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1. Introduction
In the last RAN4 meeting, there were changes on reporting criteria requirements for NR. However the changes bring some issues on measurement reporting configuration on NR serving frequencies. Furthermore requirements for reporting criteria has not been finalized.
In this contribution, we provide our views on remaining issues on reporting criteria for NR.

2. Discussion
2.1. EN-DC reporting criteria
The reporting criteria requirements for EN-DC in TS 38.133 are specified as below.
	The UE shall be able to support in parallel per category up to Ecat reporting criteria according to Table 9.1.4.2-1. For the measurement categories belonging to intra-frequency, inter-frequency, and inter-RAT measurements (i.e. without counting other categories that the UE shall always support in parallel), the UE need not support more than the total number of reporting criteria as follows:
-	For UE configured with EN-DC: , where

 is the total number of NR reporting criteria applicable for UE configured with EN-DC according to Table 9.1.4.2-1, and  is the number of configured NR serving frequencies, including PSCell and SCells carrier frequencies,
 is the total number of E-UTRA reporting criteria configured by E-UTRA PCell except PSCell and SCell carrier frequencies, as specified in TS 36.133 [15] for UE configured with EN-DC.


It is clearly specified in TS 38.133 that total number of E-UTRA reporting criteria  does not include NR serving cells carrier frequencies configured by E-UTRA PCell. 
The reporting criteria requirements for EN-DC in 36.133 are specified as below.
	The UE capable of supporting EN-DC operation with NR PSCell and one or more NR carrier frequencies in total shall be able to support in parallel per category up to Ecat reporting criteria according to table 8.2.2-1. For the measurement categories belonging to measurements on: E-UTRA intra-frequency cells, E-UTRA inter-frequency cells, inter-RAT per supported RAT, and NR cells on serving and non-serving carrier frequencies (i.e. without counting other categories that the UE shall always support in parallel), the UE need not support more than the number of reporting criteria, excluding reporting criteria specified in TS 38.133 [50] that are applicable for the UE configured with EN-DC operation, as follows:
-	[36] reporting criteria if the UE is not configured with any SCell or PSCell carrier frequency or NR SCell or NR PSCell,
-	[36] reporting criteria if the UE is not configured with any SCell or NR SCell but configured with one NR PSCell carrier frequency.



In Table 8.2.2-1 in TS36.133 the measurement category for NR carrier frequency is Inter-RAT NR measurement only. According to the description of measurement category on inter-RAT NR carrier frequency in the table, which is copied as follows, the measurements on inter-RAT NR is only applicable for NR non-serving carrier frequencies.
	Inter-RAT NR carrier frequency Note 5
	[10]
	Events for NR cells on all inter-RAT NR carrier frequencies for UE capable of EN-DC operation. Only applicable for UE with this capability and measurements on any of the NR carrier frequencies other than the carrier frequency of the NR PSCell or NR SCell.


However when E-UTRA PCell configures measurements on any NR carrier frequencies, including NR serving carrier frequencies, it is always to be inter-RAT measurements from reporting criteria perspective. In general E-UTRA PCell doesn’t know the NR serving carrier frequencies. Consequently E-UTRA PCell may not be able configure 10 reporting criteria for NR non-serving carrier frequencies. 
Observation 1: E-UTRA PCell may not be able configure 10 reporting criteria for NR non-serving carrier frequencies if NR serving carrier frequencies is not known to E-UTRA PCell. 
On the other hand, there is one note in Table 9.1.4.2-1 in TS 38.133 as follows.
	Measurement category
	Ecat
	Note

	Intra-frequency Note 1,2,3,4,5
	9
	Events for any one or a combination of intra-frequency SS-RSRP, SS-RSRQ, and SS-SINR for NG-RAN intra-frequency cells

	Inter-frequency Note 2,3,4,5
	10
	Events for any one or a combination of inter-frequency SS-RSRP, SS-RSRQ, and SS-SINR for NG-RAN inter-frequency cells

	NOTE 1:	When the UE is configured with PSCell and SCell carrier frequencies, Ecat for Intra-frequency is applied per corresponding NR serving frequency.
NOTE 2: Applicable for UE configured with SA NR operation mode.
NOTE 3: Applicable for UE configured with EN-DC operation mode.
NOTE 4: Applicable for UE configured with NE-DC operation mode.
NOTE 5: Applicable for UE configured with NR-DC operation mode.



