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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.



In the TS38.133 first approved version in RAN#78, the following content is captured for the consideration on measurement gap sharing design [2]: 
	When UE requires measurement gaps to identify and measure intra-frequency cells or when SMTC configured for intra-frequency measurement are fully overlapping with measurement gaps, and when UE is configured to identify and measure cells on inter-frequency carriers, 
- the performance of intra-frequency measurement as specified in section 9.2 is scaled by Kintra = 1 / X * 100, 
- the performance of inter-frequency measurement as specified in section 9.3 is scaled by Kinter = 1 / (100 – X) * 100,
where X is a signalled RRC parameter TBD and is defined as in Table 9.1.2-5.
Table 9.1.2-5: Value of parameter X
	Network signaling ParameterName (to be determined by RAN2)
	Value of X (%)

	‘00’
	[TBD]

	‘01’
	[TBD]

	‘10’
	[TBD]

	‘11’
	[TBD]






Although the intra-frequency measurement scenario where gap is needed was extensively discussed in RAN4#85 and RAN4 AH-1801, the applicability of gap sharing mechanism still needs further discussion and clarification. In this paper, we would like provide our further view on the detailed design and the applicability of the gap sharing mechanism between intra- and inter-frequency layers, which is based on our previous discussion papers [3] [4]. 

2 Discussion
2.1 Intra-Frequency SMTC Configuration Restriction
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.” 
In RAN4 AH-1801, the SMTC/SSB-based solution for intra-frequency measurement outside measurement gap is approved in WF [5], which allows SMTC-based or SSB-based visible interruption to perform measurements where the UE may need to perform RX beamforming in FR2 or where serving cell data transmissions have different SCS as the SSB to be measured in FR1, as below description in details:
	SMTC-based Solution Scenario-1: 
In FR1 intra-frequency SS-RSRP/RSRQ/SINR measurement:
· For UE not supporting mixed numerology scenarios, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, [1] symbol before each consecutive SSB symbols and [1] symbol after each consecutive SSB symbols within SMTC window duration if useServingCellTimingForSync is enabled
· For UE not supporting mixed numerology scenarios, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on all symbols within SMTC window duration if useServingCellTimingForSync is not enabled

	SMTC-based Solution Scenario-2: 
In FR2 intra-frequency SS-RSRP/SINR measurement:
· UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, X symbol(s) before each consecutive SSB symbols and X symbol(s) after each consecutive SSB symbols within SMTC window duration (assuming that  useServingCellTimingForSync is always enabled for FR2)
In FR2 intra-frequency SS-RSRQ measurement:
· UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured , RSSI measurement symbols, X symbol(s) before each consecutive SSB/RSSI symbols and X symbol(s) after each consecutive SSB/RSSI symbols within SMTC window duration (assuming that  useServingCellTimingForSync is always enabled for FR2)



On the other hand, even with the SMTC/SSB-based solution for intra-frequency measurement outside measurement gap in WF R4-1801088, measurement gap is still needed for the some intra-frequency measurement cases. 
(a)	SSB to be measured is not contained in the activated bandwidth part of the UE;
(b)	Intra-frequency SMTC occasions overlapped with measurement gap, if SMTC/SSB-based solution is applied for SMTC occasions outside measurement gap. (i.e., the UE may need to perform RX beamforming in FR2 or where serving cell data transmissions have different SCS as the SSB to be measured in FR1.) 
(c)	All intra-frequency SMTC occasions are within measurement gaps. (In this case, UE has no choice but to use measurement gap for intra-frequency measurement purpose)

Observations 1: There are three intra-frequency measurement cases where measurement gap could be needed:
(a)	SSB to be measured is not contained in the activated bandwidth part of the UE;
(b)	Intra-frequency SMTC occasions overlapped with measurement gap, if SMTC/SSB-based solution is applied for SMTC occasions outside measurement gap.
(c)	All intra-frequency SMTC occasions are within measurement gaps.

