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1. Introduction

At the RAN4 #84bis meeting, UE measurement capability requirements including frequency layer number, cell number and beam number were discussed [1].
In this contribution, we present our views on the UE measurement capability requirements for Rel-15 NR.
2. Discussion
Number of cells
At the RAN4 NR-AH#3 meeting, following agreements were made regarding the number of cells per frequency layer [2].
	· 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


Even though system level simulation results summarized in [3] show that the number of detectable cells is less than 8 for a large portion of UEs, UE in practice could detect more than 10 cells in dense urban LTE deployment such as in Tokyo. Since NR deployment could be denser than LTE deployment, it is important to have sufficiently large number of cells as UE measurement capability requirements for NR mobility. Therefore, we propose to reuse number of cells in LTE for NR sub-6 and mmWave requirements.
Proposal 1:

· For both FR1 and FR2:

· For SSB based intra-frequency measurement with and without measurement gap, UE shall be capable of simultaneously monitoring at least 8 identified SSB based intra-frequency cells.

· For SSB based inter-frequency measurement, UE shall be capable of performing SSB based measurements of at least 4 cells per frequency layer.
Number of beams
At the RAN4 NR-AH#3 meeting, following agreements were made regarding the number of beams [2].
	· 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


According to the discussion so far, total number of beams to be monitored by UE per frequency layer might be limited due to UE complexity. Therefore, the capability requirement on number of beams per frequency layer would need to be defined. In our view, if there is a serious concern on performing measurement on large number of beams (e.g., 64) in terms of UE complexity, minimum requirement could be set to less than 64 as long as UE meets requirement on number of cells. This is because that for mobility measurement, UE can derive measurement result for a cell based on a few number of beams from the cell. Therefore, for example, if the minimum requirement on number of beams per frequency layer is defined as 32 for intra-frequency measurement, UE shall be capable of performing measurements on at least 8 intra-frequency cells and at least 32 beams in total from those cells. This means that 32 beams may not be best 32 beams for the UE. These 32 beams should include at least 1 best beam per cell for the best 8 cells so that the UE is capable of monitoring at least those 8 cells (as long as there are equal to or larger than 8 detectable cells for the UE). Proposed concept of measurement capability requirements on number of cells and number of beams is shown in Figure 1.
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Figure 1: Concept of UE measurement capability requirements on number of cells and beams per frequency layer

Proposal 2:

· For both FR1 and FR2:

· For SSB based intra-frequency measurement with and without measurement gap, UE shall be capable of performing measurements of at least [32] beams per frequency layer.

· For SSB based inter-frequency measurement, UE shall be capable of performing SSB based measurements of at least [16] beams per frequency layer.
Proposal 3:
· UE shall meet measurement capability requirements on number of cells and number of beams per frequency layer simultaneously.

· Note that measured N beams may not be best N beams for the UE, but measured N beams include at least one best beam per cell for M best cells for the UE.
In the proposed concept of UE measurement capability requirements, one potential concern is that how to select beams to be measured seems a bit unclear. In such case, it is also possible to add the measurement capability requirement on number of beams per cell in addition to above. For example, at least [4] beams per cell could be reasonable minimum requirement for mobility purpose since the cell measurement can be based on a few beams from the cell as mentioned above. However, for beam management and radio link monitoring, [4] beams to be measured would be insufficient. Therefore, we propose that if minimum measurement capability requirement on the number of beams per cell is defined, it should be independent from minimum capability requirements on the number of beams for beam management and that for radio link monitoring.
Proposal 4:
· If the minimum measurement capability requirement on the number of beams per cell is defined, it should be independent from minimum capability requirements on the number of beams for beam management and that for radio link monitoring.

