 9.2.5.3 can also be applied to the inter-frequency measurement without measurement gaps. Since, the inter-frequency measurement without gap when the SSB is completely contained in the active bandwidth part is also the measurement for intra-frequency neighbour cell.
Proposal 2-2: Reuse the scheduling restriction specified for intra-frequency measurements for inter-frequency SSB based measurement without measurement gaps.
In addition, some clarifications are needed for inter-frequency measurement requirements, since currently there is no description on inter-frequency measurement without measurement gaps. For example:
	9.3.4
Inter frequency cell identification
When measurement gaps are provided, or the UE supports capability of conducting such measurements without gaps, or the UE performs the inter-frequency measurement without measurement gaps as specified in section 9.3.1, the UE shall be able to identify a new detectable inter frequency cell within Tidentify_inter_without_index if UE is not indicated to report SSB based RRM measurement result with the associated SSB index (reportQuantityRsIndexes or maxNrofRSIndexesToReport is not configured).  


Proposal 2-3: Clarify the applicability of inter-frequency measurement requirements in order to capture inter-frequency measurement without measurement gaps.
3. Conclusion
In this contribution, we discuss the definition of inter-frequency and intra-frequency measurement for Rel-15 NR. The observations and proposal are provided as follows：
Observation 1: According to current specification, measurement gap is always required for inter-frequency measurement.

Observation 2: If the SSB is completely contained in the active BWP of the UE, UE can perform measurement without measurement gaps no matter for intra-frequency or inter-frequency measurement.
Proposal 1: It is proposed to enable inter-frequency measurement without measurement gaps when the SSB is completely contained in the active BWP of the UE in Rel-15.
Proposal 2-1: Specify that UE can perform inter-frequency SSB based measurements without measurement gaps if the SSB is completely contained in the active BWP of the UE.
Proposal 2-2: Reuse the scheduling restriction specified for intra-frequency measurements for inter-frequency SSB based measurement without measurement gaps.
Proposal 2-3: Clarify the applicability of inter-frequency measurement requirements in order to capture inter-frequency measurement without measurement gaps.
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