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1. Introduction
During RAN2#104 meeting, companies discussed the need of the field maxMeasIdentitiesSCG-NR for EN-DC, and reached following consensus based on the RAN4’s specifications at that moment:
=>	RAN2 understand the maxMeasIdentitiesSCG-NR between MN and SN is not used for EN-DC.
In addition, there is still an FFS about this parameter in TS38.331 about whether this field can be used in other MR-DC cases. 
-- TBD Late Drop: If maxMeasIdentitiesSCG is used needs to be decided after RAN4 replies to the LS on measurement requirements for MR-DC.
    maxMeasIdentitiesSCG-NR             INTEGER(1..maxMeasIdentitiesMN)           OPTIONAL,             
    ...,
In this contribution, we continue this discussion based on RAN4 reply LS [1] and RAN4’s latest specs TS36.133 and TS 38.133, and provide solutions.
2. Discussion
After RAN4#92 meeting, RAN4 approved the reply LS in [1], and inform RAN2 about the limitation of reporting criteria for MR-DC cases. The corresponding limitation defined in TS 38.133 and TS 36.133 are given in Annex.
Take EN-DC as an example, according to latest TS 38.133, we have the following specification text regarding the handling of the measurements reporting criteria for EN-DC:
	TS 38.133  section 9.1.4.2
-	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 SCells carrier frequencies, as specified in TS 36.133 [15] for UE configured with EN-DC.


The yellow highlight sentences mean that, for MN(LTE) configured NR serving frequency measurements(i.e. on PSCell, SCell carrier frequencies), will be counted in Ecat,EN-DC,NR, even if those are treated as inter-RAT measurements from MN perspective. On the other, the total number of MN configured other measurements (including measurement on non NR serving frequencies) is defined in TS 36.133. The relevant description is given as below:
	TS 36.133  Section 8.2.2
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.


For more intuitive, the limitation of reporting criteria in EN-DC is illustrated in the following figure, the joint part is shown by yellow background. (Note: the limitation on 2G/3G, SFTD, ECGI…etc related measurements are not shown in the figure, because those can be handled by MN and SN separately, that does not influence this discussion)


Figure 1 Limitation of reporting criteria for (NG)EN-DC
Therefore, for measurements on NR serving frequencies (e.g. PSCell/SCell carriers), RAN4 has defined jointly limitations. More specific, for each NR serving frequency, MN and SN can configure up to 9 measurement identities.   
Similarly, the limitation of reporting criteria in NE-DC and NR-DC are illustrated in following figures (Note: the joint limitation are given by yellow background):


Figure 2 Limitation of reporting criteria for NE-DC and NR-DC
Observation 1:  Based on the latest RAN4 spec TS 36.133 and TS 38.133, the limitation for reporting criteria is defined jointly for MN and SN configured measurements, including:
· In (NG)EN-DC, the maximum number of measIDs for “MN(LTE) configured NR serving frequency” and “SN(NR) configured NR serving frequency and non-serving frequency” is 10+9*n;
· In NE-DC, the maximum number of measIDs for “MN(NR) configured LTE serving frequency” and “SN(LTE) configured LTE serving frequency and non-serving frequency” is 10+10*n;
· In NR-DC, the maximum number of measIDs for “MN(NR) configured NR serving frequency and non-serving frequency” together with “SN(NR) configured NR serving frequency and non-serving frequency” is 10+9*n;
To ensure the measurements configured by MN and SN will not exceed UE’s capability, a coordination between the MN and SN is needed. However, considering RAN4 have defined separate maximum number for intra-frequency and inter-frequency measurement, from network perspective, MN and/or SN have to first identify the type of the measurements (e.g. inter-frequency, or intra-frequency) from UE perspective. 
Observation 2:  Considering the number of reporting criteria are defined separately for inter-frequency and intra-frequency cases, MN or SN has to identify the measurement type to make sure its configured measIDs do not exceed the UE capability.
To facilitate this behaviour, the MN and SN has to know the frequency of serving cells configured in peer node. According to TS 38.331, so far, only the frequency of PSCell can be delivered from SN to MN, while the frequency exchange of other serving cells is not supported in inter-node RRC messages. Based on the joint limitation defined in RAN4, the expected exchange behaviour includes:
· In all MR-DC cases, SN informs MN about the frequency of all SCG serving cells (i.e. PSCell and SCells);
· In NR-DC, MN informs SN about the frequency of all MCG serving cells (i.e. PCell and SCells).
Observation 3:  To facilitate MN and/or SN to differentiate the measurement type, MN and SN need to exchange the frequency of all serving cells. So far, only the exchange of PSCell frequency is supported.
Proposal 1: Introduce a frequency list of SCG SCells in CG-Config (i.e. apply to all MR-DC cases).
Proposal 2: Introduce a frequency list of MCG PCell and SCells in CG-ConfigInfo (i.e. only apply to NR-DC).
For splitting the number measurement identities, as indicated in observation 1, the split of inter-frequency measurement identities only involves NR-DC. According the TS38.133, for measurement on NR non-serving frequencies, only up to 10 measIDs can be configured by MN and SN. Therefore, it makes sense for MN to do segmentation, and indicates a maximum number of inter-frequency measurement identities that can be configured by SN to SN side. Based on this, the simplest way is to reuse the existing field “maxMeasIdentitiesSCG-NR” in CG-ConfigInfo.
Proposal 3: In NR-DC, MN indicates in CG-ConfigInfo the maximum number of inter-frequency measurement identities that can be configured by SN (e.g. by using the field measIdentitiesSCG-NR).
On the other hand, for intra-frequency measurement, based on observation 1 all MR-DC cases are involved. According to TS 38.133 and TS 36.133, in (NG)EN-DC, up to 9 measIDs can be configured on each NR serving frequency. And in NE-DC, up to 10 measIDs can be configured on each LTE serving frequency. Since the value is per-freq defined, there are two alternative solutions can be considered for intra-frequency measurement identity split:
· Option1: the MN indicates a common value to SN that applies to all serving frequencies;
· Option2: the MN indicates separate values to SN, each value applies to a given serving frequency. 
Examples of Option1 and Option2 are provided in the following table:
	Serving frequencies
	Split of measurement identities space