For the above case (b), since there exist SMTC occasions outside measurement gap, we propose to restrict UE’s intra-frequency measurement only on occasions outside measurement gap, as illustrated in below figure. The rationale comes from the less interruption to serving cell due to the SMTC/SSB-based solution, since the remaining symbols in slot containing SSBs can potentially be used as mini-slot based on RAN1’s design. Furthermore, by restricting intra-frequency measurement in this case, the principle is aligned with our proposal for no-gap needed intra-frequency measurement, i.e., UE is preferred to perform intra-frequency measurement on those occasions to minimize wasting gap occasions if gap is not needed. Furthermore, another benefit is network can use the intra-frequency SMTC and measurement gap configuration to control UE’s measurement behavior.


Figure 1. Restrict intra-frequency measurement on SMTC occasions outside measurement gap

Proposal 1: If there exist SMTC occasions outside measurement gap, UE shall restrict the intra-frequency measurement only on occasions outside measurement gap, if (a) measurement gap is not needed or (b) SMTC/SSB-based solution is applied. 

2.2 Gap Sharing Applicability
Based on the proposal 1 above, the scenarios can be further categorized as below, according to the gap needed or not for intra-frequency measurement and different configuration among measurement gap. 
Table 1. Scenarios to be considered for the necessity of gap sharing mechanism
	Scenario
	Intra-frequency SMTC
	Illustrative Figure
	Gap Sharing Needed?
	Remark

	Scn-1
	All intra-freq SMTC occasions are within measurement gap, 
and 
there exist SMTC occasions overlapped with inter-freq SMTC occasions. 
	[image: ]
(a) Example-1
[image: ]
(b) Example-2
	Yes
	Gap sharing needed for overlapped intra-/inter-freq. SMTCs

	Scn-2
	All intra-freq SMTC occasions are within measurement gap, 
and 
fully non-overlapped with all inter-freq SMTC occasions
	[image: ]
	No
	No explicit gap sharing mechanism is needed.

	Scn-3
	None of intra-freq SMTC occasions is within measurement gap
	[image: ]
	No
	No explicit gap sharing mechanism is needed, and only valid for no-gap-needed intra-freq measurement.

	Scn-4
	Partly overlapped by gap; 
i.e., SMTC periodicity 
< MGRP;
(SMTC occasions exist outside measurement gap)
	[image: ]
	No, if gap is not needed for intra-freq.
	See Proposal-1 for details.

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



Observations 2: Following scenarios can be categorized:
Scenaio-1: All intra-frequency SMTC occasions are within gap, and there exist SMTC occasions overlapped with inter- frequency SMTC occasions.
Scenario-2: All intra- frequency SMTC occasions are within gap, and Intra- frequency SMTC occasions fully non-overlapped with all inter-frequency SMTC occasions.
Scenario-3: None of intra- frequency SMTC occasions is within measurement gap. 
Scenario-4: Intra- frequency SMTC occasions partially overlapped by gap (i.e., SMTC occasions exist outside measurement gap). 

Based on our understanding, for Scenario-2 and 3, there is no need to introduce measurement gap sharing mechanism, since there is either no shared gap between intra- and inter-frequency measurements, or gap is not shared by intra-frequency measurement. 
Proposal 2: Gap sharing mechanism is not applicable for Scenario-2 and Scenario-3. 

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) All intra-freq SMTC occasions are within gap, and there exist SMTC occasions overlapped with inter-freq SMTC occasions;
(2) Intra-freq. SMTC occasions partially overlapped by gap, if gap is needed for intra-frequency measurement. 

2.3 Gap Sharing Design
Next, we would like to provide our analysis on the remaining aspects of gap sharing design, which is applied to Scenario-1, and also Scenario-4 if gap is needed for intra-frequency measurement. Firstly, we would want to emphasize our following proposal, i.e., the measurement gap occasions dedicated for intra-frequency purpose should not be shared with inter-frequency measurement. As illustrated in below Figure-4, the measurement gap occasions in 0ms, 80ms, 160ms, 240ms should not be considered in the gap sharing mechanism. The rationale is straightforward since it is meaningless to allocate these gap occasions for inter-frequency measurement if they are not inter-freq SMTC at all.   
Proposal 4: The measurement gap occasions dedicated for intra-frequency purpose shall not be considered in gap sharing mechanism.

