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1	Introduction
In RAN4#84Bis, some progress has been made about the intra/inter-frequency gap sharing scheme, with the following conclusion provided to RAN2 in LS [1]: 
	· Since gaps are used for both intra and interfrequency measurements, RAN4 view is discussing that the sharing of gaps between intra measurement and inter-measurement may need to be configurable. RAN4 is working on the exact details of intra/inter gap sharing schemes and anticipates the need for a configuration similar to the one used for LTE category M1 measurements in 36.331:

	MeasGapSharingConfig field descriptions

	measGapSharingScheme
Indicates the measurement gaps sharing scheme for BL UEs in CE mode A and CE mode B, see TS 36.133 [16, Table 8.13.2.1.1.1-2 and Table 8.13.3.1.1.1-3]. Value scheme00 corresponds to “00”, value scheme01 corresponds to “01”, and so on.


· RAN4 believe that a maximum of 4 configurable sharing schemes would be suitable.



Although the intra-frequency measurement scenario where gap is needed was extensively discussed in RAN4#85, the applicability of gap sharing mechanism is still not fully clarified, which is related but still different from gap-needed intra-frequency measurement scenario based on our understanding. In this paper, we would like provide our view on the applicability of the gap sharing mechanism between intra- and inter-frequency layers. In our accompanying paper [3], our proposal for detailed design for intra- and inter-frequency gap sharing design is provided. 

2 Discussion
As captured in approved TS 38.133 [2], “UE can perform intra-frequency SSB based measurements without measurement gaps under the following conditions: (1) the SSB is completely contained in the downlink operating bandwidth of the UE, and; (2) the SSB has the same subcarrier spacing as the downlink data transmission to the UE, and; (3) the UE is measuring on FR1.” The need or otherwise for measurement gap to perform measurements on FR2 where the UE may need to perform RX beamforming or when serving cell data transmissions to the UE have a different subcarrier spacing as the SSB to be measured is FFS. 
Considering the complexity that gap needed or not for intra-frequency measurement and different configuration among measurement gap, intra- and inter-frequency SMTC configurations, we categorize the scenarios into the following cases based on our understanding.  
Based on our understanding, inter-frequency SMTC occasions should be within the configured measurement gap, otherwise UE’s behavior on the occasions outside MP could be not predictable. For simplicity, we will assume all inter-frequency SMTC occasions shall be within the configured measurement gap in the following analysis. If the case where inter-frequency SMTC occasions exist outside the configured measurement gap, the following conclusions are still valid if we just replace “inter-frequency SMTC occasions” by “inter-frequency SMTC occasions within measurement gap”. 



Table 1. Scenarios to be considered for the necessity of gap sharing mechanism
	Scenario
	Gap Needed for Intra-freqMeas.?
	Relation btw. Intra-frequency SMTC occasions and MG?
	Illustrative Figure
	Gap Sharing Needed?
	Remark

	Scn-1
	Not Needed
	Fully Overlapped (SMTC periodicity = MRGP)
	[image: ]
	Yes
	Gap sharing needed for overlapped intra-/inter-freq. SMTCs

	Scn-2
	Yes Note1
	
	
	Yes
	Gap sharing needed for overlapped intra-/inter-freq. SMTCs

	Scn-3
	Not Needed
	Non-overlapped
	[image: ]
	No
	Gap is dedicated for inter-freq. measurement.

	Scn-4
	Yes Note1
	
	
	N/A
	Wrong configuration. No intra-freq. measurement can be conducted.

	Scn-5
	Not Needed
	Partly overlapped; 
SMTC periodicity < MGRP
	[image: ]
	No
	The occasion of intra-frequency measurement can be controlled by NW by SMTC on F1 and MG.

	Scn-6
	Yes Note1
	
	
	Yes
	intra-freq. SMTC outside gap can’t be used; gap sharing is needed for overlapped intra-/inter-freq. SMTCs

	Scn-7
	Not Needed
	Partly overlapped;
SMTC periodicity > MGRP
No overlapping btw intra-/inter-frequency SMTC
	[image: ]
	No
	Gap Sharing is determined by SMTC configuration, so no explicit gap sharing mechanism is needed

	Scn-8
	Yes Note1
	
	
	No
	Gap Sharing is determined by SMTC configuration, so no explicit gap sharing mechanism is needed

	Scn-9
	Not Needed
	Partly overlapped;
SMTC periodicity > MGRP
overlapping exists btw intra-/inter-frequency SMTC
	[image: ]
	Yes
	Gap sharing is needed for the overlapped intra-/inter-freq. SMTCs

	Scn-10
	Yes Note1
	
	
	Yes
	Gap sharing is needed for the overlapped intra-/inter-freq. SMTCs

	Note 1: The cases where measurement gap is needed should include the scenario where SMTC-based solution (visible interruption) applied, provided that SMTC-based solution is agreed by RAN4 finally. 



Observations 1: Depending on the necessity of measurement gap for intra-frequency layer and SMTC/Gap configuration, there are 10 scenarios to be considered.