The reporting criteria for intra-frequency measurement is 9 per NR serving frequency. The reporting criteria for inter-frequency measurement is 10 in total. The total number of NR reporting criteria is . This means that the NR reporting criteria only takes measurements configured by NR PSCell into account. This would bring some issues for measurement configuration for E-UTRA PCell as the reporting criteria for inter-RAT measurements on NR serving carriers is not specified. When E-UTRA PCell configures Inter-RAT measurements on NR serving carrier frequencies, it may exceeds UE capability of reporting criteria. It is possible if NR PSCell configures NR reporting criteria at maximum total number for intra frequency measurements allowed by UE capability. 
Observation 2: It may exceed UE capability of reporting criteria if E-UTRA PCell configures inter-RAT measurements on NR serving carrier frequencies.
Therefore the total number of NR reporting criteria needs to be increased to take the reporting criteria configured by E-UTRA PCell for inter-RAT measurements on NR serving carrier frequencies into account. In our view it would be reasonable to increase 2 reporting criteria per NR serving carrier frequency. While reporting criteria for intra-frequency measurements configured by NR PSCell per serving carrier should still be 9. The increased reporting criteria is for inter-RAT measurements configured by E-UTRA PCell on NR serving carrier frequencies.
Proposal 1. The total number of NR reporting criteria for EN-DC is increased to .
There is no reporting criteria in TS 36.133 for EN-DC when E-UTRA SCell(s) and/or NR SCell(s) are configured. It is not clear what the E-UTRA reporting criteria would be when SCell(s) is configured. It is necessary to add corresponding requirements for this scenario. Similar requirements as in TS 38.133 for serving carrier frequencies, i.e. scaled by the number of serving carrier frequencies, can be specified.
Proposal 2. The E-UTRA reporting criteria for EN-DC when E-UTRA SCell(s) and NR SCell(s) are configured is necessary to be specified.
Proposal 3. Reporting criteria for EN-DC is 36+9*n when the UE is configured with SCell or PSCell carrier frequencies and with one NR PSCell carrier frequency, and n is the number of E-UTRA SCell and PSCell carrier frequencies.

2.1. NE-DC reporting criteria
The structure of reporting criteria requirements for NE-DC is quite similar to EN-DC. The reporting criteria is separated for measurement categories on NR carrier frequencies and E-UTRA carrier frequencies. Further reporting criteria for E-UTRA carrier frequencies is separated for serving carrier frequencies and non-serving carrier frequencies.
	[bookmark: _Hlk4601124]-	For UE configured with NE-DC:, where

 is the total number of NR reporting criteria according to Table 9.1.4.2-1, and  is the number of configured NR serving frequencies, including PCell and SCells carrier frequencies,
, where
 is the total number of inter-RAT E-UTRA reporting criteria configured by PCell except E-UTRA PSCell and E-UTRA SCell carrier frequencies, according to Table 9.1.4.2-1,
 is the total number of E-UTRA reporting criteria including E-UTRA PSCell and SCell carrier frequencies as specified in TS 36.133 [15] for UE configured with NE-DC.


Since measurements on NR carrier frequencies can only be configured by NR PCell, the current reporting criteria for measurements on NR carrier frequencies is fine when UE is in NE-DC operation. For reporting criteria for measurements on E-UTRA carrier frequencies, the number is not specified yet.
	The UE capable of supporting and configured with NE-DC operation with PSCell and NR PCell and one or more NR carrier frequencies in total shall be able to support in parallel per category up to Ecat reporting criteria according to table 8.2.2-1. For the measurement categories belonging to measurements on: E-UTRA intra-frequency cells and E-UTRA inter-frequency cells, inter-RAT per supported RAT, and NR cells on serving and non-serving carrier frequencies (i.e. without counting other categories that the UE shall always support in parallel), the UE need not support more than the number of reporting criteria, excluding reporting criteria specified in TS 38.133 [50] that are applicable for the UE configured with NE-DC operation, as follows:
-	[TBD] reporting criteria if the UE is not configured with any SCell or NR SCell.


