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1. Introduction
In last RAN4 meeting, there was some discussion on CSSF for R15 EN-DC in case the intra-frequency and inter-RAT measurement has been configured on the same serving CC from both LTE MN and NR SN. We had some email discussion in last RAN4 meeting, and some options were mentioned as below,
	In the first-round discussion, there are comments from Ericsson, MTK, Nokia, Apple, ZTE and Qualcomm on the CR (the table is copied in the end of this email for your convenience). The main concern is that the inter-RAT measurement configured by LTE PCell is already accounted in CSSF outside gap by the intra-frequency measurement that is configured by NR PSCell. We can understand the concern, but as we replied in the first round, this is only the case when the MO merging conditions defined in clause 9.1.3.2 of 38.133 are met.
There are 3 options in our view:
-          Option 1: Inter-RAT measurement is counted separately (as in the current CR)
-          Option 2: Inter-RAT measurement is not counted separately, and requirements are defined only for the case when the conditions are met (as suggested by MTK in the first round)
-          Option 3: Define split requirements for the case when the conditions are met and when the conditions are not met



Actually, last meeting only the CSSF outside MG has been discussed, but the CSSF inside MG also has similar issue. In this contribution, we discuss the CSSF inside and outside when MOs are configured from both LTE MN and NR SN on the same frequency layer in EN-DC. The corresponding CR is proposed in [1].
2. Discussion on CSSF outside MG in EN-DC
In R15 EN-DC, both LTE MN and NR SN could configure NR measurement object (MO) to the UE, and those MOs can be categorized into two groups:
(1) intra-RAT MO configured from NR SN: including NR inter-frequency and intra-frequency measurement without MG
(2) inter-RAT MO configured from LTE MN: including the MO on NR serving CCs or on NR non-serving CCs without MG 
However, the current definition for monitoring of multiple layers outside gaps is defined as,
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Thus, the NR inter-RAT MO configured by LTE MN shall be captured into CSSF outside MG:
· NR Inter-RAT measurement object configured by the E-UTRAN PCell
· NR inter-RAT MO configured by LTE MN is on the NR serving CC with no measurement gap, when none of the SMTC occasions of this NR inter-RAT measurement object are overlapped by the measurement gap
· NR inter-RAT MO configured by LTE MN is on the NR serving CC with no measurement gap, when part of the SMTC occasions of this NR inter-RAT measurement object are overlapped by the measurement gap
Proposal 1: the NR inter-RAT MO on NR serving CC configured by LTE MN shall be captured into CSSF outside MG:
· NR Inter-RAT measurement object configured by the E-UTRAN PCell
· NR inter-RAT MO configured by LTE MN is on the NR serving CC with no measurement gap, when none of the SMTC occasions of this NR inter-RAT measurement object are overlapped by the measurement gap
· NR inter-RAT MO configured by LTE MN is on the NR serving CC with no measurement gap, when part of the SMTC occasions of this NR inter-RAT measurement object are overlapped by the measurement gap
In EN-DC, on the same NR serving carrier, UE might be configured with inter-RAT MOs (from LTE MN) and intra-frequency MOs (from NR SN), but it does not necessarily mean UE can measure those two MOs concurrently without any additional efforts. In TS38.133, we also defined the MO merging rule for EN-DC with two MOs on the same frequency layer, as below,
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So, in our understanding, only when the MO merging rule is met, then UE can merge the inter-RAT MO without MG and intra-frequency MO without MG on the same frequency layer and only count “1” MO in CSSF design. 
Option 1 in last meeting is the most conservative way for CSSF design, and it results into longer measurement delay requirement.
Option 2 in last meeting implies that network needs to do ideal communication between MN and SN to make sure the two MOs from MN and SN could meet MO merging rule. However, if this ideal communication can be achieved by network, why network needs to configure 2 MOs on the same frequency layer to UE? So, we don’t believe it could be an assumption for RAN4 requirement.
Option 3 in last meeting is the approach closest to the practice in our view, which means the CSSF number is determined by the number of MOs configured from both LTE MN and NR SN, and if any two MOs meet MO merging rule, they shall be counted as one single MO in MO number counting.
We technically prefer option 3 but option 1 is also acceptable to us.  
Proposal 2: RAN4 CSSF outside MG design uses option 3, i.e., in EN-DC the CSSF without MG is determined by the number of MOs without MG configured from both LTE MN and NR SN, and if any two MOs from LTE MN and NR SN meet MO merging rule, they shall be counted as one single MO in MO number counting.
Based on the above analysis, the following table for CSSF outside MG is proposed,
Proposal 3: the CSSF outside MG shall be updated as below, 
	Scenario
	CSSFoutside_gap,i for FR1 PSCC
	CSSFoutside_gap,i for FR1 SCC
	CSSFoutside_gap,i for FR2 PSCC
	CSSFoutside_gap,i for FR2 SCC where neighbour cell measurement is required Note 2
	CSSFoutside_gap,i for FR2 SCC where neighbour cell measurement is not required
	CSSFoutside_gap,I for inter-RAT NR measurement on SCCs

