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1 Introduction
At the last RAN4 meeting, RAN4 discussed on the UE measurement capability and agreed the WF [1]. In this contribution, we will provide the view on open issues of UE measurement capability i.e., the number of cells, beams and carriers.
2 Discussion
1   
2   
The number of cells
In last meeting, following agreements were made regarding the number of cells per frequency layer in [1].
	· Definition of “Number of cells per frequency layer”:
· The UE SSB based measurement capability for the number of cells to monitor should be specified as frequency range dependent (e.g. Sub-6GHz, mmWave)
· Sub-6GHz:
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [8] identified SSB based intra-frequency cells
· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [4] cells per frequency layer 
· mmWave:
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [x] identified SSB based intra-frequency cells
· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [y] cells per frequency layer 
· x, y and z are TBD



Based on our system simulation results [2][3], we propose that 8 intra-frequency cells is reasonable target value for both sub 6GHz and above 24GHz.
Regarding inter-frequency, we propose the same value as LTE both sub 6GHz and above 24GHz, i.e. 4 inter-frequency cells since there is no difference between sub 6GHz and mm-wave from the point of intra-frequency.
Proposal 1: 8 intra-frequency cells can be applied for both sub 6GHz and above 24GHz from our system simulation results.
Proposal 2: 4 inter-frequency cells can be applied for both sub 6GHz and above 24GHz, i.e. 4 inter-frequency cells since there is no difference between sub 6GHz and mm-wave from the point of intra-frequency.
The number of beams
In last meeting, following agreements were made regarding the number of beams in [1].
	· The measurement capability shall be defined per reference signal type. 
· Option 1: define capability on number of cells per frequency layer and number of beams per cell
· Option 2: define capability on number of beams per frequency layer
· Option 3: define capability on number of cells per frequency layer and number of beams per frequency layer
· Final decision is to be made in RAN4#84bis


 
	· Definition of “Number of beams per cell”:
· The UE SSB based measurement capability for the number of beams to monitor should be specified as frequency range dependent (e.g. Sub-6GHz, mmWave)
· Sub-6GHz:
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [m1] identified SSB based intra-frequency beams per cell 
· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [n1] identified beams per cell 
· mmWave:
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to simultaneously monitor [m2] identified SSB based intra-frequency beams per cell 
· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [n2] identified beams per cell 

· Definition of “Number of beams per frequency”:
· The UE SSB based measurement capability for the number of beams to monitor should be specified as frequency range dependent (e.g. Sub-6GHz, mmWave)
· Sub-6GHz:
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [k1] identified SSB based intra-frequency beams per frequency layer
· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [h1] identified SSB based intra-frequency beams per frequency layer
· mmWave:
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [k2] identified SSB based intra-frequency beams per frequency layer
· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [h2] identified SSB based intra-frequency beams per frequency layer



Regarding the definition, our preference is Option 3. If the measurement requirements are defined as Option 1, UE has to monitor [8] intra-frequency cells per frequency layer and [m1] intra-frequency beams per cell in sub-6GHz. It means that UE has to monitor [8 * m1] beams totally, which seems to be too large numbers. In addition, from the point of mobility measurement (i.e., not for beam management), UE capability on number of cells to be detected is more important than that on number of beams to be detected per cell. On the other hand, UE could detect some beams from neighbor cells, which is useful for mobility when the quality of beam from neighbor cell is better than that from serving cell. 
Based on above discussion, there is no need to define the beams requirements per cell and we propose that the number of beams is defined per frequency layer i.e., UE should monitor [8] intra-frequency cells and total [k1] intra-frequency beams among serving and neighbor cells in case of sub-6GHz. On the other hand, in some cases UE can detect [k1] intra-frequency beams but all of cells may be not included. It is not good from the point of mobility. Therefore, the requirements of number of cells per frequency layer should be prioritized compared to the requirements of beams for mobility purpose. However, UE capability on number of beams to be detected/measured for beam management should be large enough. Therefore, UE capability requirements on number of beams should be separately specified between mobility measurement and beam management.
Regarding the number of beams, less than 10 beams per cell would be sufficient for cell level measurement for mobility purpose based on [2][3]. Considering proposal 1 in this paper, we propose that the number of beams per frequency layer is [8 *8] beams, i.e., [k1] and [k2] in the WF are 8.
Observation 1: If the measurement requirements are defined as Option 1 i.e., define capability on number of cells per frequency layer and number of beams per cell, total number of beams which UE has to monitor seems to be too large.
Observation 2: UE could detect some beams from neighbor cells and it is useful for mobility when the quality of beam from neighbor cell is better than that from serving cell.
Proposal 3: The number of beams is defined as Option 3 i.e., define capability on number of cells per frequency layer and number of beams per frequency layer.
Proposal 4: The requirements of number of cells per frequency layer should be prioritized compared to the requirements of beams from the point of mobility purpose.
Proposal 5: UE capability requirements on number of beams should be separately specified between mobility measurement and beam management because UE capability on number of beams to be detected/measured for beam management should be large enough.
Proposal 6: The number of beams per frequency layer should be defined as [8 *8] beams.
The number of carriers
In last meeting, following agreements were made regarding the number of carriers in [1].
	· Monitoring carrier number:
· IncMon feature shall be deprioritized in Rel-15 NR.
· the NR UE capability of frequency layers in CONNECTED mode is provided below for Release 15 NR.
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· Define the same UE capability for both NSA and SA in terms of number of NR inter-frequency carriers