[image: ]
Fig.2 Illustration of Proposal 4, i.e., dedicated measurement occasion for intra-frequency layer should not be considered in the gap sharing mechanism
By taking the above proposal into account, we propose to introduce Y % to represent the portion of intra-frequency SMTC occasions which are not overlapped all inter-frequency SMTC occasions within measurement gaps, i.e., the one which can be allocated directly to intra-frequency measurement without considering gap sharing parameter X%. Therefore, we have the following text proposal: 
Proposal 5: Adopt the following text proposal for gap sharing: 
	When UE requires measurement gaps to identify and measure intra-frequency cells or when SMTC configured for intra-frequency measurement are fully overlapping with measurement gaps, and when UE is configured to identify and measure cells on inter-frequency carriers, 
- the performance of intra-frequency measurement as specified in section 9.2 is scaled by Kintra =1 / [Y + (1 – Y/100) * X ] * 100, 
- the performance of inter-frequency measurement as specified in section 9.3 is scaled by Kinter = 1 / [ (1 – Y / 100) * (100 - X)] * 100,
where X is a signalled RRC parameter TBD which indicate X % of overlapped SMTC occasions between intra-frequency carrier and inter-frequency carriers allocated to intra-frequency measurement and is defined as in Table 9.1.2-5, and
Y % is the portion of intra-frequency SMTC occasions which are not overlapped all inter-frequency SMTC occasions within measurement gaps.



Proposal 6: With the definition above, NW can use the RRC signaled parameter X, and the configuration of intra-/inter-frequency SMTC within measurement gap (which determine the value of Y), to joint control UE’s measurement behavior and expected measurement performance. 

Based on the above definition and analysis, the necessity of X = 0 exists, by using which network can directly use the value of Y (i.e., the portion of intra-frequency SMTC occasions which are not overlapped all inter-frequency SMTC occasions within measurement gaps) to clearly control UE’s measurement behavior, which is much preferred from UE side. For the other values of X, we have the following proposal with 12.5%, 25% and 50%, which indicated one of eight, four, and two shared occasions should be allocated to intra-frequency measurement, which are corresponding to maximum 7 effective NR carrier frequency layers configured. 
Proposal 7: Adopt the following configuration table for the value of X, that is X % of overlapped SMTC occasions between intra-frequency carrier and inter-frequency carriers allocated to intra-frequency measurement: 
	Network signaling ParameterName (to be determined by RAN2)
	Value of X (%)

	‘00’
	0

	‘01’
	12.5

	‘10’
	25

	‘11’
	50




3 Conclusion
In this paper, we provided our view on the applicability and detailed design for the gap sharing mechanism between intra- and inter-frequency layers, and the following observations and proposals achieved: 
Observations 1: There are three intra-frequency measurement cases where measurement gap could be needed:
(a)	SSB to be measured is not contained in the activated bandwidth part of the UE;
(b)	Intra-frequency SMTC occasions overlapped with measurement gap, if SMTC/SSB-based solution is applied for SMTC occasions outside measurement gap.
(c)	All intra-frequency SMTC occasions are within measurement gaps.
Proposal 1: If there exist SMTC occasions outside measurement gap, UE shall restrict the intra-frequency measurement only on occasions outside measurement gap, if (a) measurement gap is not needed or (b) SMTC/SSB-based solution is applied. 

Observations 2: Following scenarios can be categorized:
Scenaio-1: All intra-frequency SMTC occasions are within gap, and there exist SMTC occasions overlapped with inter- frequency SMTC occasions.
Scenario-2: All intra- frequency SMTC occasions are within gap, and Intra- frequency SMTC occasions fully non-overlapped with all inter-frequency SMTC occasions.
Scenario-3: None of intra- frequency SMTC occasions is within measurement gap. 
Scenario-4: Intra- frequency SMTC occasions partially overlapped by gap (i.e., SMTC occasions exist outside measurement gap). 
Table 1. Scenarios to be considered for the necessity of gap sharing mechanism
	Scenario
	Intra-frequency SMTC
	Illustrative Figure
	Gap Sharing Needed?
	Remark

	Scn-1
	All intra-freq SMTC occasions are within measurement gap, 
and 
there exist SMTC occasions overlapped with inter-freq SMTC occasions. 
	[image: ]
(a) Example-1
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(b) Example-2
	Yes
	Gap sharing needed for overlapped intra-/inter-freq. SMTCs

	Scn-2
	All intra-freq SMTC occasions are within measurement gap, 
and 
fully non-overlapped with all inter-freq SMTC occasions
	[image: ]
	No
	No explicit gap sharing mechanism is needed.

