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1 Introduction
In last RAN4#88 meeting, UE measurement gap starting time and UE behavior before or after measurement gap were discussed and there were some agreements. For more clarification, related one WF was made [1]. In this paper, we would like to discuss UE measurement gap starting time based on the WF.

2 Discussion 
During the RAN4#88 meeting, the following agreements were made. 

	· When only MGTA or both MGTA and TA applies to measurement gap at UE in addition to measurement gap offset, the following UE behavior in the slot immediately before/after measurement gap should be specified for NR TDD.

· UE is required to conduct reception of DL data in the slot occurring immediately before the measurement gap if the last DL symbol in the slot is not overlapped with the measurement gap. 

· UE shall transmit UL data in the slot occurring immediately before the measurement gap if the last UL symbol in the slot is not overlapped with the measurement gap. 

· UE shall transmit UL data in the slot occurring immediately after the measurement gap if the first UL symbol in the slot is not overlapped with the measurement gap.
· Definition of starting point of MG
· For EN-DC (LTE is the master cell, NR cells are not in MCG)

· If per-UE MG is configured,If per-UE measurement gap is configured with MG timing advance of 0ms, a measurement gap starts at the end of the latest LTE subframe occurring immediately before the measurement gap among MCG serving cells subframes.

· If per-FR measurenet gap for FR1 is configured with MG timing advance of 0ms, this measurement gap for FR1 starts at the end of the latest LTE subframe occurring immediately before the measurement gap among MCG serving cells subframes in FR1.

· If per-FR measurenet gap for FR2 is configured with MG timing advance of 0ms, this measurement gap for FR2 starts at [FFS]. 

· FFS for SA

· FFS when MGTA of 0.5ms or 0.25ms is applied for EN-DC and SA
· UE behavior before and after measurement gap should be considered for following scenarios

· When MGTA (0.5ms for FR1 and 0.25ms for FR2) is applied

· NR TDD

· NR FDD

· NR CA

· Different SCSs on different SCells

· When MGTA (0.5ms for FR1 and 0.25ms for FR2) is NOT applied

· NR TDD

· NR FDD

· NR CA

· Different SCSs on different SCells

· Note: interruption requirements for measurement gap should also be taken into account


Based on the agreements we discuss the MG starting further. 

2.1 MG Starting time

Starting point of MG needs to be clarified for FFS for following scenarios.

	
	Per-UE MG
	Per-FR MG

	
	
	FR1
	FR2

	
	MGTA=0ms
	MGTA>0ms
	MGTA=0ms
	MGTA>0ms
	MGTA=0ms
	MGTA>0ms

	EN-DC
	Defined
	FFS
	Defined
	FFS
	FFS
	FFS

	SA
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	NR CA
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS


In general, MG is configured with gapOffset(0~159 ms) together. It means the starting time of the MG is aligned with subframe boundary for MGTA = 0ms because the length of subframe is fixed with 1ms for NR.
Observation 1: Starting time of MG is aligned with subframe boundary for MGTA = 0ms regardless of SCS 

The starting time of the MG for EN-DC and SA is well defined in TS38.331 as follows. 

	1. 5.5.2.9
Measurement gap configuration

The UE shall:

1>
if gapFR1 is set to setup:

2>
if an FR1 measurement gap configuration is already setup, release the FR1 measurement gap configuration; 

2>
setup the FR1 measurement gap configuration indicated by the measGapConfig in accordance with the received gapOffset, i.e., the first subframe of each gap occurs at an SFN and subframe meeting the following condition:

SFN mod T = FLOOR(gapOffset/10);

subframe = gapOffset mod 10;

with T = MGRP/10 as defined in TS 38.133 [14];

2>
if mgta is configured, apply the specified timing advance to the gap occurences calculated above (i.e. the UE starts the measurement mgta ms before the gap subframe occurences);

1>
else if gapFR1 is set to release:

2>
release the FR1 measurement gap configuration;

1>
if gapFR2 is set to setup:

2>
if an FR2 measurement gap configuration is already setup, release the FR2 measurement gap configuration;

>
setup the FR2 measurement gap configuration indicated by the measGapConfig in accordance with the received gapOffset, i.e., the first subframe of each gap occurs at an SFN and subframe meeting the following condition:

SFN mod T = FLOOR(gapOffset/10);

subframe = gapOffset mod 10;

with T = MGRP/10 as defined in TS 38.133 [14];

2>
if mgta is configured, apply the specified timing advance to the gap occurences calculated above (i.e. the UE starts the measurement mgta ms before the gap subframe occurences);

1>
else if gapFR2 is set to release:

2>
release the FR2 measurement gap configuration;

1>
if gapUE is set to setup:


2>
if a per UE measurement gap configuration is already setup, release the per UE measurement gap configuration;

2>
setup the per UE measurement gap configuration indicated by the measGapConfig in accordance with the received gapOffset, i.e., the first subframe of each gap occurs at an SFN and subframe meeting the following condition:

SFN mod T = FLOOR(gapOffset/10);

subframe = gapOffset mod 10;

with T = MGRP/10 as defined in TS 38.133 [14];

2>
if mgta is configured, apply the specified timing advance to the gap occurences calculated above (i.e. the UE starts the measurement mgta ms before the gap subframe occurences);

1>
else if gapUE is set to release:

2>
release the per UE measurement gap configuration.