Number of carriers
At the RAN4 NR-AH#3 meeting, following agreements were made regarding UE measurement capability requirements on the number of carriers [2].
	· 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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First, the minimum requirements on the total number of E-UTRA carriers to be measured should be larger than 6 carriers, which is derived from legacy LTE normal requirements, i.e., 3 LTE-FDD carriers and 3 LTE-TDD carriers because there are a lot of E-UTRA bands now compared to Rel.8. We propose to reuse LTE IncMon numbers, i.e., 8 LTE-FDD carrier and 8 LTE-TDD carriers. Also, when LTE-NR DC is configured to the UE, MN and SN can configure both E-UTRA and NR measurement objects independently based on RAN2 agreement. Therefore, the minimum requirements on the total number of E-UTRA carriers should be included in 38.133.
Proposal 5:
Following requirements for E-UTRA carriers should be defined:
· Release 15 LTE UE shall be capable of performing measurements of at least 8 FDD E-UTRA inter-frequency carriers
· Release 15 LTE UE shall be capable of performing measurements of at least 8 TDD E-UTRA inter-frequency carriers
· Release 15 LTE-NR NSA UE shall be capable of performing measurements of at least 8 FDD E-UTRA inter-RAT carriers
· Release 15 LTE-NR NSA UE shall be capable of performing measurements of at least 8 TDD E-UTRA inter-RAT carriers

Regarding the number of NR inter-RAT carriers to be measured for Release 15 LTE UE, even though both MN and SN can configure NR measurement object independently, at least 8 NR inter-RAT carriers would be enough in Rel.15 and it is not necessary to consider the coordination between MN and SN in terms of the number of configured measurement objects. 
Proposal 6:
Following requirements for NR carriers should be defined:
· Release 15 LTE UE shall be capable of performing measurements of at least 8 NR inter-RAT carriers.
· Release 15 LTE-NR NSA UE shall be capable of performing measurements of at least 7 NR inter-frequency carriers
If all of carriers including E-UTRA and NR should be performed measurement simultaneously, e.g., 24 carriers in total, it would be too large number and would cause long measurement delay. Therefore, we propose that the minimum requirement on the total number of carriers including E-UTRA and NR to be measured simultaneously is 16 (or 15). Although it is larger number than that in LTE IncMon i.e., 12 carriers in total, such larger number would be necessary considering additional NR carriers.
Proposal 7:

· Release 15 LTE UE shall be capable of performing measurements of at least 16 effective carriers in total.
·  Release 15 LTE-NR NSA UE shall be capable of performing measurements of at least 15 effective carriers in total.
3. Conclusion 

In this contribution, we presented our views on the UE measurement capability requirements for Rel-15 NR.  Based on the discussion, we made following proposals. 
Proposal 1:

· For both FR1 and FR2:

· For SSB based intra-frequency measurement with and without measurement gap, UE shall be capable of simultaneously monitoring at least 8 identified SSB based intra-frequency cells.

· For SSB based inter-frequency measurement, UE shall be capable of performing SSB based measurements of at least 4 cells per frequency layer.
Proposal 2:

· For both FR1 and FR2:

· For SSB based intra-frequency measurement with and without measurement gap, UE shall be capable of performing measurements of at least [32] beams per frequency layer.

· For SSB based inter-frequency measurement, UE shall be capable of performing SSB based measurements of at least [16] beams per frequency layer.
Proposal 3:
· UE shall meet measurement capability requirements on number of cells and number of beams per frequency layer simultaneously.

· Note that measured N beams may not be best N beams for the UE, but measured N beams include at least one best beam per cell for M best cells for the UE.

Proposal 4:
· If the minimum measurement capability requirement on the number of beams per cell is defined, it should be independent from minimum capability requirements on the number of beams for beam management and that for radio link monitoring.

Proposal 5:
Following requirements for E-UTRA carriers should be defined:
· Release 15 LTE UE shall be capable of performing measurements of at least 8 FDD E-UTRA inter-frequency carriers
· Release 15 LTE UE shall be capable of performing measurements of at least 8 TDD E-UTRA inter-frequency carriers
· Release 15 LTE-NR NSA UE shall be capable of performing measurements of at least 8 FDD E-UTRA inter-RAT carriers
· Release 15 LTE-NR NSA UE shall be capable of performing measurements of at least 8 TDD E-UTRA inter-RAT carriers

Proposal 6:
Following requirements for NR carriers should be defined:
· Release 15 LTE UE shall be capable of performing measurements of at least 8 NR inter-RAT carriers.
· Release 15 LTE-NR NSA UE shall be capable of performing measurements of at least 7 NR inter-frequency carriers
Proposal 7:

· Release 15 LTE UE shall be capable of performing measurements of at least 16 effective carriers in total.
·  Release 15 LTE-NR NSA UE shall be capable of performing measurements of at least 15 effective carriers in total.
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