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1 Introduction
In last RAN4 NR Adhoc#3 meeting, RAN4 had extensive discussion on UE measurement capabilities. The UE SSB based measurement capabilities for number of cells and beams to be monitored should be specified as frequency ranges dependent, e.g. Sub-6GHz and mmWave. And RAN4 did not reach the consensus on how to define the capability on number of cells and beams. The related options were captured in the WF [1] as follows: 
	WF on UE measurement capability 
· 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
 



In this contribution, we further discuss the UE measurement capability requirements and provide our consideration and proposals. 
2 Discussion
2.1    Number of beams to be monitored
According to RAN1’s agreement, the maximum number of SSB within SS burst set, L is different according to frequency range, thus, it is straightforward to define the number of beams to be monitored as frequency range dependent for UE SSB based measurement capability, e.g. sub-6GHz and mmWave. 
In last meeting, RAN4 discussed whether the number of beams should be defined per cell or per frequency layer. From our consideration, the number of beams should be defined on considering UE mobility performance aspect and UE power consumption aspect. Thus, we propose to define both the number of beams per cell and the total number of beams per frequency layer, and the total number of beams per frequency layer should be larger than the product of beam numbers per cell and cell numbers. The total number of beams could provide more useful information for UE mobility, e.g. more beams can be monitored for good cell. For sub-6GHz scenario, if UE is required to be capable of performing measurement for at least 8 intra-frequency cells, we propose UE shall be capable of monitoring at least [2] beams per cell and at least total of [20] beams per frequency layer. 
Proposal 1: Define capability on number of beams per cell and number of beams per frequency layer.
Proposal 2: For sub-6GHz, UE shall be capable of monitoring at least [2] beams per cell and at least total of [20] beams per frequency layer.
Proposal 3: For mmWave, UE shall be capable of monitoring at least [4] beams per cell and at least total of [20] beams per frequency layer.
2.2    Number of cells to be monitored
Generally, the LTE UE shall be capable of performing measurement for at least 8 cells per frequency layer for intra-frequency measurements and at least 4 cells per frequency layer for inter-frequency measurements. The number of cells per frequency layer that UEs should perform measurement depends on the network deployment and SINR level that UE can measure. Compared the deployment assumptions in TR38.802 with the LTE deployment, there are not big difference from network topology, the neighbour cells which need to be monitored for mobility might be similar as legacy LTE. So, we propose to reuse the 8 identified intra-frequency cells and at least 4 inter-frequency cells per inter-frequency for NR UE measurement capability for frequency range sub 6GHz. 
However for above 6GHz, if the Rx beamforming is used for UE, UE could not able to detect and measure multiple neighbour cells during one measurement gap duration. As show in figure 1, UE can only detect and measure one neighbour cell at a time, e.g. neighbour cell 2. If the intra-frequency measurement capability requirements for sub-6GHz can be reused for mmWave scenario, the cell identification delay will be increased significantly compared with Sub-6GHz case. Thus, for a given intra-frequency measurement period, e.g.200ms, the number of identified-intra-frequency cells to be monitored will be less than 8. For mmWave scenario, we propose UE shall be able to monitor at least [4] identified-intra-frequency cells for intra-frequency measurement and at least [2] cells per frequency for inter-frequency.


Figure 1: Rx beam switching for intra-frequency measurement
Proposal 4: For frequency range sub 6GHz, the NR UE shall be capable of performing measurements for 8 indentified-intra-frequency cells and at least 4 inter-frequency cells per frequency layer.
Proposal 5: For mmWave, the NR UE shall be capable of performing measurements for [4] indentified-intra-frequency cells and at least [4] inter-frequency cells per frequency layer.
2.3   Number of frequency layers to be monitored
In WF [1], the NR UE capability of frequency layers is defined separately according whether the NR carrier is added or not. When NR carrier is not added, the Rel-15 LTE UE should be capable of monitoring the a total number of frequency layers comprising of any combination of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 carriers), cdma2000 1x and HRPD layers. Considering current number of LTE bands and band combinations, the number of frequency layers for LTE IncMon UE could be reused, thus, we propose to Rel-15 LTE UE shall be capable of monitoring at least 8 FDD EUTRA frequency layers and at least 8 TDD EUTRA frequency layers. And the effective total number of frequency layers to be monitored could be 15.
	Release 15 LTE UE