NOTE 1: For gapFR2 configuration, the SFN and subframe of a serving cell on FR2 frequency is used in the gap calculation
NOTE 2: For gapFR1 or gapUE configuration, the SFN and subframe of the PCell is used in the gap calculation


According to TS38.331, 

For case of {EN-DC:per-FR MG:FR2:MGTA=0ms}, the starting time of the MG can be defined as follows.
· For EN-DC (LTE is the master cell, NR cells are not in MCG)

· If per-FR measurement gap for FR2 is configured with MG timing advance of 0ms, this measurement gap for FR2 starts at the end of the latest subframe of a serving cell on FR2 occurring immediately before the measurement gap. 

For cases of {EN-DC:per-UE MG:MGTA=0ms} and {EN-DC:per-FR MG:FR1:MGTA=0ms}, clarifications are needed to align with TS38.331 as follows.
· For EN-DC (LTE is the master cell, NR cells are not in MCG)

· If per-UE measurement gap is configured with MG timing advance of 0ms, a measurement gap starts at the end of the latest subframe of E-UTRA PCell occurring immediately before the measurement gap.

· If per-FR measurement gap for FR1 is configured with MG timing advance of 0ms, this measurement gap for FR1 starts at the end of the latest subframe of E-UTRA PCell occurring immediately before the measurement gap.

For case of {EN-DC:MGTA>0ms}, the starting time of the MG can be defined as follows
· For EN-DC (LTE is the master cell, NR cells are not in MCG)

· If per-UE measurement gap is configured with MG timing advance of 0.5ms, a measurement gap starts at 0.5ms before the end of the latest subframe of E-UTRA PCell occurring immediately before the measurement gap.

· If per-FR measurement gap for FR1 is configured with MG timing advance of 0.5ms, this measurement gap for FR1 starts at 0.5ms before the end of the latest subframe of E-UTRA PCell occurring immediately before the measurement gap.

· If per-FR measurement gap for FR2 is configured with MG timing advance of 0.25ms, this measurement gap for FR2 starts at 0.25ms before the end of the latest subframe of a serving cell on FR2 occurring immediately before the measurement gap. 

For case of {SA}, the starting time of MG is similar to {EN-DC} with PCell instead of E-UTRA PCell.
· For SA with MGTA = 0ms
· If per-UE measurement gap is configured with MG timing advance of 0ms, a measurement gap starts at the end of the latest subframe of PCell occurring immediately before the measurement gap.

· If per-FR measurement gap for FR1 is configured with MG timing advance of 0ms, this measurement gap for FR1 starts at the end of the latest subframe of PCell occurring immediately before the measurement gap.

· If per-FR measurement gap for FR2 is configured with MG timing advance of 0ms, this measurement gap for FR2 starts at the end of the latest subframe of a serving cell on FR2 occurring immediately before the measurement gap.
· For SA with MGTA > 0ms
· If per-UE measurement gap is configured with MG timing advance of 0.5ms, a measurement gap starts at 0.5ms before the end of the latest subframe of PCell occurring immediately before the measurement gap.

· If per-FR measurement gap for FR1 is configured with MG timing advance of 0.5ms, this measurement gap for FR1 starts at 0.5ms before the end of the latest subframe of PCell occurring immediately before the measurement gap.

· If per-FR measurement gap for FR2 is configured with MG timing advance of 0.25ms, this measurement gap for FR2 starts at 0.25ms before the end of the latest subframe of a serving cell on FR2 occurring immediately before the measurement gap.
For case of {NR CA}, the starting time of MG is same as {SA} because there is no difference in aspect of gap calculation.
Proposal 1: Starting time of MG which configured with MGTA of 0ms starts at the end of the latest subframe of corresponding serving Cell occurring immediately before the measurement gap.

Proposal 2: Starting time of MG which configured with MGTA of 0.5ms starts at 0.5ms before the end of the latest subframe of corresponding serving Cell occurring immediately before the measurement gap.

Proposal 3: Starting time of MG which configured with MGTA of 0.25ms starts at 0.25ms before the end of the latest subframe of corresponding serving Cell occurring immediately before the measurement gap.

Based on the proposals, we provide a related draft CR[3]. 
3 Conclusion
In this paper, we analysed MG starting time based on the agreements in the last RAN4 meeting. Based on the analysis, we provided observation and proposals.

Observation 1: Starting time of MG is aligned with subframe boundary for MGTA = 0ms regardless of SCS 

Proposal 1: Starting time of MG which configured with MGTA of 0ms starts at the end of the latest subframe of corresponding serving Cell occurring immediately before the measurement gap.

Proposal 2: Starting time of MG which configured with MGTA of 0.5ms starts at 0.5ms before the end of the latest subframe of corresponding serving Cell occurring immediately before the measurement gap.

Proposal 3: Starting time of MG which configured with MGTA of 0.25ms starts at 0.25ms before the end of the latest subframe of corresponding serving Cell occurring immediately before the measurement gap.

Based on the proposals, we provide a related draft CR[3]. 
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