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1 Introduction
The definitions of intra-frequency measurement and inter-frequency measurement in NR were extensively discussed in the last meeting [1-3]. But there was no consensus on their definitions. Therefore RAN4 could not send an LS to RAN2. 
In this paper we express our views on the intra-frequency and inter-frequency measurement definitions and provide LS response to RAN2 [4].
2 Intra-frequency and Inter-frequency Measurements 
The key aspect of the intra-frequency measurement is that the UE can measure neighbour cells and the serving cell in parallel. This means with respect to the serving cell the UE does not need to retune its receiver to measurement the intra-frequency neighbour cells. This is only possible if the center frequency of the measurement resources (MRSC) in the serving cell and the center frequency of measurement resources (MRNC) in the neighbour cell are the same. Due to full alignment of the frequencies of the MRSC in the serving cell and MRNC the neighbour cell, the measurement accuracy of the neighbour cell is the same as that of the serving cell. Examples of measurement resources for mobility measurements are SS block (SSB) and CSI-RS. They may or may not overlap in frequency domain. Therefore intra-frequency and inter-frequency measurement definitions should be separately addressed for SSB based measurements and CSI-RS based measurements.
2.1 SS block based measurements

2.1.1 SSB based intra-frequency measurement
The SS based RSRP (SSRP) is done on SSS in the SS block. If the center frequency of the SS block (SSB) in the serving cell and the center frequency of SSBNC in the neighbour cell are the same then the UE does not need to retune its receiver to measure on the neighbour cell. Due to full alignment of the center frequencies of the SSBs in the serving and the neighbour cells, the measurement accuracy of the neighbour cell is the same as that of the serving cell.
According to figure 1, the SS block of the serving cell (SSBSC) and SS block # 1 of the neighbour cell (SSB1NC) have the same center frequencies i.e. FSC = FNC1. This means that when the UE served by a serving cell with SSBSC, is configured to measure on cells with SS block, SSB1NC, then measurements on all neighbour cells with SS block, SSB1NC, shall be intra-frequency measurements. In this case the UE should meet intra-frequency measurement accuracy. 
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Figure 1: Examples of aligned and misaligned SS blocks between serving cell and non-serving cell in terms of their center frequencies 
2.1.2 SSB based inter-frequency measurement
Also according to figure 1, on the other hand, the SS block of the serving cell (SSBSC) and SS block # 2 of the neighbour cell (SSB2NC) DO NOT have the same center frequencies i.e. FSC ≠ FNC2. This means that when the UE served by a serving cell with SSBSC, is configured to measure on cells with SS block, SSB2NC, then measurements on all neighbour cells with SS block, SSB2NC, shall be intra-frequency measurements. In this case the UE should meet inter-frequency measurement accuracy. The reason is that the UE will have to retune its receiver to measure on SSB2NC. In practice SSB1NC and SSB2NC can be closer in frequency or well apart in frequency. Due to frequency differences the RF impairments between the serving cell and neighbour cell with different center frequencies are not eliminated. In LTE RAN4 has defined generic inter-frequency measurement accuracy requirements regardless of differences in frequencies between the serving and neighbour cells. 
2.1.3 SSB based measurements with Multiple SS Blocks in Serving Cell
In figure 1 it was assumed that the serving cell of the UE has only one SS block. However there is also a valid scenario with multiple SS blocks in the serving cell of the UE. An example is shown in figure 2. In this example SS block # 1 of the serving cell (SSB1SC) and SS block # 1 of the neighbour cell (SSB1NC) have the same center frequencies i.e. FSC1 = FNC1. But the center frequency (FSC2) of SS block # 2 of the serving cell (SSB1SC) does not match with any of the center frequencies of SS block # 1 (SSB1NC) or SS block # 2 (SSB2NC) of the neighbour i.e. FSC2 ≠ FNC1 and FSC2 ≠ FNC2.
The measurement done on SSB1NC or SSB2NC of the neighbour cell is an intra-frequency or an inter-frequency shall depends on whether the UE uses SSB1SC or SSB2SC for performing the serving cell measurement. For example if SSB1SC is used for performing the serving cell measurement then measurements done on SSB1NC and SSB2NC shall be intra-frequency and inter-frequency respectively. But if SSB2SC is used for performing the serving cell measurement then measurements done on SSB1NC and SSB2NC shall be both inter-frequency. Based on this analysis we suggest that the UE is explicitly configured with a reference SSB of the serving cell for performing intra-frequency measurement. This will also enable the UE and the network to unambiguously know whether the measurement done or expected to be done is intra-frequency or inter-frequency. 
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Figure 2: An example of multiple SS blocks in serving cell
2.2 CSI-RS based measurements