	Scn-3
	None of intra-freq SMTC occasions is within measurement gap
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	No
	No explicit gap sharing mechanism is needed, and only valid for no-gap-needed intra-freq measurement.

	Scn-4
	Partly overlapped by gap; 
i.e., SMTC periodicity 
< MGRP;
(SMTC occasions exist outside measurement gap)
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	No, if gap is not needed for intra-freq.
	See Proposal-1 for details.

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



Proposal 2: Gap sharing mechanism is not applicable for Scenario-2 and Scenario-3. 
Proposal 3: Gap sharing mechanism (depending on RRC signaled parameter X) is applicable for the following scenarios: 
(1) All intra-freq SMTC occasions are within gap, and there exist SMTC occasions overlapped with inter-freq SMTC occasions;
(2) Intra-freq. SMTC occasions partially overlapped by gap, if gap is needed for intra-frequency measurement. 
Proposal 4: The measurement gap occasions dedicated for intra-frequency purpose shall not be considered in gap sharing mechanism.
Proposal 5: Adopt the following text proposal for gap sharing: 
	When UE requires measurement gaps to identify and measure intra-frequency cells or when SMTC configured for intra-frequency measurement are fully overlapping with measurement gaps, and when UE is configured to identify and measure cells on inter-frequency carriers, 
- the performance of intra-frequency measurement as specified in section 9.2 is scaled by Kintra =1 / [Y + (1 – Y/100) * X ] * 100, 
- the performance of inter-frequency measurement as specified in section 9.3 is scaled by Kinter = 1 / [ (1 – Y / 100) * (100 - X)] * 100,
where X is a signalled RRC parameter TBD which indicate X % of overlapped SMTC occasions between intra-frequency carrier and inter-frequency carriers allocated to intra-frequency measurement and is defined as in Table 9.1.2-5, and
Y % is the portion of intra-frequency SMTC occasions which are not overlapped all inter-frequency SMTC occasions within measurement gaps.



Proposal 6: With the definition above, NW can use the RRC signaled parameter X, and the configuration of intra-/inter-frequency SMTC within measurement gap (which determine the value of Y), to joint control UE’s measurement behavior and expected measurement performance. 
Proposal 7: Adopt the following configuration table for the value of X, that is X % of overlapped SMTC occasions between intra-frequency carrier and inter-frequency carriers allocated to intra-frequency measurement: 
	Network signaling ParameterName (to be determined by RAN2)
	Value of X (%)

	‘00’
	0

	‘01’
	12.5

	‘10’
	25

	‘11’
	50
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If (a) no gap is needed for intra-freq or (b) SMTC/SSB-based solution applied, intra-freq measurement shall be only performed on SMTCs outside measurement gap if those SMTCs exist.



image2.jpg
Gap —m———— =

Al == e

2
3

sy




image3.jpg
Gap —m———— ==

Al =

2
3

sy




image4.jpg
Gap —m———— ==

Al =

2
3

sy




image5.jpg
Gap —m———— ==

Al ——— ==

2
3

sy




image6.jpg
Gap —m————— =

il —=—— ===

2
3

sy




image7.jpg
Measurement gap occasion dedicated
for ntra-requency layer

e e ®me

=1 = o=

L lra) —e=

2

[

o 0 00 150 200 250




image1.emf
0

50 100

Gap

F1 (Intra)

F2

F3

If (a) no gap is needed for intra-freq or (b) 

SMTC/SSB-based solution applied, intra-freq 

measurement shall be only performed on SMTCs 

outside measurement gap if those SMTCs exist.