	
	Option1
(set maxMeasureIdentiesSCG-IntraF = 4)
	Option2
(set maxMeasureIdentiesSCG-IntraF = 4, 6, 7, 8 for freq1, freq2, freq3, freq4 separately)

	
	max number of intra-F measIDs can be used by MN
	max number of intra-F measIDs can be used by SN
	max number of intra-F measIDs can be used by MN
	max number of intra-F measIDs can be used
 by SN

	NR freq1 (PSCell)
	5
	4
	5
	4

	NR freq2 (SCell1)
	5
	4
	3
	6

	NR freq3 (SCell2)
	5
	4
	2
	7

	NR freq4 (SCell3)
	5
	4
	1
	8


Option1 is simpler that occupies one field in CG-ConfigInfo, while Option2 brings more flexibility to network implementation. For instance, if MN wants to configure more event/periodical measurements on freq1, it can still leave more measID space to SN for other serving frequencies. We propose to further discuss these two options in RAN2.
Proposal 4: In all MR-DC cases, MN indicates in CG-ConfigInfo the maximum number of intra-frequency measurement identities that can be configured by SN, to further discuss the following options:
· Option1: MN indicates a common value that applies for all serving frequencies;
· Option2: MN indicates separate values for each serving frequency.
The spec changes of Proposal 1~4(with option1) are provide in CR [2].  
Proposal 4: Agree the CR in [2]
3. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
[bookmark: _Toc535476034]Observation 1:  Based on the latest RAN4 spec TS 36.133 and TS 38.133, the limitation for reporting criteria is defined jointly for MN and SN configured measurements, including:
· In (NG)EN-DC, the maximum number of measIDs for “MN(LTE) configured NR serving frequency” and “SN(NR) configured NR serving frequency and non-serving frequency” is 10+9*n;
· In NE-DC, the maximum number of measIDs for “MN(NR) configured LTE serving frequency” and “SN(LTE) configured LTE serving frequency and non-serving frequency” is 10+10*n;
· In NR-DC, the maximum number of measIDs for “MN(NR) configured NR serving frequency and non-serving frequency” together with “SN(NR) configured NR serving frequency and non-serving frequency” is 10+9*n;
Observation 2:  Considering the number of reporting criteria are defined separately for inter-frequency and intra-frequency cases, MN or SN has to identify the measurement type to make sure its configured measIDs do not exceed the UE capability.
Observation 3:  To facilitate MN and/or SN to differentiate the measurement type, MN and SN need to exchange the frequency of all serving cells. So far, only the exchange of PSCell frequency is supported.
Proposal 1: Introduce a frequency list of SCG SCells in CG-Config (i.e. apply to all MR-DC cases).
Proposal 2: Introduce a frequency list of MCG PCell and SCells in CG-ConfigInfo (i.e. only apply to NR-DC).
Proposal 3: In NR-DC, MN indicates in CG-ConfigInfo the maximum number of inter-frequency measurement identities that can be configured by SN (e.g. by using the field measIdentitiesSCG-NR).
Proposal 4: In all MR-DC cases, MN indicates in CG-ConfigInfo the maximum number of intra-frequency measurement identities that can be configured by SN, to further discuss the following options:
· Option1: MN indicates a common value that applies for all serving frequencies;
· Option2: MN indicates separate values for each serving frequency.
4. References
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5. Annex
· TS 38.133
[bookmark: _Toc535476008]9.1.4.2	Requirements
In this section a reporting criterion corresponds to either one event (in the case of event based reporting), or one periodic reporting criterion (in case of periodic reporting), or one no reporting criterion (in case of no reporting). For event based reporting, each instance of event, with the same or different event identities, is counted as separate reporting criterion in Table 9.1.4.2-1.
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 SCells carrier frequencies, as specified in TS 36.133 [15] for UE configured with EN-DC.
[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 SCells carrier frequencies, according to Table 9.1.4.2-1,
 is the total number of E-UTRA reporting criteria including E-UTRA PSCell and E-UTRA SCells carrier frequencies as specified in TS 36.133 [15] for UE configured with NE-DC.

