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1. Introduction

In RAN4 #84 meeting, a LS on mixed numerologies was approved in [1], the agreements are duplicated as below,
	· Mixed Numerologies FDM operation use cases

· Use Case #1: Data and Data mixed numerology FDM

· FDM’ed transmission or reception of physical channels (e.g. NR PDSCH, PDCCH, PUSCH, PUCCH) with different numerologies at the same instance in DL or UL

· Use Case #2: Data and SS block (SS, PBCH) mixed numerology FDM

· FDM’ed transmission or reception of SS block (SS/PBCH) and other physical channels (e.g. NR PDSCH, PDCCH) with different numerologies in DL
· Case 1 Data/Data mixed numerology FDM requirements

· UE requirements

· Case 1 mixed numerology FDM can be supported without additional UE in-band RF requirements compared to single numerology (e.g. via using inter-numerology guard bands)

· Do not define in-band UE RF requirements for Case 1 mixed numerology FDM in Rel-15
· FFS if any additional mixed numerologies requirements need to be introduced in future releases

· Note: BS requirements are based on R4-1706320 (i.e. no BS requirements)
· RAN4 working assumption: Rel-15 NR UE is not mandated to support simultaneous DL reception or UL transmission of multiple FDM’ed physical channels (e.g. NR PDSCH, PDCCH, PUSCH, PUCCH) with different numerologies at the same time instance. 

· Send LS to RAN1/2 in RAN4 #84 to confirm RAN4 working assumption

· Case 2 Data/SS mixed numerology FDM operation

· Data/SS mixed numerology FDM operation can be supported for both BS/UE without additional in-band RF requirements compared to single numerology. 

· Do not define dedicated BS and UE in-band RF requirements in Rel-15 related to Data/SS mixed numerology FDM.
· Support of simultaneous reception of Data/SS with mixed numerologies is optional from UE implementation perspective.

· RAN4 will investigate further how UE RRM requirements will take this into account

· Case 1: Intra-frequency cell identification and measurements on the target cell while receiving Data from the serving cell with different numerology from SS

· Other cases are not precluded
· Observations: 

· Support of FDM of different numerologies transmission or reception leads to increased UE implementation complexity which depends on the number of different simultaneously supported numerologies.


And another LS was also approved in the RAN4 #84 meeting [2], duplicated as below,

	RAN4 has discussed recently received LS (R4-1707016) from RAN1 on minimum supported carrier bandwidth for NR:

RAN1 would like to kindly request RAN4 to support a minimum carrier bandwidth value of 100MHz in addition to 50MHz in order to accommodate SS Blocks with 240kHz SCS for bands, where appropriate, in the frequency range from 24 GHz to 52.6 GHz.

RAN1 would like to kindly request RAN4 to support a minimum carrier bandwidth value of 10MHz in addition to 5MHz in order to accommodate SS Blocks with 30kHz SCS for bands, where appropriate, in the frequency range below 6 GHz.

RAN4 has identified issues with respect to this incoming LS after careful studies. RAN4 has agreed 5MHz and 50MHz to be applicable minimum carrier bandwidths for many Sub-6GHz and mmWave NR bands. However, for bands where these minimum bandwidths are required, there is also need on higher SS SCS due to either LTE-NR co-existence or wider minimum CH BW deployment need. Hence the support of 10MHz and 100MHz minimum carrier bandwidths associated with 30kHz and 240kHz SS SCS for these bands is unclear from RAN4 perspective.

RAN1 is asked to find a solution how to support the following cases:

1) Minimum required channel BW and SS SCS for a Sub-6GHz band are 5MHz and 15kHz, respectively. An operator plans to operate with 10MHz bandwidth 30kHz SCS in order to deploy NR/LTE DL co-existence within the same band.

2) For bands above 6GHz, the minimum required channel BW and SS SCS are 50MHz and 120kHz, respectively. An operator who has at least 100MHz contiguous spectrum, plans to operate with 240kHz SS SCS within the same band.

3) RAN1 is asked to find a solution that shall support the ability for a UE to perform initial access to the NR cells operating with the above carrier bandwidth/SS SCS combinations.


