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1. Introduction & Background
In last RAN4 meeting, an LS [1] was triggered to RAN2 for the definition of intra-frequency and inter-frequency measurements

· SS block (SSB) based RRM Measurements:

· SSB based Intra-frequency Measurement: A measurement is defined as a SSB based intra-frequency measurement provided the center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same.
· SSB based Inter-frequency Measurement: A measurement is defined as a SSB based inter-frequency measurement provided the center frequency of the SSB of the serving cell and the center frequency of the SSB of the neighbour cell are different, or the subcarrier spacing of the two SSBs are different.
· The above SSB based measurement definitions assume that the same cell transmits only one SSB.

· CSI-RS based RRM Measurements:

· CSI-RS based Intra-frequency Measurement: A measurement is defined as a CSI-RS based intra-frequency measurement provided the bandwidth of the CSI-RS resource on the neighbour cell configured for measurement is within the bandwidth of the CSI-RS resource on the serving cell configured for measurement, and the subcarrier spacing of the two CSI-RS resources are the same.
· CSI-RS based Inter-frequency Measurement: A measurement is defined as a CSI-RS based inter-frequency measurement provided the bandwidth of the CSI-RS resource on the neighbour cell configured for measurement is not within the bandwidth of the CSI-RS resource on the serving cell configured for measurement, or the subcarrier spacing of the two CSI-RS resources are different.
Currently, RAN4 has already defined the inter-frequency and intra-frequency RRM for SS block and CSI-RS respectively. Although there is still some unstable issues discussed by RAN1 and RAN4, we think RAN2 could take the basic idea of inter- and intra-frequency and discuss some principle for the measurement gap configuration for NR RRM.
2. Discussion
In LTE, the measurement gap is used for RF retuning if the UE needs to measure an inter-frequency cell, which means that the neighbour cell and the serving cell have different central frequencies. In some band combinations, UE can indicate to the network that it can perform the inter-frequency measurement without the configuring any measurment gap. If the neighbour cell has the same central frequency as serving cell, it can be regarded as an intra-frequency measurement for a UE in the serving cell. As long as the measurement bandwidth does not exceed the operating bandwidth in the serving cell, the UE would not be required to use a measurement gap to performe the measurement. Regardless of whether UE has the capability to performe the inter frequency measurement without measurment gap in some band combination, if the frequency to be performed is within the operating bandwidth, there is no need to perform the RF retuning, thus no need for the gap. This simple priciple is also appliacable to NR.
2.1. Same central frequency
According to current RAN1 discussion, a wide band CC can have multiple SS blocks, and CSI-RS configuraiton is associated with SS blocks. Take the SSB as example, there are several cases from UE perspective depicted as below
1) Central frequency is the same, SSB in the same location
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Figure 1  (a) one SSB in the central          (b) one SSB in offset from central                (c) multiple SSBs 
In this case, cell1 is the serving cell and cell2/cell3 are neighbour cells, each cell carrier with central frequency F1 and UE may operate in a certain bandwidth part with one or more SSB. And the SSB all have the same numerology. The UE will not retune its RF if it needs to measure the neighbour cell.
Proposal 1: In NR, if the frequency with a bandwidth to be measured is within the UE’s operating bandwidth, there is no need for using a measurement gap to retune its RF.
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Central frequency is the same, SSB to be measured in the different frequency locations
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In this case, serving cell and neighbour cell have different SSB configurations, the UE should be configured a measurement object with different offsets for the measurement. This may occur in the case that the network may expect the UE to measure a different SSB/BWP in neighbour cell. Naturally, it can be regarded as a inter frequency SSB measurement and UE needs a gap to perform the measurement if no other capability indication is sent.
3) Central frequency is the same, UE needs to measure outside the operating bandwidth part.
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According to RAN1 agreement as follow
Agreements:
When a UE performs measurement or transmit SRS outside of its active BWP, it is considered as a measurement gap

