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1. Introduction

UE measurement capability has been widely discussed in previous RAN4 meetings. In last RAN4 NR#3 a WF approved in [1] to capture agreements on UE measurement definition and capability. In this contribution, we provide further discussion on the open issues.
2. Agreements in RAN4 NR#3

· 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
3. Discussion
On how to define measurement capability per reference signal type, three options were agreed. Here we provide further discussion on each option.

· 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

Considering potential mobility, UE in wireless communication system needs to monitor the channel quality not only for serving cell, but also for some neighbor cells. In other words, although UE is doing business only with serving cell, UE also needs to find out some candidate neighbor cell and monitor them in order to avoid/shorten traffic interruption when serving cell quality becomes poor. 
Option 2 is to only define total number of beams per frequency layer. This can directly reflect the UE measurement complexity. However, from network perspective, it may not be the best option. It is possible that all the beams being monitored by the UE are coming from serving cell, especially for cell center UE. The consequence is that if UE is moving quite fast and serving cell quality suddenly become poor, UE will start searching for new neighbor cell. In LTE UE may spend hundreds of milliseconds to find a new cell. In NR, UE may also spend such long time to find a new neighbor cell, especially when long SSB periodicity is configured, e.g. 160ms. Therefore, UE may suffer from long interruption due to neighbor cell search/measurement latency.
Thus it is also necessary to define capability on number of cells per frequency. In both option 1 and 3 this number is to be defined. The difference is whether the number of beams is to be defined per cell or per frequency layer. 
Actually, in option 3, defining total number (k1) of beams per frequency layer somehow conflict with defining total number (x) of cells per frequency. UE may still face the case that all the beams being monitored are coming from the first one or two strongest cell(s). That means even if the rest neighbor cells can also be detectable (i.e. above certain threshold), UE may not need to monitor them (e.g. 3rd and 4th strongest cells) if it follow the capability of number of beams per frequency layer. On the other hand, if UE follow the capability of number of cells per frequency layer, then UE may need to monitor more than x beams per frequency layer, unless UE drops some better beams in the stronger cell(s). 
However, if UE drops some beams in stronger cell(s) and chooses to monitor some beam from weaker cell, then option 3 would become option 1 actually. In option 1, not all the beams being monitored by the UE may not be the most best beams that UE can observe. However, it is beneficial from mobility point of view since it can prevent the case that all UE only monitors beams from serving cell.
Proposal 1: measurement capability should be defined on number of cells per frequency layer and number of beams per cell.
Another issue is on the exact number of cells and beams UE needs to monitor. In last RAN4 NR#3, an updated system level simulation assumption was approved in [2], based on which we carried out simulation and provided corresponding simulation results in our companion contribution in [3]. Here we duplicate the observations to elaborate our view:
	Observation 1: For urban macro 4GHz with 8 SS blocks within SS burst set, total 6 beams are observed, of which 3 beams belong to serving cell and 3 beams belong to neighbour cells. 
Observation 2: For urban macro 4GHz with 8 SS blocks within SS burst set, 3 cells are observed, of which 1 is serving cell, 2 are neighbour cells.
Observation 3: For urban macro 30GHz with 16 SS blocks within SS burst set, total 13 beams are observed, of which 5 beams belong to serving cell and 8 beams belong to neighbour cells. 
Observation 4: For urban macro 30GHz with 16 SS blocks within SS burst set, 3~4 cells are observed, of which 1 is serving cell, 2~3 are neighbour cells.
Observation 5: For indoor hotspot 30GHz with 16 SS blocks within SS burst set, total 16 beams are observed, of which 8 beams belong to serving cell and 8 beams belong to neighbour cells. 
Observation 6: For indoor hotspot 30GHz with 16 SS blocks within SS burst set, 3cells are observed, of which 1 is serving cell, 2 are neighbour cells


Note that system simulation results highly depend on simulation assumption. Change of parameters may have big impact on the results. As can be seen in above table, for sub 6GHz total 6 beams and 3 cells can be observed. Considering some tolerance and the same deployment of sub 6GHz as LTE, we think it is rational to follow the agreement in last meeting that [8] intra frequency cells and [4] cells per inter frequency should be monitored for sub 6GHz. UE usually can observe more beams from serving cell than each neighbor cell. Therefore we propose define UE capability with different number of beams for serving cell and neighbor cells. Based on the analysis and our simulation results, the following proposals are made:
Proposal 2: define UE capability with different number of beams for serving cell and neighbour cells.

Proposal 3: for SSB based in sub 6GHz, UE is required to at least simultaneously monitor [6] identified SSB based beams for serving cell, [4] identified SSB based beams for neighbour cell.
For mmWave, the methodology can be the same. The difference is that in mmWave each cell may transmit much more beams than sub 6GHz. Beams are relatively narrow compared to sub 6GHz. As can be seen in our simulation results, UE in 30GHz can observe more beams per cell than sub 6GHz. Thus, it is rational to define larger number of beams on UE capability in mmWave. However, in order to avoid the significant impact on UE baseband complexity, it is proposed to reduce the number of cells need to be monitored in UE capability. Actually, deployment in mmWave will be different from sub 6GHz. It is unlikely that the number of cells in sub 6GHz can be reused in mmWave.
Based on the discussion and our simulation results, we propose:
Proposal 4: for SSB based in mmWave, UE is required to at least simultaneously monitor [12] identified SSB based beams for serving cell, [8] identified SSB based beams for neighbour cell.

Proposal 5: for mmWave:

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [4] 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 [2] cells per frequency layer

4. Conclusions
In this contribution we provide further discussion on UE measurement capability based on the agreements in last RAN4 meeting. After discussion following conclusions are made:
Proposal 1: measurement capability should be defined on number of cells per frequency layer and number of beams per cell.
Proposal 2: define UE capability with different number of beams for serving cell and neighbour cells.
Proposal 3: for SSB based in sub 6GHz, UE is required to at least simultaneously monitor [6] identified SSB based beams for serving cell, [4] identified SSB based beams for neighbour cell.
Proposal 4: for SSB based in mmWave, UE is required to at least simultaneously monitor [12] identified SSB based beams for serving cell, [8] identified SSB based beams for neighbour cell.
Proposal 5: for mmWave:
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [4] 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 [2] cells per frequency layer
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