	EN-DC with FR1 only CA 
	‘1’ when only intra-frequency NR MO or only inter-RAT NR MO is configured on this PSCC;
‘2’ when both intra-frequency NR MO and inter-RAT NR MO are configured on this PSCC
	Number of configured FR1 SCell(s) +number of inter-RAT NR measurement on SCCs
	N/A
	N/A
	N/A
	

Number of configured FR1 SCell(s)+number of inter-RAT NR measurement on SCCs

	EN-DC with
FR2 only intra band CA 
	N/A
	N/A
	1’ when only intra-frequency NR MO or only inter-RAT NR MO is configured on this PSCC;
‘2’ when both intra-frequency NR MO and inter-RAT NR MO are configured on this PSCC
	N/A
	Number of configured FR2 SCells + number of inter-RAT NR measurement on SCCs
	Number of configured FR2 SCells +number of inter-RAT NR measurement on SCCs

	EN-DC with
FR1 +FR2 CA (FR1 PSCell) Note 1
	‘1’ when only intra-frequency NR MO or only inter-RAT NR MO is configured on this PSCC;
‘2’ when both intra-frequency NR MO and inter-RAT NR MO are configured on this PSCC
	2×(Number of configured SCell(s) + number of inter-RAT NR measurement on SCCs -1) if CSSFoutside_gap,i =2 for FR2 SCC where neighbour cell measurement is required;
2×(Number of configured SCell(s) + number of inter-RAT NR measurement on SCCs -2) if CSSFoutside_gap,i =4 for FR2 SCC where neighbour cell measurement is required.
	N/A
	‘2’ when only intra-frequency NR MO or only inter-RAT NR MO is configured on this SCC;
‘4’ when both intra-frequency NR MO and inter-RAT NR MO are configured on this SCC
(Note5)
	2×(Number of configured SCell(s) + number of inter-RAT NR measurement on SCCs -1) if CSSFoutside_gap,i =2 for FR2 SCC where neighbour cell measurement is required;
2×(Number of configured SCell(s) + number of inter-RAT NR measurement on SCCs -2) if CSSFoutside_gap,i =4 for FR2 SCC where neighbour cell measurement is required.
	2×(Number of configured SCell(s) + number of inter-RAT NR measurement on SCCs -1) if CSSFoutside_gap,i =2 for FR2 SCC where neighbour cell measurement is required;
2×(Number of configured SCell(s) + number of inter-RAT NR measurement on SCCs -2) if CSSFoutside_gap,i =4 for FR2 SCC where neighbour cell measurement is required.