Among the above 10 scenarios, Scn-5 should be noted. Since intra-frequency SMTC and measurement gap are partly overlapped and SMTC periodicity is smaller than MGRP, it means the intra-frequency measurement occasions exist outside measurement gap. Because UE is assumed to be capable of performing intra-frequency measurement without gap, UE is obviously preferred to perform intra-frequency measurement on those occasions to minimize wasting gap occasions. Furthermore, another benefit is network can use the intra-frequency SMTC and measurement gap configuration to control UE’s measurement behavior, therefore no gap is needed for intra-frequency measurement and thus no gap sharing mechanism is needed. 
Proposal 1: UE should perform intra-frequency measurement only on SMTC occasions which are not overlapped with measurement gap, If the following three conditions are satisfied: 
(1) UE don’t need gap for intra-frequency measurement;
(2) intra-frequency SMTC overlapped with measurement gap;
(3) Intra-frequency SMTC periodicity < MGRP.

Furthermore, for scenario 7 and 8, in which no overlapping exists between intra-frequency SMTC and all inter-frequency SMTCs, based on our understanding the gap sharing between intra and inter-frequency measurement is also not needed. Together with Scenario 3 and 4, we can reach the following proposal:
Proposal 2: Gap sharing mechanism (depending on RRC signaled parameter X) is not applicable if no overlapping exists between intra-frequency SMTC and the union of all inter-frequency SMTCs. 

Then we would like to summarize the applicability of gap sharing with the following proposal: 
Proposal 3: Gap sharing mechanism (depending on RRC signaled parameter X) is applicable for the following scenarios: 
(1) NR intra-frequency gap-needed carrier and inter-frequency carriers, with overlapped SMTC occasions between intra-frequency SMTC and the union of inter-frequency SMTCs within measurement gap;
(2) NR intra-frequency gap-not-needed carrier and inter-frequency carriers, under the conditions: 
a) There is no intra-frequency SMTC occasions outside measurement gap, and 
b) There are intra-frequency SMTC occasions overlapped with inter-frequency SMTCs occasions within measurement gap.
Note: NR intra-frequency gap-needed carrier should include the scenario where SMTC-based solution (visible interruption) applied, provided that SMTC-based solution is agreed by RAN4 finally.
3 Conclusion
In this paper, we provided our view on the applicability of the gap sharing mechanism between intra- and inter-frequency layers.
Observations 1: Depending on the necessity of measurement gap for intra-frequency layer and SMTC/Gap configuration, there are 10 scenarios to be considered:
	Scenario
	Gap Needed for Intra-freqMeas.?
	Relation btw. Intra-frequency SMTC occasions and MG?
	Illustrative Figure
	Gap Sharing Needed?
	Remark

	Scn-1
	Not Needed
	Fully Overlapped (SMTC periodicity = MRGP)
	[image: ]
	Yes
	Gap sharing needed

	Scn-2
	Yes Note1
	
	
	Yes
	Gap sharing needed

	Scn-3
	Not Needed
	Non-overlapped
	[image: ]
	No
	Gap is dedicated for inter-freq. measurement.

	Scn-4
	Yes Note1
	
	
	N/A
	Wrong configuration. No intra-freq. measurement can be conducted.

	Scn-5
	Not Needed
	Partly overlapped; 
SMTC periodicity < MGRP
	[image: ]
	No
	The occasion of intra-frequency measurement can be controlled by NW by SMTC on F1 and MG.

	Scn-6
	Yes Note1
	
	
	Yes
	intra-freq. SMTC outside gap can’t be used; gap sharing is needed for overlapped intra-/inter-freq. SMTCs

	Scn-7
	Not Needed
	Partly overlapped;
SMTC periodicity > MGRP
No overlapping btw intra-/inter-frequency SMTC
	[image: ]
	No
	Gap Sharing is determined by SMTC configuration, so no explicit gap sharing mechanism is needed

	Scn-8
	Yes Note1
	
	
	No
	Gap Sharing is determined by SMTC configuration, so no explicit gap sharing mechanism is needed

	Scn-9
	Not Needed
	Partly overlapped;
SMTC periodicity > MGRP
overlapping exists btw intra-/inter-frequency SMTC
	[image: ]
	Yes
	Gap sharing is needed for the overlapped intra-/inter-freq. SMTCs

	Scn-10
	Yes Note1
	
	
	Yes
	Gap sharing is needed for the overlapped intra-/inter-freq. SMTCs

	Note 1: The cases where measurement gap is needed should include the scenario where SMTC-based solution (visible interruption) applied, provided that SMTC-based solution is agreed by RAN4 finally. 



Proposal 1: UE should perform intra-frequency measurement only on SMTC occasions which are not overlapped with measurement gap, If the following three conditions are satisfied: 
(1) UE don’t need gap for intra-frequency measurement;
(2) intra-frequency SMTC overlapped with measurement gap;
(3) Intra-frequency SMTC periodicity < MGRP.

Proposal 2: Gap sharing mechanism (depending on RRC signaled parameter X) is not applicable if no overlapping exists between intra-frequency SMTC and the union of all inter-frequency SMTCs. 

Proposal 3: Gap sharing mechanism (depending on RRC signaled parameter X) is applicable for the following scenarios: 
(1) [bookmark: _GoBack]NR intra-frequency gap-needed carrier and inter-frequency carriers, with overlapped SMTC occasions between intra-frequency SMTC and the union of inter-frequency SMTCs within measurement gap;
(2) NR intra-frequency gap-not-needed carrier and inter-frequency carriers, under the conditions: 
a) There is no intra-frequency SMTC occasions outside measurement gap, and 
b) There are intra-frequency SMTC occasions overlapped with inter-frequency SMTCs occasions within measurement gap.
Note: NR intra-frequency gap-needed carrier should include the scenario where SMTC-based solution (visible interruption) applied, provided that SMTC-based solution is agreed by RAN4 finally.
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