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1 Introduction
In last RAN4#88 meeting, UE behavior before or after measurement gap was discussed and there were some agreements. For more clarification, related one WF was made [1]. In this paper, we would like to discuss it 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 UE behavior before/after MG further. For it, we proposed the definition of starting point of MG in [3] as follows.

	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.


2.1 UE behavior before/after MG

UE behavior can be separated into 4 scenarios as Figure2-1.
· 1st scenario : UE behavior on corresponding Cell during MG 

· 2nd  scenario : UE behavior on corresponding Cell after/before MG

· 3rd  scenario : UE behavior on other serving cells than corresponding Cell during MG

· 4th scenario : UE behavior on other serving cells than corresponding Cell after/before MG
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Figure 2-1: UE behaviour scenarios

In Figure2-1, we assume that f1 cell and f3 cell are serving cells and  MG is performed at f1 cell to perform measurement of f2 cell. 
According to current NR specification, the requirement of UE behavior for 1st , 3rd and 4th scenarios are specified. However UE behavior for 2nd scenario is not specified for NR. For LTE, all 4 scenarios are specified. Therefore, the requirement of UE behavior for 2nd scenario should be specified.

Proposal 1: Specify the requirement for UE behavior on corresponding Cell after/before MG.

For detail, 1st scenario is already specified as follows.

	During the per-UE measurement gaps the UE:

-
is not required to conduct reception/transmission from/to the corresponding E-UTRAN PCell, E-UTRAN SCell(s) and NR serving cells for NSA except the reception of signals used for RRM measurement

-
is not required to conduct reception/transimssion from/to the corresponding NR serving cells for SA except the reception of signals used for RRM measurement

During the per-FR measurement gaps the UE:

-
is not required to conduct reception/transmission from/to the corresponding E-UTRAN PCell, E-UTRAN SCell(s) and NR serving cells in the corresponding frequency range for NSA except the reception of signals used for RRM measurement
-
is not required to conduct reception/transmission from/to the corresponding NR serving cells in the corresponding frequency range for SA except the reception of signals used for RRM measurement


3rd and 4th scenarios are also already specified with requirement of interruption due to MG as follows. Here, interrupted serving cells are victim cells due to MG other than MG corresponding Cell as seen in Figure2-1.
	For E-UTRA-NR dual connectivity, 

-    if UE is not capable of per-FR-gap, total interruption time on SCG during MGL is defined only when MGL(N) = 6ms, 4ms and 3ms. 

-    if UE is capable of per-FR-gap, 
· total interruption time on FR1 serving cells in SCG during MGL is defined only when MGL(N) = 6ms, 4ms and 3ms, and 

· total interruption time on FR2 serving cells in SCG during MGL is defined only when MGL(N) = 5.5ms, 3.5ms and 1.5ms, given that the reference time for per-FR gap in FR2 is based on an FR2 serving cell.  
For NR standalone, 
-    if UE is not capable of per-FR-gap,
·  total interruption time on a serving cell during MGL is defined only when MGL(N) = 6ms, 4ms and 3ms. 
-    if UE is capable of per-FR-gap, 
· total interruption time on FR1 serving cells during MGL is defined only when MGL(N) = 6ms, 4ms and 3ms, and 

· total interruption time on FR2 serving cells during MGL is defined only when MGL(N) = 5.5ms, 3.5ms and 1.5ms, given that the reference time for per-FR gap in FR2 is based on an FR2 serving cell. 




For the requirement of UE behavior for 2nd scenario, starting point is from the agreements in the last RAN4#88 meeting and the starting point of MG should be considered.
· For UE behavior before or after MG in NR TDD
We consider 4 different slot formats such as all DL, all UL, DL-F-UL, DL-F-UL-DL as follows.
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For MGTA of 0ms, if MG starting time is based on DL timing, 
UE behavior before or after MG can be seen as Figure 2-2. Herein, DL timing based MG can be applied for the case that the last symbol in the slot before MG is DL symbol. Therefore, 2 different slot formats (all DL, DL-F-UL-DL) can be considered for DL timing based MG. 
Here, starting time of MG starts at the end of the latest subframe of corresponding serving Cell occurring immediately before the measurement gap.
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Figure 2-2: UE behaviour before or after DL time based MG for MGTA of 0ms in NR TDD
From the figure 2-2, we can observe the followings.

