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1. Introduction
In RAN4 AH NR#3 meeting, some agreements were made in WF[1] for 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

· 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

· 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

· 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.

· Define the same UE capability for both NSA and SA in terms of number of NR inter-frequency carriers
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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

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].







In this contribution we continue to have discussion on the UE measurement capability based on the latest progress. 

2. Discussion UE measurement capability
2.1. Measurement capability categories

There were some candidates of measurement capability options in the WF[1], and it is worthwhile to select a feasible option before defining the measurement capability. The main idea for our analysis is based on decoupling two parallel measurement capability, for instance, UE may support capability A and B, as long as capability B won’t impact the capability A, we can define the capability requirement for A and B respectively. 
In last meeting some companies mentioned that, in legacy LTE, we have UE capability requirement of carrier number on each RAT and also we have a capability requirement of total carrier number for all RATs. This is a different case, because all the carrier/frequency layers can be associated with different measurement objects, which means network can control the UE measurement focus on multiple layers based on UE capability. However, for monitoring cell number and beams, they may be included in one measurement object, that is, if we define two capability requirements of cell number or beam number who impact each other, we cannot judge which capability requirement UE didn’t fulfil since those two requirements are linked.
( Option 1: define capability on number of cells per frequency layer and number of beams per cell 
It’s more straightforward way to specify the UE capability, the Tx beam number shall not be a bottleneck to UE as long as the SSBs in one SS burst set periodicity are associated with all Tx beams, but the measurement delay might be extended by how many Rx beams UE is using. Since number of cells per frequency layer and number of beams per cell are two decoupled capability requirement which will not impact each other, we prefer to use option 1 for the requirements.
(Option 2: define capability on number of beams per frequency layer
It’s unclear definition for capability requirement by only using beam number, and it make less sense from mobility point of view in case UE monitors large number of beams on only one cells without any limitation of cell number. This option may not benefit the mobility performance.

(Option 3: define capability on number of cells per frequency layer and number of beams per frequency layer
In option 3, two capability requirements may impact each other, and there might be some limitation on those two capability requirements. For instance, if on F1 there are 4 cells and each cell has 16 Tx beams and the UE capability requirement is defined as 4 cell per frequency layer and 32 beams per frequency layer, then UE may only 2 cells and 16 beams for each cell and report the measurement results to NW, in the testing, we cannot judge if this UE is a good UE or bad UE. As analysed above, option 3 with coupled capability requirements might not be a good choice.  
Proposal 1: RAN4 shall define capability on number of cells per frequency layer and number of beams per cell.
2.2. Clarification on methodology for defining core requirement 

Since the measurement resource(e.g. gap amount, measurement delay) is limited in RRM, we need to define the measurement capability of UE to make sure all the certified UEs are able to conduct certain number of measurements within the limited measurement resource. So that means, the methodology for defining core requirement will impact the measurement capability in some sense, e.g. if the measurement delay can be scaled by the number of frequency layers without any mobility limitation, then UE may able to support more frequency layers since the measurement resource is sufficient.
In addition, in NR we have more dimensions of measurement resource which needs to be considered, such as, beamforming patterns, numerologies, and etc. So before we go to the numeric value of each capability requirement, we need to align the understanding the methodology for defining the core requirements.

Especially, for the measurement with gap, since gap resource is shared by the measurement of multiple frequency layers and only one single frequency layer can be measured within one gap duration, we need to think about which measurements on a single frequency layer cannot be conducted in a single gap duration in the NR scenarios. We cannot directly use the number of frequency layers to scale the requirement delay, since on the same frequency layer the measurements of different cells may not be able to be conducted simultaneously due to different Rx beamforming, mixed numerologies and/or different SMTC configurations. So instead of legacy frequency layer we may need to define an “effective frequency layer” which can be used to proportional scale the baseline requirement, like frequency layer in LTE inter-frequency measurement. Since in NR, signals with different Rx beamforming or different numerologies or different SMTC configurations cannot be measured at one single instance, we may define that: the multiple signals can be measured simultaneously as long as they belong to an identical effective frequency layer which has the same Rx beamforming, same single numerology and same SMTC configuration (e.g. SMTC offset).
Proposal 2: The multiple signals can be measured simultaneously as long as they belong to an identical effective frequency layer which has the same Rx beamforming, same single numerology and same SMTC configuration (e.g. SMTC offset).
Proposal 3: RAN4 needs to clarify the methodology for defining core requirement before specifying the UE measurement capability.
3. Conclusions

In this contribution we continue to have discussion on the UE measurement capability based on the latest progress.. 

Proposal 1: RAN4 shall define capability on number of cells per frequency layer and number of beams per cell.
Proposal 2: The multiple signals can be measured simultaneously as long as they belong to an identical effective frequency layer which has the same Rx beamforming, same single numerology and same SMTC configuration (e.g. SMTC offset).
Proposal 3: RAN4 needs to clarify the methodology for defining core requirement before specifying the UE measurement capability.
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