In LS[1], FDM operation of mixed numerologies(case 1: Data/Data and case 2:Data/SS) was agreed as an optional functionality, and the open issue for RRM is how we can define the requirement based on this agreement. In LS[2], it disclose a possibility that SS may also use different numerologies in same band, and in that case it may need to think about whether or not UE need to support measuring different SS with different numerologies simultaneously.
In this contribution we analyse the all possible scenarios first and then we discuss the RRM measurement under different scenarios considering the UE baseline capability. 

2. Scenarios for mixed numerologies

The scenarios of mixed numerologies may be not only limited to FDM case, and we list all the possible mixed numerologies scenarios as below, based on [1] and [2]:

(FDM scenario: the signals with different numerologies are on different BW part.

(1) FDM-scenario 1: in-band data/data mixed numerologies

(2) FDM-scenario 2: in-band data/SS mixed numerologies (SS includes SS block or CSI-RS)
As shown in figure 1, data part may be using 30kHz SCS and SS of target cell is using 15kHz.

(3) FDM-scenario 3: in-band SS/SS mixed numerologies
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Figure 1. example of FDM-scenario 2: in-band data/SS mixed numerologies
( Intra-frequency scenario: the signals with different numerologies share the same center frequency.

(1) Intra-frequency-scenario 1: in-band data/SS mixed numerologies (SS includes SS block or CSI-RS)

UE is receiving the data from serving cell and meanwhile UE is required to perform the measurement for target cell SS. The SS of target cell is fully or partially overlapped with serving cell data REs. An example is shown as figure 2.
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Figure 2. example of Intra-frequency-scenario 1: in-band data/SS mixed numerologies
(2) Intra-frequency-scenario 2: in-band SS/SS mixed numerologies (SS includes SS block or CSI-RS)

UE is required to perform the measurement for SS from target cell 1 and target cell 2, but those SS has different numerologies and they are fully or partially overlapped.
3. RRM requirements for mixed numerologies

Since in RF session the UE capability of support mixed numerologies is optional for FDM cases, for the intra-frequency case shall be more tightened case than FDM, and the minimum requirement of UE capability shall be specified that UE is required to support one numerology at the same time instance in the same band.
Proposal 1: To define the minimum requirement, UE is assumed to monitor a single numerology per frequency layer for one time instance.
In this section, we analyse the RRM requirement for both FDM-scenarios and Intra-frequency-scenarios, based on the baseline UE capability.

· FDM-scenario 1: in-band data/data mixed numerologies

No RRM measurement impacts. 

· FDM-scenario 2: in-band data/SS mixed numerologies (SS includes SS block or CSI-RS)

Data RE reception and SS measurement occur at same time, and even they are on FDM, based on UE capability on mix numerologies of FDM, UE may need gap to measurement the SS of target cell.
· FDM-scenario 3: in-band SS/SS mixed numerologies

The definition for intra-frequency and inter-frequency measurement was approved in last meeting,

	· 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.
· 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.


So in FDM-scenario 3, numerologies of SS from two target cells are different, that means at least one SS has different numerology from serving cell. So this case shall be categorized to an inter-frequency measurement, which will use measurement gap definitely.

If it’s a FDM in-band SSB/CSI-RS mixed numerologies case, even they are on FDM, based on UE capability on mix numerologies of FDM, UE may also need gap to measurement the SS of target cell.

· Intra-frequency-scenario 1: in-band data/SS mixed numerologies 

Similar as FDM-scenario 2, so the RRM requirement shall also be designed with measurement gap.

· Intra-frequency-scenario 2: in-band SS/SS mixed numerologies

Similar as FDM-scenario 3, so the RRM requirement shall also be designed with measurement gap.

Based on the analysis, the RRM measurement for mixed numerologies scenarios may need measurement gap based on UE capability. 

Proposal 2: For mixed numerologies cases, RRM requirement shall be designed with measurement gap.

A possible alternative is, if UE who can support simultaneous reception of mixed numerology can indicate this capability information to network, it may also possible to shorten the measurement/identification time and accordingly the RRM requirement may be modified for those high-capability UE. However in this stage the RRM requirement shall be designed in a baseline way, that is, based on the minimum UE capability of supporting only one numerology at the same time instance.
4. Conclusion
In this contribution we analyse the all possible scenarios first and then we discuss the RRM measurement under different scenarios considering the UE baseline capability. 

Proposal 1: To define the minimum requirement, UE is assumed to monitor a single numerology per frequency layer for one time instance.

Proposal 2: For mixed numerologies cases, RRM requirement shall be designed with measurement gap.
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