	The UE shall be capable of monitoring at least per RAT group 
-     Depending on UE capability, [8] TDD E-UTRA inter-frequency carriers, and 
-     Depending on UE capability, [8] 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 [16] 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 



When NR carrier is added, the Rel-15 LTE-NR NSA UE can only be able to monitor E-UTRA FDD, E-UTRA TDD and NR carriers. The number of frequency layers for E-UTRA FDD/TDD inter-frequency carriers and NR inter-RAT carriers could be reused for Rel-15 LTE-NR NSA UE.
	Release 15 LTE-NR NSA UE

	The UE shall be capable of monitoring at least per RAT group 
-     Depending on UE capability, [8] NR inter-frequency carriers, and
-     Depending on UE capability, [8] TDD E-UTRA inter-RAT carriers, and 
-     Depending on UE capability, [8] FDD E-UTRA inter-RAT carriers

	The UE shall be capable of monitoring a total of at least [16] effective carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD, E-UTRA TDD layers. 



Proposal 6: The NR UE capability of frequency layers for NSA scenario is defined in tables as follows:
	Release 15 LTE UE

	The UE shall be capable of monitoring at least per RAT group 
-     Depending on UE capability, [8] TDD E-UTRA inter-frequency carriers, and 
-     Depending on UE capability, [8] 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 [16] 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 



	Release 15 LTE-NR NSA UE

	The UE shall be capable of monitoring at least per RAT group 
-     Depending on UE capability, [8] NR inter-frequency carriers, and
-     Depending on UE capability, [8] TDD E-UTRA inter-RAT carriers, and 
-     Depending on UE capability, [8] FDD E-UTRA inter-RAT carriers

	The UE shall be capable of monitoring a total of at least [16] effective carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD, E-UTRA TDD layers. 




3	Conclusion
In this paper, we further discuss the NR UE measurement capability requirements and make our proposals as follows:
Proposal 1: Define capability on number of beams per cell and number of beams per frequency layer.
Proposal 2: For sub-6GHz, UE shall be capable of monitoring at least [2] beams per cell and at least total of [20] beams per frequency layer.
Proposal 3: For mmWave, UE shall be capable of monitoring at least [4] beams per cell and at least total of [20] beams per frequency layer.
Proposal 4: For frequency range sub 6GHz, the NR UE shall be capable of performing measurements for 8 indentified-intra-frequency cells and at least 4 inter-frequency cells per frequency layer.
Proposal 5: For mmWave, the NR UE shall be capable of performing measurements for [4] indentified-intra-frequency cells and at least [4] inter-frequency cells per frequency layer.
Proposal 6: The NR UE capability of frequency layers for NSA scenario is defined in tables as follows:
	Release 15 LTE UE

	The UE shall be capable of monitoring at least per RAT group 
-     Depending on UE capability, [8] TDD E-UTRA inter-frequency carriers, and 
-     Depending on UE capability, [8] 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 [16] 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 



	Release 15 LTE-NR NSA UE

	The UE shall be capable of monitoring at least per RAT group 
-     Depending on UE capability, [8] NR inter-frequency carriers, and
-     Depending on UE capability, [8] TDD E-UTRA inter-RAT carriers, and 
-     Depending on UE capability, [8] FDD E-UTRA inter-RAT carriers

	The UE shall be capable of monitoring a total of at least [16] effective carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD, E-UTRA TDD layers. 



4	Reference 
[1]		R4-1709909	Way Forward on UE measurement definition and capability, Intel

image1.emf
Neighbor Cell 3

Neighbor Cell 2

Serving Cell 1


oleObject1.bin