· When MG starting time is based on DL timing and MGTA is configured with 0ms for NR TDD, in all SCS cases, 
· UE does not expect to transmit or receive data during MG
· UE transmits or receives data in the slot occurring immediately before MG

· UE transmits data in the slot occurring immediately after MG if first symbol in the slot is not UL symbol
· UE does not transmit data in the slot occurring immediately after MG if first symbol in the slot is UL symbol

· UE receives data in the slot occurring immediately after MG

For MGTA of 0ms, if MG starting time is based on UL timing with considering NTA+NTAoffset , 
UE behavior before or after MG can be seen as Figure 2-3. Herein, UL timing based MG can be applied for the case that the last symbol in the slot before MG is UL symbol. Therefore, 2 different slot formats (all UL, DL-F-UL) can be considered for UL timing based MG. 
Here, starting time of MG starts at NTA+NTAoffset before the end of the latest subframe of corresponding serving Cell occurring immediately before the measurement gap.
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Figure 2-3: UE behaviour before or after UL time based MG for MGTA of 0ms in NR TDD
From the figure 2-3, we can observe the followings.

· When MG starting time is based on UL timing and MGTA is configured with 0ms for NR TDD, in all SCS cases, 
· UE does not expect to transmit or receive data during MG before applying NTA+NTAoffset
· UE transmits or receives data in the slot occurring immediately before MG

· UE transmits or receives data in the slot occurring immediately after MG
For MGTA of 0.5ms or 0.25ms, if MG starting time is based on DL timing, 

UE behavior before or after MG can be seen as Figure 2-4. Herein, DL timing based MG can be applied for the case that the last symbol in the slot before MG is DL symbol. Therefore, 2 different slot formats (all DL, DL-F-UL-DL) can be considered for DL timing based MG. 

Here, starting time of MG starts at MGTA(0.5ms or 0.25ms) before the end of the latest subframe of corresponding serving Cell occurring immediately before the measurement gap.
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(a) Before MG                                                   (b) After MG
Figure 2-4: UE behaviour before or after DL time based MG for MGTA of 0.5ms or 0.25ms in NR TDD
From the figure 2-4, we can observe the followings.

· When MG starting time is based on DL timing and MGTA is configured with 0.5ms or 0.25ms for NR TDD
· In cases of SCS of 30kHz, 60kHz and 120kHz

· UE does not expect to transmit or receive data during MG after applying MGTA of 0.5ms or 0.25ms
· UE transmits or receives data in the slot occurring immediately before MG starting time

· UE transmits or receives data in the slot occurring immediately after MG ending time

· In case of SCS of 15kHz

· UE does not expect to transmit or receive data in the slots overlapped fully or partially with MG after applying MGTA of 0.5ms or 0.25ms

· UE does not transmit or receive data in the slot occurring immediately before MG starting time

· UE transmits or receives data in the slot occurring immediately after MG ending time

For MGTA of 0.5ms or 0.25ms, if MG starting time is based on DL timing with considering NTA+NTAoffset , 

UE behavior before or after MG can be seen as Figure 2-5. Herein, UL timing based MG can be applied for the case that the last symbol in the slot before MG is UL symbol. Therefore, 2 different slot formats (all UL, DL-F-UL) can be considered for UL timing based MG. 

Here, starting time of MG starts at MGTA + (NTA+NTAoffset ) before the end of the latest subframe of corresponding serving Cell occurring immediately before the measurement gap.
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Figure 2-5: UE behaviour before or after UL time based MG for MGTA of 0.5ms or 0.25ms in NR TDD
From the figure 2-5, we can observe the followings.

· When MG starting time is based on UL timing and MGTA is configured with 0.5ms or 0.25ms for NR TDD
· In cases of SCS of 30kHz, 60kHz and 120kHz

· UE does not expect to transmit or receive data during MG after applying MGTA of 0.5ms or 0.25ms

· UE transmits data in the slot occurring immediately before MG starting time if last UL symbol in the slot is not overlapped with the MG

· UE receives data in the slot occurring immediately before MG starting time if last DL symbol in the slot is not overlapped with the MG

· UE transmits or receives data in the slot occurring immediately after MG ending time

· In case of SCS of 15kHz

· UE does not expect to transmit or receive data in the slots overlapped fully or partially with MG after applying MGTA of 0.5ms or 0.25ms

· UE does not transmit or receive data in the slot occurring immediately before MG starting time

· UE transmits or receives data in the slot occurring immediately after MG ending time

· For UE behavior before or after MG in NR FDD

MG starting time is always based on DL timing in NR FDD.

