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1	Introduction
In last RAN4 meeting, there are intense discussions on NR measurement gap and many issues are still controversial, e.g. measurement gap sharing. According to the current RAN4 agreement, the condition when MG sharing applies is clear:
	· UE is configured with inter-frequency measurement or inter-RAT measurement, and 
· UE is configured with one of the following gap based intra-frequency measurement 
· Intra-frequency measurement requiring MG
· Intra-frequency measurement with SMTC fully overlapping with MG


However, some uncertain parts exist in the condition for intra-frequency measurement requiring MG and how to share the gap between different measurement procedures. In this contribution, we would like to share our view on these issues.

2 [bookmark: OLE_LINK32]Condition for intra-frequency measurement with gap
Regarding to intra-frequency measurement requiring MG, RAN4 has defined the conditions for intra-frequency SSB based measurements without measurement gaps in [1].
	9.2.1       Introduction
[…]
The UE can perform intra-frequency SSB based measurements without measurement gaps if
· the SSB is completely contained in the downlink operating bandwidth of the UE. For intra-frequency SSB based measurements without measurement gaps, UE may cause scheduling restriction as specified in section 9.2.5.3.



However, the wording “operating bandwidth” in the current spec is not clear for NR, since bandwidth part is introduced in NR standard. In TS38.211, it specifies that a UE can be configured with up to four bandwidth parts in the downlink/uplink with a single downlink/uplink bandwidth part being active at a given time. In this context, RAN4 should align to RAN1 spec the terminology in TS38.133 and clarify the condition on which UE can perform intra-frequency SSB based measurements without measurement gaps considering the case that multiple BWPs are configured. Therefore, the wording “downlink operating bandwidth” is no longer appropriate and needs to be further specified.
In order to clarify the condition for intra-frequency SSB based measurements without measurement gaps, we propose 2 alternatives for explaining “downlink operating bandwidth”.
· Alt1: The UE can perform intra-frequency SSB based measurements without measurement gaps if the SSB is completely contained in the active downlink BWP of the UE; otherwise, if the SSB is not completely contained in the downlink active BWP of the UE, the MG is required when UE perform the measurements.
· Alt2: The UE can perform intra-frequency SSB based measurements without measurement gaps if the SSB is completely contained in every configured downlink BWP of the UE; otherwise, if the SSB is not completely contained in at least one of the configured downlink BWPs of the UE, the MG is required when UE perform the measurements.

Proposal 1: RAN4 should clarify the condition for intra-frequency SSB based measurements without measurement gaps in the spec considering the BWPs UE configured.

3 Measurement gap sharing
[bookmark: _GoBack]In RAN4 #87 meeting, RAN4 decided to introduce measurement gap sharing factor and send the LS to RAN2 to ask introducing the corresponding signalling [1]. According to the RAN4 spec so far, current gap sharing requirement and definition of the signaling defines as following.
	Measurement gap sharing shall be applies 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 and inter-RAT carriers. When network signals “01”, “10” or “11”, where X is a signalled RRC parameter TBD and is defined as in Table 9.1.2-5,
-	the performance of intra-frequency measurements with no measurement gaps as specified in section 9.2.5, when SMTC configured for intra-frequency measurement are fully overlapping with measurement gaps, shall consider the factor Kintra = 1 / X * 100, 
-	the performance of intra-frequency measurements with measurement gaps as specified in section 9.2.6  shall consider the factor Kintra = 1 / X * 100, 
-	the performance of inter-frequency measurement as specified in section 9.3 and the performance of inter-RAT measurement as specified in section 9.4 shall consider the factor  Kinter = 1 / (100 – X) * 100, 
When network signals “00” indicating equal splitting gap sharing, X is not applied and the performance of intra-frequency measurements as specified in section 9.2.5 and section 9.2.6, the performance of inter-frequency measurement as specified in section 9.3 and the performance of inter-RAT measurement as specified in section 9.4 are FFS.
Table 9.1.2-5: Value of parameter X
	Network signaling ParameterName (to be determined by RAN2)
	Value of X (%)

	‘00’
	Equal splitting

	‘01’
	[25]