[bookmark: _Hlk4600354]-	For UE configured with SA operation mode: , 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,

 is the total number of inter-RAT E-UTRA reporting criteria according to Table 9.1.4.2-1.
-	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.
Table 9.1.4.2-1: Requirements for reporting criteria per measurement category
	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

	Inter-RAT (E-UTRA FDD, E-UTRA TDD) Note 2,4,5
	10
	Only applicable for UE with this (inter-RAT) capability. These reporting criteria apply for any E-UTRA carrier frequencies other than the carrier frequency of the E-UTRA PSCell or E-UTRA SCell.

	Inter-RAT (E-UTRA FDD, E-UTRA TDD) RSTD Note 2,4,5
	1
	Inter-RAT RSTD measurement reporting for UE supporting OTDOA; 1 report capable of minimum 16 inter-RAT cell measurements.
Only applicable for UE with this (inter-RAT RSTD via LPP [22]) capability. These reporting criteria apply for any E-UTRA carrier frequencies other than the carrier frequency of the E-UTRA PSCell or E-UTRA SCell.

	Inter-RAT (E-UTRA FDD, E-UTRA TDD) RSRP and RSRQ measurements for E-CID Note 2,4,5
	1
	Inter-RAT RSRP and RSRQ measurements for E-CID reported to E-SMLC via LPP [22]. One report capable of at least in total 10 inter-RAT RSRP and RSRQ measurements. Applicable to UE capable of reporting inter-RAT RSRP and RSRQ to E-SMLC via LPP. These reporting criteria apply for any E-UTRA carrier frequencies other than the carrier frequency of the E-UTRA PSCell or E-UTRA SCell.

	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.




· TS 36.133
[bookmark: _Toc383690846]8.2.2 	Requirements
In this clause a reporting criterion corresponds to either one event (in the case of event based reporting), or one periodic reporting criterion (in case of periodic reporting), or one logged measurement reporting criterion (in case of logged measurement reporting), or one no reporting criterion (in case of no reporting). For event based reporting, each instance of event, with the same or different event identities, is counted as separate reporting criterion in table 8.2.2-1.
The UE 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, and inter-RAT per supported RAT(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:
-	26 reporting criteria in total if the UE is not configured with any SCell or PSCell carrier frequency,
-	35 reporting criteria in total if the UE is configured with one SCell carrier frequency,
-	44 reporting criteria in total if the UE is configured with two SCell carrier frequencies,
-	53 reporting criteria in total if the UE is configured with three SCell carrier frequencies,
-	62 reporting criteria in total if the UE is configured with four SCell carrier frequencies,
-	71 reporting criteria in total if the UE is configured with five SCell carrier frequencies,-	80 reporting criteria in total if the UE is configured with six SCell carrier frequencies,
-	35 reporting criteria in total if the UE is configured with one PSCell carrier frequency, and
-	44 reporting criteria in total if the UE is configured with one PSCell carrier frequency and one SCell carrier frequency.
Editor’s note: the total reporting criteria above are to be updated if all UEs will have to support RS-SINR measurements; the total reporting criteria are to be verified when the UE capabilities related to frame structure 3 are decided.
A UE supporting increased number of carriers to monitor beyond 3 carriers shall be able to support up to 20 reporting criteria for inter-frequency measurement category according to table 8.2.2-1. Additionally such UE 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, and inter-RAT per supported RAT, the UE need not support more than the total number of reporting criteria as follows:
-	39 reporting criteria in total if the UE is not configured with any SCell carrier frequency,
-	48 reporting criteria in total if the UE is configured with one SCell carrier frequency,
-	57 reporting criteria in total if the UE is configured with two SCell carrier frequencies,
-	48 reporting criteria in total if the UE is configured with one PSCell carrier frequency,
-	57 reporting criteria in total if the UE is configured with one PSCell carrier frequency and one SCell carrier frequencies,
-	66 reporting criteria in total if the UE is configured with three SCell carrier frequencies, and
-	75 reporting criteria in total if the UE is configured with four SCell carrier frequencies.
-	84 reporting criteria in total if the UE is configured with five SCell carrier frequencies
-	93 reporting criteria in total if the UE is configured with six SCell carrier frequencies
Editor’s note: the total reporting criteria above are to be updated if all UEs will have to support RS-SINR measurements; the total reporting criteria are to be verified when the UE capabilities related to frame structure 3 are decided.
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.
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.
Editor’s note: the above list is to be updated for the agreed CA combinations with NR PSCell.
Table 8.2.2-1: Requirements for reporting criteria per measurement category
	Measurement category
	Ecat
	Note