2.2.1 CSI-RS based intra-frequency measurement
The CSI-RP based RSRP (CSIRP) is done on the configured CSI-RS resources for the mobility measurements. If the center frequency of the configured CSI-RS resources for mobility measurement in the serving cell and the center frequency of the configured CSI-RS resources for mobility measurement in the neighbour cell are the same then the UE does not need to retune its receiver dto measure CSIRP on the neighbour cell. The CSIRP measurement under this condition is called as intra-frequency measurement. Due to full alignment of the center frequencies of the configured CSI-RS resources in the serving and the neighbour cells, the CSIRP measurement accuracy of the neighbour cell is the same as that of the serving cell i.e. intra-frequency measurement accuracy.
2.2.2 CSI-RS based inter-frequency measurement
On the hand other if the center frequency of the configured CSI-RS resources for mobility measurement in the serving cell and the center frequency of the configured CSI-RS resources for mobility measurement in the neighbour cell are different then the UE has to retune its receiver to measure CSIRP on the neighbour cell. The CSIRP measurement under this condition is called as inter-frequency measurement. Due to misalignment of the center frequencies of the configured CSI-RS resources in the serving and the neighbour cells, the CSIRP measurement accuracy of the neighbour cell will be more relaxed compared to that of the serving cell i.e. called as inter-frequency measurement accuracy.

2.2.3 CSI-RS based measurements only on neighbour cells
On the hand other if the center frequency of the configured CSI-RS resources for mobility measurement
It might be possible that the network configures CSI-RS resources only for neighbor cell measurements i.e. no CSI-RS resources for measurement on neighbor cells. If such scenario is supported by RRC signaling then one possibility is to define the neighbor cell measurement (CSIRP) as an intra-frequency provided that the measured CSI-RS resources fall within the bandwidth over which the UE performs SSB based measurement on serving cell. Otherwise such neighbor cell measurement (CSIRP) can be defined as an inter-frequency measurement.
3 Measurement Gaps for Intra-frequency Measurements
The measurement gaps are required by the UE when has to retune its receiver away from the serving cell for performing measurement on another carrier or outside the UE configured bandwith. In NR the UE bandwidth can be smaller than the cell bandwidth. Furthermore even if the UE bandwidth and cell bandwidth are the same, to enable power saving the UE can still be configured to receive control channel (PDCCH) over part of the cell bandwidth (or bandwidth part). This is very similar to case of eMTC/FeMTC where MPDCCH comprises 6 RBs while cell BW can be as larger as 100 RBs. In cases like when serving cell has larger cell bandwidth, the SS block even on the serving carrier might outside the bandwidth configured to receive the control channel. This means similar to eMTC/FeMTC the measurement gaps shall be needed even for performing intra-frequency measurements. 

To cover both cases of measurement resources of serving cell falling inside or outside the UE configured BW, it is more appropriate to define intra-frequency measurement requirements with and without measurement gaps for both SSB and CSI-RS based measurements. In our view the measurement accuracies for measurement with and without gaps should be the same for the same type of measurement (SSB or CSI-RS based). However the measurement periods should be different; but this needs further analysis.  
4 Summary
In this paper we have discussed the definitions intra-frequency measurement and inter-frequency measurement in NR. One key difference compared to LTE is that multiple SS blocks can be supported even in the same cell. The main conclusions and proposals are:
· Proposal # 1: A measurement performed by the UE on a neighbour cell is called as an intra-frequency measurement provided that the center frequency of the measurement resources (MRSC) used for measurement on the serving cell and the center frequency of the measurement resources (MRNC) used for measurement on the neighbour cell are the same. SSB and CSI-RS based intra-frequency measurements are expressed as follows:
· A SSB based measurement performed by the UE on a neighbour cell is called as an intra-frequency measurement provided that the center frequency of the SS block used for measurement on the serving cell and the center frequency of the SS block used for measurement on the neighbour cell are the same.
· A CSI-RS based measurement performed by the UE on a neighbour cell is called as an intra-frequency measurement provided that the center frequency of the CSI-RS resources configured for measurement on the serving cell and the center frequency of the CSI-RS resources configured for measurement on the neighbour cell are the same.
· Proposal # 2: A measurement performed by the UE on a neighbour cell is called as an inter-frequency measurement provided that the center frequency of the measurement resources (MRSC) used for measurement on the serving cell and the center frequency of the measurement resources (MRNC) used for measurement on the neighbour cell are different. SSB and CSI-RS based inter-frequency measurements are expressed as follows:

· A SSB based measurement performed by the UE on a neighbour cell is called as an inter-frequency measurement provided that the center frequency of the SS block used for measurement on the serving cell and the center frequency of the SS block used for measurement on the neighbour cell are different. 
· A CSI-RS based measurement performed by the UE on a neighbour cell is called as an inter-frequency measurement provided that the center frequency of the CSI-RS resources configured for measurement used for measurement on the serving cell and the center frequency of the CSI-RS resources configured for measurement used for measurement on the neighbour cell are different. 
· Proposal # 3: If the serving cell of the UE transmits multiple SS blocks then the UE should be configured with a reference SS block in the serving cell for performing SSB based intra-frequency measurements.

An LS out to RAN2 containing the above proposals is provided in [4].
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