	EN-DC with
FR1 +FR2 CA (FR2 PSCell) Note 1
	N/A
	Number of configured SCell(s) +number of inter-RAT NR measurement on SCCs
	1’ when only intra-frequency NR MO or only inter-RAT NR MO is configured on this PSCC;
‘2’ when both intra-frequency NR MO and inter-RAT NR MO are configured on this PSCC
	N/A
	Number of configured SCell(s) +number of inter-RAT NR measurement on SCCs
	Number of configured SCell(s) +number of inter-RAT NR measurement on SCCs

	Note 1:	Only one NR FR1 operating band and one NR FR2 operating band are included for FR1+FR2 inter-band EN-DC.
Note 2:	Selection of FR2 SCC where neighbour cell measurement is required follows clause 9.2.3.2.
Note 3: 	Void
Note 4: 	Void
Note 5: 	CSSFoutside_gap,i =1 if only one SCell is configured.
Note 6:     For CSSF in this table, if any two MOs from LTE MN and NR SN meet MO merging rule in section 9.1.3.2, they shall be counted as one single MO in MO number counting. 



3. Discussion on CSSF inside MG in EN-DC
In EN-DC, the CSSF inside MG design consists of multiple components and this CSSF factor would eventually determine the measurement procedure and the measurement resource allocation by controlling the measurement delay for each MOs on same/different frequency layers. However, CSSF inside MG also has a situation that LTE MN and NR SN configured MOs on the same frequency layer, as shown in the following figure,
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Figure 1. MO colliding in CSSF inside MG
So, we also need to consider how to count the MO number in the CSSF inside MG. The current CSSF inside MG includes the following measurement types:
	[bookmark: _Toc5952690]9.1.5.2	Monitoring of multiple layers within gaps
The carrier-specific scaling factor CSSFwithin_gap,i for measurement object i derived in this chapter is applied to following measurement types:
-	Intra-frequency measurement object with no measurement gap in clause 9.2.5, when all of the SMTC occasions of this intra-frequency measurement object are overlapped by the measurement gap.
-	Intra-frequency measurement object with measurement gap in clause 9.2.6.
-	Inter-frequency measurement object in clause 9.3.
-	E-UTRA Inter-RAT measurement object in clauses 9.4.2 and 9.4.3.
-	E-UTRA Inter-RAT RSTD and E-CID measurements in clauses 9.4.4 and 9.4.5.
-	NR Inter-RAT measurement object configured by the E-UTRAN PCell (TS 36.133 [15] clause 8.17.4).