	‘10’
	[50]

	‘11’
	[75]






It has to admit that this is a preliminary edition and not sound enough for existing standards. For example, as proposed in [2], LTE measurement is more important than NR measurement in some cases such as EN-DC operation since the mobility is served by LTE. From network perspective, the value of X indeed determines the final requirement of the measurement of a certain type. In the other words, when EN-DC is configured, network pays more attention to the measurement report of LTE MOs than to that of NR or other RATs. Thus, it does make sense to reflect network’s expectation regarding measurement performance by transmitting different values of X. 
In the meanwhile, RAN2 would like to define the corresponding IE for measurement gap sharing scheme as follows.
	MeasGapSharingConfig
The IE MeasGapSharingConfig specifies the measurement gap sharing scheme and controls setup/ release of measurement gap sharing.
MeasGapSharingConfig information element
-- ASN1START
--TAG-MEAS-GAP-SHARING-CONFIG-START

MeasGapSharingConfig ::=		SEQUENCE {
	gapSharingFR2 				SetupRelease { MeasGapSharingScheme }		OPTIONAL,	-- Need M
	...,
	[[
		gapSharingFR1 				SetupRelease { MeasGapSharingScheme }		OPTIONAL,	--Need M
		gapSharingUE 				SetupRelease { MeasGapSharingScheme }		OPTIONAL	--Need M
	]]

}

MeasGapSharingScheme ::=		ENUMERATED { scheme00, scheme01, scheme10, scheme11 }

--TAG-MEAS-GAP-SHARING-CONFIG-STOP
-- ASN1STOP
	MeasGapSharingConfig field descriptions

	gapSharingFR1
Indicates the measurement gaps sharing scheme that applies to the gap set for FR1 only. In the case of EN-DC, gapSharingFR1 cannot be set up by NR RRC (i.e. only LTE RRC can configure FR1 gap sharing). gapSharingFR1 cannot be configured together with gapSharingUE. For the different gap sharing schemes, see TS 38.133 [14]. Value scheme00 corresponds to "00", value scheme01 corresponds to "01", and so on.

	gapSharingFR2
Indicates the measurement gaps sharing scheme that applies to the gap set for FR2 only. gapSharingFR2 cannot be configured together with gapSharingUE. For the different gap sharing schemes, see TS 38.133 [14]. Value scheme00 corresponds to "00", value scheme01 corresponds to "01", and so on.

	gapSharingUE
Indicates the measurement gaps sharing scheme that applies to the gap set per UE.  In EN-DC, gapSharingUE cannot be set up by NR RRC (i.e. only LTE RRC can configure per UE gap sharing). If gapSharingUE is configured, then neither gapSharingFR1 nor gapSharingFR2 can be configured. For the different gap sharing schemes, see TS 38.133 [14]. Value scheme00 corresponds to "00", value scheme01 corresponds to "01", and so on.






RAN2 differentiates the IE for gap sharing scheme based on the type of measurement gap, and leave the detailed definition of each index of gap sharing to RAN4 decision. Therefore, RAN4 do have reason to considering different indications for each scenario.
In light of reasons above, current specified X may not be reasonable in some cases, such as EN-DC, NE-DC, NR-NR DC, etc. Meanwhile, the type of measurement gap UE configured should also take into consideration. RAN4 should study on the importance of measurement of each kind in different scenarios.

Proposal 2: RAN4 should study on the importance of measurement of each kind in different scenarios and revisit the meaning of X accordingly, in order to handle priority of measurement of certain kind.

From the present RAN4 agreement, it can be deduced that UE shall perform some measurements in a certain proportion of MG when network signals “01”, “10” or “11”, i.e. exact 25%, 50%, or 75% MG for some measurements. Yet the sharing percentage should apply to which MGs and how to realize the exact the proportion within the shared MGs are still outstanding issues. 
Here we would like to discuss about MG sharing procedure. We assume a measurement case including intra and inter measurement with very some simple sharing principles like ones proposed in [3], i.e. 
	· Principle 1: When X does not denote equal splitting, UE first decides to conduct intra-frequency measurement or inter-frequency measurement in particular gap occasion based on gap sharing factor, then decides which carrier to be measured based on the Principle 2.   
· Principle 2: When MG is decided for intra-frequency measurement, UE can conduct measurements of one of intra-frequency carrier; when MG is decided for inter-frequency measurement, UE can choose one inter-frequency carrier. All carriers belonging to the same type (intra or inter) should be treated equally and have equal access to MG.