· FFS: details of measurement gap configuration

· During the measurement gap, UE is not expected to monitor CORESET

It is kind of align with Proposal 1. In this case, UE needs a gap to perform the measurement even in the same cell carrier. As the serving cell configure the UE with a MO indicate the ARFCN with F1, the serving cell should take the neighbor cell configuration into consideration.
Proposal 2: In NR, when UE is configured with a MO in which UE needs to perform measurement outside its operating bandwidth, it will require a measurement gap if no other capability indicated.
In LTE, a needforgap indicator is used to indicate that whether an inter frequency measurement requires a measurement gap. The bandwidth part here can reuse the basic idea to indicate whether a UE need a gap if will measure outside the BWP for another BWP in the same CC. 
Proposal 3: For outside BWP measurement, a needforgap indication is needed as in LTE
4) Central frequency is the same, but the different SCS for SSBs in different cells.
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Different SSB subcarrier spacing lead to different bandwidths for the SSB has fixed 24 PRB. According to RAN4 agreement, this case should be regarded as inter-frequency measurement, and will need a measurement gap. However, we notice that in RAN1 90 meeting, an agreement for NSA was made
Agreements:
· NR supports NW adaptation and indication of SCS used for SS/PBCH block for NSA carrier access

· RAN1 assumes that NSA carrier is the carrier that UE cannot access without NW assistance information

· UE can assume a single subcarrier spacing of SS/PBCH block per frequency carrier

· In case that target NSA carrier is in below 6 GHz range, 

· NW can adapt either 15 kHz or 30 kHz SCS for SS/PBCH block transmission, and NW can indicate selected SCS for SS/PBCH block transmission to UE

· In case that target NSA carrier is in between 6 GHz and 52.6 GHz range, 

· NW can adapt either 120 kHz or 240 kHz SCS for SS/PBCH block transmission, and NW can indicate selected SCS for SS/PBCH block transmission to UE

· If there is no indication on SCS used for SS/PBCH block transmission on target NSA carrier, UE assumes default SCS for SS/PBCH block transmission
The highlighted part assumes a single SCS of SSB per frequency. If this can also be applied to standalone, the scenario in Figure 4 is not existed. Maybe we can wait for more RAN1 input to confirm whether there is a possibility for the case.
Proposal 4: In NR, if the neighbor cell has different SCS configuration for SSB in the same frequency, it will need a measurement gap. But the possibility of whether a frequency carrier can have different SCS for SSB is to be confirmed by RAN1.
2.2. Different central frequency
There are two special cases if the central frequencies are different for serving and neighbour cells. Different central frenquency, but the SSB located in the same frequency location.
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In Figure 5a, three inter-frequency CC are partially overlapped, and SSB the UE need to measure fall on the same frequency location. In Figure 5b, a wider band CC and a narrower CC have different central frequency but the SSB fall on the same frequency location, which is also indicated in [2]. In this case, even this is inter frequency cell because of the central frequency, the UE needs not use the measurement gap.
Proposal 5: In NR, if the neighbour cell has different central frequency with the serving cell, but the SSB needs to be measured fall on the same frequency location as in serving cell, the UE needs no measurement gap.
3. Conclusion

In this contribution, we mainly discussed the issues for measurement gap. Base on the discussion, we have the following proposals: 

1) Proposal 1: In NR, if the frequency with a bandwidth to be measured is within the UE’s operating bandwidth, there is no need for using a measurement gap to retune its RF.
2) Proposal 2: In NR, when UE is configured with a MO in which UE needs to perform measurement outside its operating bandwidth, it will require a measurement gap if no other capability indicated.
3) Proposal 3: For outside BWP measurement, a needforgap indication is needed as in LTE
4) Proposal 4: In NR, if the neighbor cell has different SCS configuration for SSB in the same frequency, it will need a measurement gap. But the possibility of whether a frequency carrier can have different SCS for SSB is to be confirmed by RAN1.
5) Proposal 5: In NR, if the neighbour cell has different central frequency with the serving cell, but the SSB needs to be measured fall on the same frequency location as in serving cell, the UE needs no measurement gap.
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Figure � SEQ Figure \* ARABIC �2� SSB in different locations





Figure � SEQ Figure \* ARABIC �3� measure outside operating BW





Figure � SEQ Figure \* ARABIC �4� SSB with different SCS
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