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Introduction
In the RAN2#100 meeting in Reno, it was agreed that the UE can be configured with measurement gaps for inter/intra-frequency measurements and the type of configuration depends on the UE capability and the operating frequency.
Agreements:
1	In the case of per UE measurement gap configuration, MN decides the configuration and informs the SN about the configuration.

2	For Dec 17, adopt a solution where:
	a/ For case of a single gap case the network always configures per UE gaps if the UE is configured to measure any inter-freq or inter-RAT carrier or intra-freq cases where gaps are required.
	b/ For the independent gap case the network always configures for the LTE/FR1 gaps if the UE is configured to measure any carrier within the FR1 range, and network always configures for the FR2 gaps if the UE is configured to measure any carrier within the FR2 range.

3	For the independent gap case once EN-DC is setup:
	a/ the MN should inform the measurement gap pattern configuration on FR1 to the SN
	b/ the MN should inform the SN that it wants to measure in FR2 frequency(ies). Some assistance information to the SN to configure the gaps is provided 
	c/ the SN should inform the MN that it wants to measure in NR carriers in FR1 range, if the SN has not already received a measurement gap pattern.  Some assistance information to the MN to configure the gaps is provided
FFS What assistance information is required

4	For the per UE gap case once EN-DC is setup:
	a/ the MN should inform the measurement gap pattern configuration to the SN
	b/ the SN should inform the MN that it wants to measure any inter-freq carrier or intra-freq cases where gaps are required.  Some assistance information to the MN to configure the gaps is provided

Based on these agreements, it is possible to perform inter-frequency measurements with the aid of measurement gaps. In this contribution, we discuss if any additional measurement scenario that is not being able to perform based on these existing agreements.

[bookmark: _Ref178064866]Discussion
It has been agreed in NR to support SSTD measurements.  This measurement report will indicate the difference between the time of reception of SSBs from the PSCell and the other cell under consideration.  
Agreements
1:	The network can configure the NR SSTD measurement whenever a NR PSCell is configured
2: 	NR SSTD measurement reporting is extended for cells that are not yet configured in the case that no NR PSCell is configured

To perform these SSTD measurements or in general any inter-frequency measurements, the network configures the UE with relevant inter-frequency measurement configurations. An example of such a scenario is provided below in Figure 1. In this scenario, the UE has its PCell in F1 and the network requests for SSTD/inter-frequency measurements in F2 for the cell that transmits its SSBs in the F2 frequency region shown in yellow. The serving cell provides a measurement object corresponding to F2 that encompass a SMTC window for measurement. This assumes that the serving cell in F1 is aware of the SSB transmission locations in F2 i.e., there is already an ANR like functionality has been used to set-up neighbour relations and exchange relevant information.  Based on this, the serving cell in F1 would have adjusted the timing-offset parameter in the SMTC window to ensure that the SSBs transmitted by the cell in F2 falls within the SMTC window. 
Along with the SMTC window, the serving cell in F1 would have also configured the UE with measurement gaps (if required). Currently available measurement gap patterns are provided in table 9.2.1-1 and 9.2.1-2 of TS 38.133 related to Requirements for support of RRM [1]. Based on these gap patterns, the maximum available gap length is 6 ms and the minimum periodicity is 20 ms.  
As mentioned before, the existing measurement gap pattern and the contents of measurement object (timing offset in SMTC + other measurement related configurations) enable the UE to perform measurements in F2.
Observation 1 Currently specified measurement gap patterns and SMTC window related configurations suffice to perform inter-frequency measurements.
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[bookmark: _Ref503201824]Figure 1: Scenario 1- inter-frequency measurements within SMTC window.
Table 9.1.2-1: Gap Pattern Configurations supported by the E-UTRA-NR dual connectivity UE
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)

	0
	6
	40

	1
	6
	80

	2
	3
	40

	3
	3
	80

	FFS: [4]
	[6]
	[20]

	[5]
	6
	160

	FFS: [6]
	[4]
	[20]

	[7]
	4
	40

	[8]
	4
	80

	[9]
	[4]
	[160]

	[10]
	3
	20

	[11]
	3
	160

	FFS: [12]
	[5.5]
	[20]