On the basis of our principles, we then discuss the situation that Type A/B, Type C, and Type D are all measured within MGs. There are 2 intra-frequency MOs and 3 inter-frequency MOs to be simultaneously monitored within the MG of 20ms period. The gap sharing factor X is simply set to be 50% and is only applied to the MG within which both intra and inter MOs can be observed. The MG used to measure intra-frequency MO is colored by yellow, while MG used to measure inter-frequency MO is colored by blue. The actually measured MO is colored by green. 
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Figure 1: Sharing result via online MG sharing
[bookmark: OLE_LINK37]We follow the sharing factor 50% and then strictly color the conflicting MO blue and yellow in turn, the measurement result is shown as Figure above. However, it would not be a satisfied sharing result since MO A, B, C, and D all have a measurement blank of very long period, e.g. MO D has up to 5 times of SMTC period blank during which UE cannot perform any measurement on D. And considering it is only a very simple case of 5 MOs, the situation will be more severe when the number of MO increases and MOs of other type need to be monitor. To conclude, if UE perform MG sharing by this kind of “online MG sharing” method, the performance of measurement will deteriorate and may not meet some requirements. Even in the worst cases, MO will never be measured since all its SMTCs are fully overlapped with the MGs which are not assigned to its measurement category, such as shown in Figure 2, where MO C and D cannot be measured since the UE has no choice.
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Figure 2: Sharing result via online MG sharing where C and D cannot be measured

Observation 1: Strictly following the gap sharing factor percentage could lead to unexpected performance deterioration of the measurement.

UE also can predefine the sharing strategy for the MGs contained in a long time span and duplicate the pattern to the following period, before performing measurement. In this case, we use 160ms as the time period since 160ms is the least common multiple of the 5 MOs’ SMTC period. We first decide the sharing strategy of MO1 to MO8, and then use it for every following 160ms period. With a minor modification from Figure 1, the sharing result is illustrated as Figure 3 (the problem of Figure 2 can be easily tackled by the same method).
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Figure 3: Sharing result via pre-allocated MG sharing
From the figure it is shown that the irregular measurement opportunities for a certain MO has been avoided to a large extent. Moreover, the pre-allocated MG sharing has an obviously advantage that UE could decide to use the MG for intra or inter MO from a globe view and choose some of MGs, e.g. MO4 in Figure2, to measure A or D according to its own situation. Only in this way can a UE meet all kinds of measurement requirements.

Proposal 3: UE shall perform a pre-allocated MG sharing scheme rather than an online MG sharing scheme for the sake of meeting all measurement requirements.

Meanwhile, it is observed that a fixed sharing factor is impractical and it cannot be realized in some cases (such as Figure 3). For example, in Figure 3, if MG4 is used for intra MO, the sharing factor would be 57%; if MG4 is used for inter MO, the sharing factor would be 42%. Therefore, in case of that MGs are shared by too many MO and the situation becomes quite complicated, the IE X shall not denote a fixed proportion for a certain kind measurement. 
In this context, IE X should provide more room for sharing the MO, i.e. specify a lower bound of MG sharing proportion. If X denotes at least 25% MG is used for intra-frequency measurement, UE could actually use exact 25% MG, 42% MG or even 57% MG for intra-frequency measurement. In the 42% and 57% case, UE may feel pressured to meet the intra-frequency measurement requirement and decide to assign more MG to the intra-frequency measurement. As a result, the requirement network implied will be more likely to be satisfied, and the UE has more choices while no RRC reconfiguration is needed.

Proposal 4: The IE X shall not denote a fixed proportion for a certain measurement kind. It defines the MG sharing proportion in the manner of specifying its lower bound.

Proposal 5: The measurement gap sharing and the definition of the signaling should be defined with prioritization in different scenarios taken into account, as below.