 
Thus, the NR inter-RAT MO configured by LTE MN shall be further divided into following types:
· NR inter-RAT MO configured by LTE MN is on the NR serving CC with no measurement gap, when all of the SMTC occasions of this inter-RAT MO are overlapped by the MG
· NR inter-RAT MO configured by LTE MN is on the NR serving CC with measurement gap
· NR inter-RAT MO configured by LTE MN is on the NR non-serving CC
Proposal 4: the NR inter-RAT MO configured by LTE MN shall be further divided into following types for CSSF inside MG,
· NR inter-RAT MO configured by LTE MN is on the NR serving CC with no measurement gap, when all of the SMTC occasions of this inter-RAT MO are overlapped by the MG
· NR inter-RAT MO configured by LTE MN is on the NR serving CC with measurement gap
· NR inter-RAT MO configured by LTE MN is on the NR non-serving CC
For CSSF inside MG in EN-DC, Mtot,i,j is defined as below,
-	Mintra,i,j: Number of intra-frequency measurement objects which are candidates to be measured in gap j where the measurement object i is also a candidate. Otherwise Mintra,i,j  equals 0.
-	Minter,i,j : Number of NR inter-frequency measurement objects or NR inter-RAT measurement objects configured by E-UTRA PCell, EUTRA inter-frequency measurement objects configured by E-UTRA PCell, UTRA inter-RAT measurement objects configured by E-UTRA PCell which are candidates to be measured in gap j where the measurement object i is also a candidate. Otherwise Minter,i,j  equals 0.
-	Mtot,i,j = Mintra,i,j + Minter,i,j : Total number of intra-frequency, inter-frequency and inter-RAT measurement objects which are candidates to be measured in gap j where the measurement object i is also a candidate. Otherwise Mtot,i,j equals 0.
In the number of Mtot,i,j , all the MOs are counted in the CSSF calculation. Similar as CSSF without MG, we also technically prefer option 3 for CSSF within MG but option 1 is also acceptable to us. 
Proposal 5: RAN4 CSSF inside MG design uses option 3, i.e., Mtot,i,j = Mintra,i,j + Minter,i,j : Total number of intra-frequency, inter-frequency and inter-RAT measurement objects which are candidates to be measured in gap j where the measurement object i is also a candidate. If any two MOs from LTE MN and NR SN meet MO merging rule, they shall be counted as one single MO in MO number counting. Otherwise Mtot,i,j equals 0.
4. Conclusion
In this contribution, we discuss the CSSF inside and outside when MOs are configured from both LTE MN and NR SN on the same frequency layer in EN-DC.  
Proposal 1: the NR inter-RAT MO on NR serving CC configured by LTE MN shall be captured into CSSF outside MG:
· NR Inter-RAT measurement object configured by the E-UTRAN PCell
· NR inter-RAT MO configured by LTE MN is on the NR serving CC with no measurement gap, when none of the SMTC occasions of this NR inter-RAT measurement object are overlapped by the measurement gap
· NR inter-RAT MO configured by LTE MN is on the NR serving CC with no measurement gap, when part of the SMTC occasions of this NR inter-RAT measurement object are overlapped by the measurement gap
Proposal 2: RAN4 CSSF outside MG design uses option 3, i.e., in EN-DC the CSSF without MG is determined by the number of MOs without MG configured from both LTE MN and NR SN, and if any two MOs from LTE MN and NR SN meet MO merging rule, they shall be counted as one single MO in MO number counting.
Proposal 3: the CSSF outside MG shall be updated as in this contribution.
Proposal 4: the NR inter-RAT MO configured by LTE MN shall be further divided into following types for CSSF inside MG,
· NR inter-RAT MO configured by LTE MN is on the NR serving CC with no measurement gap, when all of the SMTC occasions of this inter-RAT MO are overlapped by the MG
· NR inter-RAT MO configured by LTE MN is on the NR serving CC with measurement gap
· NR inter-RAT MO configured by LTE MN is on the NR non-serving CC
Proposal 5: RAN4 CSSF inside MG design uses option 3, i.e., Mtot,i,j = Mintra,i,j + Minter,i,j : Total number of intra-frequency, inter-frequency and inter-RAT measurement objects which are candidates to be measured in gap j where the measurement object i is also a candidate. If any two MOs from LTE MN and NR SN meet MO merging rule, they shall be counted as one single MO in MO number counting. Otherwise Mtot,i,j equals 0.
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9.1.5.1 Monitoring of multiple layers outside gaps

The carrier-specific scaling factor CSSFoussidae_gap,i for measurement object i derived in this chapter is applied to following
measurement types:

Intra-frequency measurement with no measurement gap in clause 9.2.5, when none of the SMTC occasions of
this intra-frequency measurement object are overlapped by the measurement gap.

Intra-frequency measurement with no measurement gap in clause 9.2.5, when part of the SMTC occasions of this §
intra-frequency measurement object are overlapped by the measurement gap.
UE is expected to conduct the measurement of this measurement object i y outside the measurement ps

If the higher layer signaling in TS 38.331 [2] signaling of smtc2 is present and smtc! is fully overlapping with

measurement gaps and smic2 is partially overlapping with measurement gaps, CSSFousside_gap; and requirements derivied
from CSSFoutside_gap,i are not specified.
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When the E-UTRA PCell and PSCell configures the same NR carrier frequency layer to be monitored by the UE in
synchronous intra-band EN-DC, this layer shall be counted only once to the total number of effective carrier frequency
layers provided that the SFN-s and slot boundries are aligned, unless the configured NR carrier frequency layers to be
monitored have

- different RSSI measurement resources or
- different deriveSSB-IndexFromCell indications or

- different SMTC configurations.