	[13]
	[5.5]
	40

	[14]
	[5.5]
	80

	[15]
	[5.5]
	160

	[16]
	[3.5]
	20

	[17]
	[3.5]
	40

	[18]
	[3.5]
	80

	[19]
	[3.5]
	160

	[20]
	[1.5]
	20

	[21]
	[1.5]
	40

	[22]
	[1.5]
	80

	[23]
	[1.5]
	[160]



Table 9.1.2-2: Applicability for Gap Pattern Configurations supported by the E-UTRA-NR dual connectivity UE
	Measurement gap pattern configuration
	Serving cell 
	Measurement Purpose
	Applicable Gap Pattern Id

	Per-UE measurement gap
	E-UTRA + FR1, or 
E-UTRA + FR2, or 
E-UTRA + FR1 + FR2

	E-UTRA only
	[0,1,2,3]

	
	
	FR1 and/or FR2 
	[0-11]

	
	
	E-UTRAN and FR1 and/or FR2
	[0,1,2,3]

	Per FR measurement gap
	E-UTRA and, FR1 if configured
	E-UTRA only
	[0,1,2,3] 


	
	FR2 if configured
	
	No gap 

	
	E-UTRA and, FR1 if configured
	FR1 only 
	[0-11] 

	
	FR2 if configured
	
	No gap

	
	E-UTRA and, FR1 if configured
	FR2 only
	No gap

	
	FR2 if configured
	
	[12-23]

	
	E-UTRA and, FR1 if configured
	E-UTRA and FR1 
	[0,1,2,3]

	
	FR2 if configured
	
	No gap

	
	E-UTRA and, FR1 if configured
	FR1 and FR2
	[0-11] 

	
	FR2 if configured
	
	[12-23]

	
	E-UTRA and, FR1 if configured
	E-UTRA and FR2
	[0,1,2,3] 

	
	FR2 if configured
	
	[12-23]

	
	E-UTRA and, FR1 if configured
	E-UTRA and FR1 and FR2
	[0,1,2,3] 

	
	FR2 if configured
	
	[12-23]

	Editor notes: this applicability table might need revise according to any change made on Table 9.1.2-1: Gap Pattern Configurations supported by the UE



However, there can be scenarios where the timing information of F2 might not be available. Especially in a newly deployed network, a ANR like feature is required to identify any inter-frequency neighbour. One such scenario is depicted in Figure 2. When the UE is configured for measurement in F2, the UE returns empty handed and thus a cell in F1 could fail to detect a neighbouring cell in F2. In such scenario, wherein the network is not aware of the SSB transmission locations (timing offset of SMTC) in a carrier, the network has to configure UEs with different possible timing offset values until it can confirm the presence/absence of neighbour cells in a particular carrier. This can be a tedious job both for the UE (many more measurements) and network and therefore should be avoided.
Observation 2 Currently specified measurement gap patterns and SMTC window related configurations cause UE and network overhead for the detection of a neighbour cell in those carriers where there are no neighbours available in the current neighbour list.

[image: ]
[bookmark: _Ref503203712]Figure 2: Scenario 2 - inter-frequency measurements missing the configured SMTC window.
One way to avoid this overhead is to have the possibility to have a longer measurement gap length (MGL) wherein the UE can be configured to measure the whole duration of MGL, neglecting the SMTC window based duration as configured in the SMTC window. By using this configuration, the network can request the UE to perform inter-frequency measurements in those carriers where there are no neighbours available for the current serving cell. Therefore, we kindly ask RAN2 to send a LS to RAN4 for the support of longer MGL to aid unknown inter-frequency neighbour detection.
Proposal 1. Send an LS to RAN4 for the support of longer (20 ms) MGL to support inter-frequency neighbour detection.
A draft LS is provided in [2].
Conclusion
In the previous section, the following has been observed:
Observation 1 Currently specified measurement gap patterns and SMTC window related configurations suffice to perform inter-frequency measurements.
Observation 2 Currently specified measurement gap patterns and SMTC window related configurations cause UE and network overhead for the detection of a neighbour cell in those carriers where there are no neighbours available in the current neighbour list
Based on these observations, we have proposed the following:
Proposal 1. [bookmark: _In-sequence_SDU_delivery]Send an LS to RAN4 for the support of longer (20 ms) MGL to support inter-frequency neighbour detection.
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