	Measurement gap sharing shall be applied 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 and inter-RAT carriers. When network signals “01”, “10” or “11”, where X is a signalled RRC parameter, namely MeasGapSharingScheme,
X is defined as in table 9.1.2-5 and table 9.1.2-6 when the UE is configured for single connectivity, and
X is defined as in table 9.1.2-7 when the UE is configured for dual connectivity (including EN-DC, NE-DC, NR-NR DC),
-	the performance of the measurements in which measurement gap sharing is applied, according to the sharing scheme as the parameter MeasGapSharingScheme indicates , shall consider the scaling factor K,
-  where K = 1 / X * 100 for the measurements not belonging to other measurement specified in the table of X,
-  where K = 1 / (100 – X) * 100 for the measurements belonging to other measurement specified in the table of X,
When network signals “00” indicating equal splitting gap sharing, X is not applied. The performance of measurements as specified in chapter 9 when “00” is indicated are FFS.
Table 9.1.2-5: Value of parameter X for Per-FR gap configured
	MeasGapSharingScheme 
	Value of X (%)

	‘00’
	Equal splitting

	‘01’
	At least [25]% MG for intra-frequency measurement
The rest MG for other measurement

	‘10’
	At least [50]% MG for intra-frequency measurement
The rest MG for other measurement

	‘11’
	At least [75]% MG for intra-frequency measurement
The rest MG for other measurement



Table 9.1.2-6: Value of parameter X for Per-UE gap configured
	MeasGapSharingScheme 
	Value of X (%)

	‘00’
	Equal splitting

	‘01’
	At least [25]% MG for measurement on FR1
The rest MG for other measurement

	‘10’
	At least [50]% MG for measurement on FR1
The rest MG for other measurement

	‘11’
	At least [75]% MG for measurement on FR1
The rest MG for other measurement



Table 9.1.2-7: Value of parameter X for Dual Connectivity
	MeasGapSharingScheme 
	Value of X (%)

	‘00’
	Equal splitting

	‘01’
	At least [25]% MG for intra-frequency measurement corresponding to severing carrier(s) of MCG
The rest MG for other measurement

	‘10’
	At least [50]% MG for intra-frequency measurement corresponding to severing carrier(s) of MCG
The rest MG for other measurement

	‘11’
	At least [75]% MG for intra-frequency measurement corresponding to severing carrier(s) of MCG
The rest MG for other measurement






Or another alternative, as the Alt2 proposed in [2], for dual connectivity case is also reasonable, such as 
	Table 9.1.2-7: Value of parameter X for dual connectivity case
	MeasGapSharingScheme 
	Value of X (%)

	‘00’
	Equal splitting

	‘01’
	At least [50]% MG for intra-frequency measurement corresponding to severing carrier(s) of MCG
The rest MG for other measurement

	‘10’
	At least [50]% MG for inter-frequency measurement corresponding to severing carrier(s) of MCG
The rest MG for other measurement

	‘11’
	At least [50]% MG for measurement
 corresponding to severing carrier(s) of SCG
The rest MG for other measurement






4 Conclusion
In this paper, we provided our view on the remaining issues for NR measurement gap, including the condition for intra-frequency measurement requiring MG and how to share the gap between different measurement procedures, with the following observation and proposals: 
Proposal 1: RAN4 should clarify the condition for intra-frequency SSB based measurements without measurement gaps in the spec considering the BWPs UE configured.

Proposal 2: RAN4 should study on the importance of measurement of each kind in different scenarios and revisit the meaning of X accordingly, in order to handle priority of measurement of certain kinds.

Observation 1: Strictly following the gap sharing factor percentage could lead to unexpected performance deterioration of the measurement.

Proposal 3: UE shall perform a pre-allocated MG sharing scheme rather than an online MG sharing scheme for the sake of meeting all measurement requirements.

Proposal 4: The IE X shall not denote a fixed proportion for a certain measurement kind. It defines the MG sharing proportion in the manner of specifying its lower bound.

Proposal 5: The measurement gap sharing and the definition of the signaling should be defined with prioritization in different scenarios taken into account.
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