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1. Introduction
The gap sharing topic was discussed for a long time. Gap sharing is essential however the requirements are still not settled down. In this contribution we provide further discussion on gap sharing in EN-DC and SA.
2. Discussion
2.1. Gap sharing for measurement prioritization

In the current specification (TS38.133-f30), the gap sharing related content was described as below [1],

	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]



In last meeting, a way forward on gap sharing for measurement prioritization in different scenarios was approved in [2].
	RAN4 further study the gap sharing for measurement prioritization problem for EN-DC in Rel-15, i.e operator’s request to enable LTE inter-frequency measurement prioritization (for inter-freq HO). 


In the current phase, it is too late to introduce new signaling in the RAN2 specification. So 2 bits shall be kept for gap sharing. One proposed method [3] is to reinterpret the meaning of “X”.
Table 1. One option of gap sharing considering prioritization of LTE inter-frequency

	Network signaling ParameterName (to be determined by RAN2)
	Value of X (%)

	‘00’
	Equal splitting

	‘01’
	[25] % for E-UTRA inter-frequency measurements

[75] % for other measurements

	‘10’
	[50] % for E-UTRA inter-frequency measurements

[50] % for other measurements

	‘11’
	[75] % for E-UTRA inter-frequency measurements

[25] % for other measurements


As we know, there are per-UE gap and per-FR gap. The corresponding signalling in RAN2 is duplicated as below,

	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 can not 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.



If per UE gap is configured to UE, then Table.1 can be applied to deduce the gap opportunities. However if per FR gap is configured (FR1 gap and FR2 gap), then Table.1 can’t be applied for the configured carriers in FR2.
Moreover as we know the prioritizing of LTE inter-frequency measurement is applicable for EN-DC since the mobility is served by LTE. For SA, in our understanding, the NR carrier measurement seems more important than LTE frequency. In other words, Table 1 is not applicable for SA.
We think it is expect to define a general table which can be applied for per-UE gap, per FR gap and EN-DC and SA in Rel-15. 

Another option is to reuse the current gap sharing signalling table, and for EN-DC scenario the LTE inter-frequency carriers occupy 50% opportunities which are allocated to both inter-frequency and inter-RAT measurements. For example, 25% MG (X=25) is allocated to intra-frequency measurement, then LTE carriers occupies half of the remaining MG opportunities (i.e., 75%*50%), and other inter-frequency NR carriers and inter-RAT carriers shares the left 75%*50% MG opportunities. In essence, this method implicitly specifies the measurement probability of the LTE inter-frequency carriers. To some extent, this method prioritized the measurement of LTE inter-frequency carriers. For SA case, there is no need to prioritize the LTE inter-frequency carriers. The detailed equation will be discussed in section 2.5.
Proposal 1: No need to change the gap sharing table specified in the current specification. 

Proposal 2: For EN-DC scenario the LTE inter-frequency carriers occupy 50% opportunities which are allocated to both inter-frequency and inter-RAT measurements. 
2.2. Two searchers with one MG occasion
There is some discussion on two searchers in the Ad Hoc minutes at RAN4#87AH meeting.
	Agreements:

· 2 searchers are assumed for FR1 only measurements.

· RF limitation within the measurement gap: 
· For FR1, In case of intra-frequency measurement during MG, UE can conduct measurements of intra-frequency with up to two frequency layers within one MG occasion, including
· One intra-frequency with Pcell/PSCell  and one intra-frequency with Scell 
· Two intra-frequency with Scell

· For per-UE gap configuration, in case of inter-frequency/inter-RAT measurement during MG, UE can only conduct measurement of one inter-frequency/inter-RAT within one MG occasion


In the following, two examples are given. In Figure.1 the SMTC of PCC, SCC1 and SCC2 are fully overlapping with MG(scenario 1a), and one intra-frequency carrier with gap (measurement type C) is configured as well. UE can perform measurement on (PCC and SCC1) or (PCC and SCC2) simultaneously since UE is support of two searcher capability. However if UE retunes its RF from the active BWP to the to-be measured SSB on intra-frequency carrier, then only one frequency can be measured at a time. So (PCC and SCC1) , (PCC and SCC2) and one intra-frequency measurement with gap compete with one MG. The Measurement probability for PCC, SCC1, SCC2 and intra-frequency (Type C) is 2/3,1/3, 1/3, 1/3 and 1/3 respectively.
In Figure.2 the SMTC of SCC1, SCC2 and SCC3 are fully overlapping with MG (scenario 1a), and one intra-frequency carrier with gap (measurement type C)  is configured as well. UE can perform measurement on (SCC1 and SCC2) or (SCC1 and SCC3) or (SCC2 and SCC3) simultaneously since UE is support of two searcher capability. However if UE retunes its RF from the active BWP to the to-be measured SSB on intra-frequency carrier, then only one frequency can be measured at a time. So the Measurement probability for SCC1, SCC2 and inter-frequency is 4/9, 4/9, 4/9, 4/9 and 1/3 respectively.