Regarding the number of reporting criteria for E-UTRA carriers specified in TS36.133 we propose to use similar approach as in TS 38.133 for NR carriers which makes the spec more consistently. Furthermore as measurements on E-UTRA serving carrier frequencies can be configured by E-UTRA PSCell and NR PCell. The same issue as in EN-DC would happen that configured measurements could exceed UE capability. So measurements on E-URTA serving carrier frequencies is increased by 2 to address this issue. 

Proposal 4. For NE-DC, the total number of E-UTRA reporting criteria is , and  is the number of configured E-UTRA serving frequencies, including PSCell and SCells carrier frequencies.

2.3. NR-DC reporting criteria
The NR-DC reporting criteria is specified as follows.
	-	For UE configured with NR-DC: , where

  is the total number of NR reporting criteria according to Table 9.1.4.2-1, and  is the number of configured NR serving frequencies, including PCell, PSCell and SCells carrier frequencies,
 is the total number of inter-RAT E-UTRA reporting criteria according to Table 9.1.4.2-1.


The reporting criteria for NR-DC is exactly same as for SA. For measurements on E-UTRA carrier frequencies it can only be configured by NR PCell, so the reporting criteria for E-UTRA carrier frequencies is of no issue in practical network. However measurements on NR carrier frequencies can be configured by both PCell in FR1 and PSCell in FR2. It means NR PCell and PSCell have to share the reporting criteria. For non-serving carrier frequencies, the UE measurement capability is as follows.
	The UE shall be capable of monitoring a total of at least [7] effective NR carrier frequency layers excluding NR serving carrier(s), which are configured by PCell and PSCell.


Since the total number of non-serving carrier frequencies that UE shall be capable of monitoring is shared by PCell and PSCell, the reporting criteria on non-serving carrier frequencies needs to be shared by PCell and PSCell either. But for measurements on NR serving carrier frequencies it can be treated differently. For example, MN may configure 9 intra frequency reporting criteria for an NR serving carrier added by MN. Then if SN configures inter frequency measurements on this serving carrier it may beyond UE reporting criteria capability. Similar approach that increase reporting criteria on serving carrier frequencies can be used. Since it is inter-frequency measurement in NR-DC we propose to increase number of reporting criteria for serving carrier frequencies by 2.
Proposal 5. The total number of NR reporting criteria for NR-DC is increased to .
3. Conclusion
In this contribution, we provide our views on remaining issues on reporting criteria for NR. Based on the observations following proposals are present. 
Observation 1: E-UTRA PCell may not be able configure 10 reporting criteria for NR non-serving carrier frequencies if NR serving carrier frequencies is not known to E-UTRA PCell. 
Observation 2: It may exceed UE capability of reporting criteria if E-UTRA PCell configures inter-RAT measurements on NR serving carrier frequencies.
Proposal 1. The total number of NR reporting criteria for EN-DC is increased to . 
Proposal 2. The E-UTRA reporting criteria for EN-DC when E-UTRA SCell(s) and NR SCell(s) are configured is necessary to be specified.
Proposal 3. Reporting criteria for EN-DC is 36+9*n when the UE is configured with SCell or PSCell carrier frequencies and with one NR PSCell carrier frequency, and n is the number of E-UTRA SCell and PSCell carrier frequencies.

Proposal 4. For NE-DC, the total number of E-UTRA reporting criteria is , and  is the number of configured E-UTRA serving frequencies, including PSCell and SCells carrier frequencies.
Proposal 5. The total number of NR reporting criteria for NR-DC is increased to .
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