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1. Introduction
In the RAN4#85 meeting, there were extensive discussions on UE measurement capabilities in NR [1-10]. There were agreements on UE measurement capabilities and it was captured in [12]. However there are some open issues like number of cells and number of beams to be determined. 
In this contribution we provide further views on UE measurement capabilities in NR.
2. Discussion
2.1 Intra-frequency measurement
The number of cells and number of beams being monitored by UE for intra-frequency measurement are specified in [12] as below.
	For each intra-frequency layer the UE shall be capable of monitoring at least TBD cells.

For each intra-frequency layer, during each layer 1 measurement period, the UE shall be capable of monitoring at least TBD SSB with different SSB index and/or PCI and the UE shall be capable of monitoring at least one SSB per cell.


It was agreed in [11] the number of intra frequency cells the UE shall be capable of monitoring for FR1 is [8]. However in the spec it is open at present. The number of intra-frequency cells is not differentiated between FR1 and FR2. For intra-frequency mobility it would be better to have a larger number of cells being monitored. It is preferable to keep the previous agreements.
Proposal 1: The UE shall be capable of monitoring at least [8] cells for each intra-frequency layer.
The number of beams is defined for each intra frequency layer rather than for each cell. In addition the UE is also required to be capable of monitoring at least one beam per cell. There was concern that a UE may measure too many beams in one cell but only few cells is measured as long as the number of beams on the frequency layer is satisfied. With the additional requirement that UE should measure at least one beam per cell the concern can be addressed to some extent. It is up to UE implementation which beams of a cell on the intra-frequency layer is measured and reported.
The largest number of beams for SSB based measurement is 8 for FR1 and 64 for FR2. If the intra-frequency number cells and number of beams are not differentiated between FR1 and FR2 it seems it is a bit of tighten requirements for FR1. For FR2 it seems reasonable to monitor 3 or 4 beams per cell considering that the cell level quality will be derived by averaging several beams. The total number of beams per intra-frequency layer is thus to be 24 or 32 beams.
Proposal 2: The number of cells is [8] for each intra-frequency layer.

Proposal 3: The number of beams is [24] or [32] for each intra-frequency layer.

2.2 Inter-frequency measurement
The number of cells and number of beams being monitored by UE for inter-frequency measurement are specified in [12] as below.

	Per FR1 inter-frequency layer the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for

-
[FFS] identified-inter-frequency cells,
-
[FFS] identified SSB with distinct PCID and/or time index
Per FR2 inter-frequency layer the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for

-
[FFS] identified-inter-frequency cells,
-
[FFS] identified SSB with distinct PCID and/or time index


There was majority views that the number of cells the UE shall be capable of monitoring for inter frequency measurement is [4] and it is not differentiated for FR1 and FR2. We think the number is still reasonable. Though in the spec [12] the requirements for FR1 and FR2 are defined separately the same number can be used. It seems there is no strong motivation to specify different number of cells for FR1 and FR2 inter frequency measurement.  .

Proposal 4: The UE shall be capable of monitoring at least [4] cells for each inter-frequency layer for FR1.
Proposal 5: The UE shall be capable of monitoring at least [4] cells for each inter-frequency layer for FR2.
Regarding the number of beams it seems reasonable to monitor 4 beams per cell for FR1 considering that the cell level quality will be derived by averaging several beams. The total number of beams per inter-frequency layer for FR1 is to be 16. For FR2 in order to have better evaluation of cell quality the number of beams could be increased. It seems 6 or 8 beams per cell by average would be reasonable to reflect the cell level quality. The total number of beams per inter-frequency layer for FR2 is thus to be 24 or 32.
Proposal 6: The number of beams is [16] for each inter-frequency layer for FR1.

Proposal 7: The number of beams is [24] or [32] for each inter-frequency layer for FR2.

2.3 Number of frequency layer
The number of frequency layers being monitored by UE for EN-DC has been specified in [12] as below.
	If a UE is configured with E-UTRA-NR dual connectivity operation, the UE shall be capable of monitoring at least:

-
Depending on UE capability, [7] NR inter-frequency carriers configured by PScell, and 

-
Depending on UE capability, [7] NR inter-RAT carriers configured by E-UTRA PCell [15], and

-
Depending on UE capability, [6] E-UTRA TDD inter-frequency carriers configured by E-UTRA PCell [15], and

-
Depending on UE capability, [6] E-UTRA FDD inter-frequency carriers configured by E-UTRA PCell [15],


However there was a LS [13] from RAN plenary asks RAN4 to ensure that for EN-DC (Option 3), legacy EPS/E-UTRA interworking with GSM/UMTS is fully supported. We think the number of frequency layers being monitored by UE for EN-DC should be revised to include GSM/UMTS carriers. This is further discussed in our companion paper [14] to address the interworking issue with legacy network.
Proposal 8: The number of frequency layers should be further discussed.
3. Conclusion
In this contribution, we further provide our views on UE measurement capabilities in NR. Based on the observations following proposals are present.
Proposal 1: The UE shall be capable of monitoring at least [8] cells for each intra-frequency layer.
Proposal 2: The number of cells is [8] for each intra-frequency layer.

Proposal 3: The number of beams is [24] or [32] for each intra-frequency layer.

Proposal 4: The UE shall be capable of monitoring at least [4] cells for each inter-frequency layer for FR1.
Proposal 5: The UE shall be capable of monitoring at least [4] cells for each inter-frequency layer for FR2.
Proposal 6: The number of beams is [16] for each inter-frequency layer for FR1.

Proposal 7: The number of beams is [24] or [32] for each inter-frequency layer for FR2.

Proposal 8: The number of frequency layers should be further discussed.
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