[image: image1.emf]MG

PCC/PSCC

SCC1

SSC2

Intra-f with gap

1/3

1/3

1/3

2/3


Figure 1. Example 1 of two searcher measurement
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Figure 2. Example 2 of two searcher measurement
In both examples, although 3 CCs are fully overlapping with MG, the measurement probability of each carrier is different since PCC has higher priority than SCC. It shall be note that the two examples are based on the assumption that all CCs are on FR1. As we know we are still discussing Kca for FR2 and FR1+FR2 cases in multiple carrier topic. So introducing multiple searcher into the gap sharing will complicated the discussion furthermore. From our point of view, as the measurement gap sharing issue has been discussed for a long time and no clear consensus are reached until now, we suggest to focus on the most essential part at current stage, and the enhancement (like two searcher measurement) will be considered at the latter stage.

Proposal 3: Two searcher measurement is not considered in gap sharing.
2.3. Gap sharing in EN-DC and SA
For EN-DC, E-UTRA frequency is regarded as inter-frequency carrier since the E-UTRA frequency is configured by E-UTRA PCell. The inter-RAT measurements includes UTRA carrier and GSM carrier measurements. For SA, the E-UTRA frequency is regarded as inter-RAT carrier. The inter-RAT measurement includes only E-UTRA measurement.
Moreover as we discussed in section 2.1, for ENDC the E-UTRA inter-frequency shall be prioritized. However in SA, the E-UTRA frequency has no motivation of higher priority. 
Proposal 4: Gap sharing for EN-DC and SA is different.
2.4. Gap sharing for per-FR and Per-UE gap
For a UE which does not support per-FR measurement gaps, the gap sharing shall consider the per-UE gap pattern and all configured carries. For UE which support per-FR gaps, the gap sharing shall consider the gap pattern and configured carries in the corresponding frequency range.
Proposal 5: For a UE which does not support per-FR measurement gaps, the gap sharing shall consider the per-UE gap pattern and all configured carries. For UE which support per-FR gaps, the gap sharing shall consider the gap pattern and configured carries in the corresponding frequency range.
2.5. Gap sharing method
In this section, we continue to discuss the gap sharing method. Measurement gaps shall be shared among the following four measurement types:
· 1: Intra-frequency measurement (Type A) where SMTC occasions are fully overlapping with MG
· 2: Intra-frequency measurement with gaps: SSB is out of the operating BWP (Type C)
· 3: Inter-frequency measurement: All inter-frequency measurements are based on measurement gaps (Type D)
· 4: Inter-RAT measurement: All inter-RAT measurements are based on measurement gaps(Type D)
When network signals “01”, “10” or “11”, the factor Kintra = 1 / X * 100 and Kinter = 1 / (100 – X) * 100 shall be applied to the corresponding intra-frequency measurement and inter-frequency/inter-RAT measurements. Note for EN-DC, the EUTRA inter-frequency measurement will occupy 50% * Kinter and the other NR inter-frequency, UTRA and GSM carriers. For SA, there is no such priority.
Herein one example is given. As shown in Figure 3, there is 1 intra-frequency measurement carriers(scenario 1a) #A, one E-UTRA measurement carrier #B, and 4 inter-frequency NR measurement carriers  #C, #D, #E,#F, where the corresponding SMTC periodicity and offset are configured as (40ms, 0ms), (40ms, 0ms)(synchronization signal on LTE carrier), (80ms, 0ms), (80ms, 40ms), (80ms, 0ms) and (80ms, 0ms), respectively.
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Figure 3. Example of gap sharing
If network indicates “01” for gap sharing, e.g., 25% (X=25) gaps are allocated for intra-frequency measurements, and 75% gaps are allocated for inter-frequency/inter-RAT measurements. 
For EN-DC scenario, 

It can be seen that carriers #A and #B are sharing the (25% *gap#1), the 3 carriers #C, #E and #F are sharing the left (75% *gap#1). The occupied measurement gap opportunities for each frequency and for each gap occasion is shown in Table 2.
Table 1. Measurement gap opportunities for EN-DC
	 MO
	Gap#1
	Gap#2
	Gap#3
	Gap#4

	A
	X%
	X%
	X%
	X%

	B
	(1- X%)*(1/2)
	(1- X%)*(1/2)
	(1- X%)*(1/2)
	(1- X%)*(1/2)