	Intra-frequency Note 1, 5, 6
	10
	Events for any one or a combination of intra-frequency RSRP, RSRQ, and RS-SINRNote4 for E-UTRA intra-frequency cells

	Intra-frequency UE Rx-Tx time difference Note 5
	2
	Intra-frequency UE Rx-Tx time difference measurements reported to E-UTRAN via RRC and to positioning server via LPP. Applies for UE supporting both LPP and UE Rx-Tx time difference measurement.

	Intra-frequency RSTD Note 2, 5, 6
	1
	Intra-frequency RSTD measurement reporting for UE supporting OTDOA; 1 report capable of minimum 16 cell measurements for the intra-frequency

	Intra-frequency RSRP and RSRQ measurements for E-CID Note 5, 6
	1
	Intra-frequency RSRP and RSRQ measurements for E-CID reported to E-SMLC via LPP [24]. One report capable of at least in total 9 intra-frequency RSRP and RSRQ measurements. Applicable to UE capable of reporting RSRP and RSRQ to E-SMLC via LPP.

	Intra-frequency RSSI and channel occupancy measurements under operation with frame structure 3
	1
	One report capable of one UE RSSI and channel occupancy measurement s per serving carrier frequency. Applicable for UE capable of performing and reporting UE RSSI and channel occupancy under operation with frame structure 3.

	Inter-frequency Note 5, 6
	10 / 28
	Events for any one or a combination of inter-frequency RSRP, RSRQ, and RS-SINRNote4 for E-UTRA inter-frequency cells (see note 3)

	Inter-frequency RSTD Note 2, 5, 6
	1
	Inter-frequency RSTD measurement reporting for UE supporting OTDOA; 1 report capable of minimum 16 cell measurements for at least one inter-frequency. Only applicable as specified in Section 8.1.2.6.

	Inter-frequency RSSI and channel occupancy measurements under operation with frame structure 3
	1
	One report capable of one UE RSSI and channel occupancy measurement s for an inter-frequency. Applicable for UE capable of performing and reporting UE RSSI and channel occupancy under operation with frame structure 3.

	Inter-RAT (GSM, cdma2000 1 x RTT and HRPD) Note 5
	5
	Only applicable for UE with this (inter-RAT) capability. This requirement (Ecat = 5) is per supported RAT.

	Inter-RAT (UTRAN FDD, UTRAN TDD) Note 5
	5 or 11
	Only applicable for UE with this (inter-RAT) capability. This requirement (Ecat = 5 or 11) is per supported RAT. For UE which indicate support for Increased UE carrier monitoring UTRA Ecat = 11.

	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.

	MBSFN measurements for MDT
	1
	MBSFN measurement reporting for UE supporting MBSFN measurements (MBSFN RSRP, MBSFN RSRQ, and MCH BLER) for MDT [2]; 1 report capable of minimum 1 MBSFN RSRP measurement [4], 1 MBSFN RSRQ measurement [4], and 1 MCH BLER measurement [4].

	Note 1:	When the UE is configured with SCell, PSCell, PCell or NR PSCell carrier frequency, Ecat for Intra-frequency is applied per serving frequency.
Note 2:	When the UE is configured with one SCell carrier frequency, the UE shall be capable of supporting at least 2 reporting criteria for all RSTD measurements configured to be performed on PCell carrier frequency, SCell carrier frequency and inter-frequency carrier. When the UE is configured with two SCell carrier frequencies, the UE shall be capable of supporting at least 3 reporting criteria for all RSTD measurements configured to be performed on PCell carrier frequency, the two SCell carrier frequencies and inter-frequency carrier. These requirements apply when there is a single on-going LPP OTDOA location session.
Note 3: 	Support of Ecat of 28 for Measurement category Inter-frequency is applied for a UE supporting increased number of carriers to monitor beyond 3.
Note 4:	For UEs supporting RS-SINR measurements (Editor’s note: the note is to be removed if the RS-SINR measurement support is mandatory).
Note 5:	Applicable for UE configured with EN-DC operation mode.
Note 6:	Applicable for UE configured with NE-DC operation mode.
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