The proposed requirement of NR carriers in last meeting is the same numbers as LTE IncMon feature. Since it has agreed that IncMon is deprioritized in Rel.15, it takes more time to perform measurements of 8 carriers than LTE measurements because all of measurements are performed by normal performance. The measurement delay leads to degrade mobility performance therefore too large number of carriers should avoid to be defined. On the other hand, 3 NR carriers are too small considering wider bandwidth operation or NR CA especially mm-wave case. Based on above and discussion in last meeting, 6 NR carriers seem to be feasible since LTE requirements are defined as 3 FDD carriers and 3 TDD carriers respectively in condition of normal performance.
Observation 3: It takes more time to perform measurements for 8 carriers than LTE measurements because all of measurements are performed by normal performance since it has agreed that IncMon feature is deprioritized in Rel.15 NR.
Proposal 7: 6 NR carriers are feasible since LTE requirements are defined as 3 FDD carriers and 3 TDD carriers respectively in condition of normal performance.
3 Conclusion
In this contribution, we provided our view on the number of cells, beams and carriers. Based on the discussion, we made following observations and proposal.
Proposal 1: 8 intra-frequency cells can be applied for both sub 6GHz and above 24GHz from our system simulation results.
Proposal 2: 4 inter-frequency cells can be applied for both sub 6GHz and above 24GHz, i.e. 4 inter-frequency cells since there is no difference between sub 6GHz and mm-wave from the point of intra-frequency.
Observation 1: If the measurement requirements are defined as Option 1 i.e., define capability on number of cells per frequency layer and number of beams per cell, total number of beams which UE has to monitor seems to be too large.
Observation 2: UE could detect some beams from neighbor cells and it is useful for mobility when the quality of beam from neighbor cell is better than that from serving cell.
Proposal 3: The number of beams is defined as Option 3 i.e., define capability on number of cells per frequency layer and number of beams per frequency layer.
Proposal 4: The requirements of number of cells per frequency layer should be prioritized compared to the requirements of beams from the point of mobility purpose.
Proposal 5: UE capability requirements on number of beams should be separately specified between mobility measurement and beam management because UE capability on number of beams to be detected/measured for beam management should be large enough.
Proposal 6: The number of beams per frequency layer should be defined as [8 *8] beams.
Observation 3: It takes more time to perform measurements for 8 carriers than LTE measurements because all of measurements are performed by normal performance since it has agreed that IncMon feature is deprioritized in Rel.15 NR.
Proposal 7: 6 NR carriers are feasible since LTE requirements are defined as 3 FDD carriers and 3 TDD carriers respectively in condition of normal performance.
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Release 15 LTE-NR NSA UE

The LTE-NR NSA UE shall be capable of monitoring at least per RAT group
- Depending on UE capability, [7] NR inter-frequency carriers
FFS: if E-UTRA should be included in 38.133

the UE shall be capable of monitoring a total of at least [z2] effective carrier frequency layers comprising of any above defined
combination of NR, [E-UTRA FDD, E-UTRA TDD if introduced].
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Release 15 LTE UE

The UE shall be capable of monitoringat least per RAT group

- Depending on UE capability, [x] TDD E-UTRA inter-frequency carriers, and
- Depending on UE capability, [y] FDD E-UTRA inter-frequency carriers, and
- Depending on UE capability, [8] NR inter-RAT carriers

the UE shall be capable of monitoring a total of at least [z1] effective carrier frequency layers comprising of any above defined combination of NR,
E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 carriers), cdma2000 1x and HRPD layers