	C
	(1- X%)*(1/6)
	0
	(1- X%)*(1/6)
	0

	D
	0
	(1- X%)(1/2)
	0
	(1- X%)*(1/2)

	E
	(1- X%)*(1/6)
	0
	(1- X%)*(1/6)
	0

	F
	(1- X%)*(1/6)
	0
	(1- X%)*(1/6)
	0


Based on Table 1, for carrier #A, the scaling factor is 
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Table 2. Measurement gap opportunities for SA

	MO
	Gap#1
	Gap#2
	Gap#3
	Gap#4

	A
	X%
	X%
	X%
	X%

	B
	(1- X%)*(1/4)
	(1- X%)*(1/2)
	(1- X%)*(1/4)
	(1- X%)*(1/2)

	C
	(1- X%)*(1/4)
	0
	(1- X%)*(1/4)
	0

	D
	0
	(1- X%)(1/2)
	0
	(1- X%)*(1/2)

	E
	(1- X%)*(1/4)
	0
	(1- X%)*(1/4)
	0

	F
	(1- X%)*(1/4)
	0
	(1- X%)*(1/4)
	0


Based on Table 2, for carrier #A, the scaling factor is 
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In summary, the gap sharing can be described as below.

The values of 
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Table 3: Measurement probability 
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	Note 1: 
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Note 2: The value of X is determined by network signals for gap sharing.


Table 4: Measurement probability 
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Where:
1) The values of 
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 denotes the index of k-th measurement gap within 160ms, and 
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 denotes the total number of NR intra-frequency measurement objects whose measurement occasions are contained in gap #
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3) The value of 
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4) The value of 
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5) The value of 
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· For SSB based inter-frequency measurements, the scaling factor CSFinter for measurement object #i can be defined as:
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Where,

The values of 
[image: image44.wmf]n

 denotes the total number of gaps which are available for measurement object #i within 160ms, and 
[image: image45.wmf]160/MGRP

n

£

.

The values of 
[image: image46.wmf]j

k

 denotes the gap index of j-th measurement occasion which are available for measurement object #i within 160ms.

· For SSB based intra-frequency measurements, the scaling factor CSFintra for measurement object #i can be defined as:
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Where,

The values of 
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 denotes the total number of gaps which are available for measurement object #i within 160ms, and 
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· The scaling factor CSFLTE,inter-f  for LTE inter-frequency measurement objects configured in NSA can be defined as:
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· The scaling factor CSFLTE,inter-RAT  for LTE inter-RAT measurement objects configured in SA can be defined as:
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· The scaling factor CSF3G/2G,inter-RAT  for 3G/2G inter-RAT measurement objects configured in NSA can be defined as:
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Proposal 6: The gap sharing method shall be specified as below,
· For SSB based intra-frequency measurements, the scaling factor CSFintra for measurement object #i can be defined as:
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· The scaling factor CSFLTE,inter-f  for LTE inter-frequency measurement objects configured in NSA can be defined as:
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· The scaling factor CSFLTE,inter-RAT  for LTE inter-RAT measurement objects configured in SA can be defined as:
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· The scaling factor CSF3G/2G,inter-RAT  for 3G/2G inter-RAT measurement objects configured in NSA can be defined as:
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3. Conclusions

This contribution provides the further consideration on measurement gap sharing. The following proposals are proposed:
Proposal 1: No need to change the gap sharing table specified in the current specification. 

Proposal 2: For EN-DC scenario the LTE inter-frequency carriers occupy 50% opportunities which are allocated to both inter-frequency and inter-RAT measurements. 

Proposal 3: Two searcher measurement is not considered in gap sharing.
Proposal 4: Gap sharing for EN-DC and SA is different.
Proposal 5: For a UE which does not support per-FR measurement gaps, the gap sharing shall consider the per-UE gap pattern and all configured carries. For UE which support per-FR gaps, the gap sharing shall consider the gap pattern and configured carries in the corresponding frequency range.
Proposal 6: The gap sharing method shall be specified as below,

· For SSB based intra-frequency measurements, the scaling factor CSFintra for measurement object #i can be defined as:
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· The scaling factor CSFLTE,inter-f  for LTE inter-frequency measurement objects configured in NSA can be defined as:
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· The scaling factor CSFLTE,inter-RAT  for LTE inter-RAT measurement objects configured in SA can be defined as:
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· The scaling factor CSF3G/2G,inter-RAT  for 3G/2G inter-RAT measurement objects configured in NSA can be defined as:
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The accompany CR of gap sharing was provided in [R4-1813024].
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