For MGTA of 0ms, if MG starting time is based on DL timing, 

UE behavior before or after MG can be seen as Figure 2-6. Here, starting time of MG starts at the end of the latest DL subframe of corresponding serving Cell occurring immediately before the measurement gap.
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Figure 2-6: UE behaviour before or after DL time based MG for MGTA of 0ms in NR FDD

From the figure 2-6, we can observe the followings.

· When MG starting time is based on DL timing and MGTA is configured with 0ms for NR FDD, in all SCS cases, 

· UE does not expect to transmit or receive data during MG

· UE transmits or receives data in the slot occurring immediately before MG

· UE does not transmit data in the slot occurring immediately after MG 

· UE receives data in the slot occurring immediately after MG
For MGTA of 0.5ms, if MG starting time is based on DL timing, 

UE behavior before or after MG can be seen as Figure 2-7. Here, starting time of MG starts at MGTA(0.5ms) before the end of the latest DL subframe of corresponding serving Cell occurring immediately before the measurement gap.
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Figure 2-7: UE behaviour before or after DL time based MG for MGTA of 0.5ms in NR FDD

From the figure 2-7, we can observe the followings.

· When MG starting time is based on DL timing and MGTA is configured with 0.5ms for NR FDD

· In cases of SCS of 30kHz and 60kHz

· UE does not expect to transmit or receive data during MG after applying MGTA of 0.5ms

· UE transmits or receives data in the slot occurring immediately before MG starting time

· UE does not transmit data in the slot occurring immediately after MG 

· UE receives data in the slot occurring immediately after MG

· In case of SCS of 15kHz

· UE does not expect to transmit or receive data in the slots overlapped fully or partially with MG after applying MGTA of 0.5ms

· UE does not transmit or receive data in the slot occurring immediately before MG starting time

· UE transmits or receives data in the slot occurring immediately after MG ending time

Based on the observations for NR-TDD and NR-FDD, we propose as follows.
Proposal 2: Specify the requirement for UE behavior after/before MG with following sentences.

	In the slot occurring immediately before the measurement gap, if measurement gap timing advance is configured with 0ms then:
-
the UE shall transmit data or

-    the UE is required to conduct reception of data 

In the slot occurring immediately after the measurement gap, if measurement gap timing advance is configured with 0ms :
-   if the following condition is met then the UE shall transmit data:

-
first symbol in the slot is DL symbol for NR-TDD 

-   if the following condition is met it is up to UE implementation whether or not the UE can transmit:

-
first symbol in the slot is UL symbol for NR-TDD

-   otherwise the UE shall not transmit any data

-   the UE is required to conduct reception of data
In the slot occurring immediately before the measurement gap, if measurement gap timing advance is configured with 0.5ms or 0.25ms then:
-
if the following condition is met then the UE shall transmit data:

-
for NR-TDD:

- SCS of 30kHz, 60kHz and 120kHz  

- last UL symbol in the slot is not overlapped with the MG
- for NR-FDD:

- SCS of 30kHz and 60kHz  

-   otherwise the UE shall not transmit data

-  if the following condition is met then the UE is required to conduct reception of data:

-
for NR-TDD:

- SCS of 30kHz, 60kHz and 120kHz  

- last DL symbol in the slot is not overlapped with the MG
- for NR-FDD:

- SCS of 30kHz and 60kHz  

-   otherwise the UE is not required to conduct reception of data
In the slot occurring immediately after the measurement gap, if measurement gap timing advance is configured with 0.5ms or 0.25ms then:
-
if the following condition is met then the UE shall transmit data:

-
for NR-TDD or

- for NR-FDD with SCS of 15kHz

-   otherwise the UE shall not transmit any data

-   the UE is required to conduct reception of data


Based on the proposals, we provide a related draft CR[4]. 
3 Conclusion
In this paper, we analysed UE behaviour in the slot immediately before/after measurement gap for NR based on the agreements in the last RAN4 meeting. Based on the analysis, we provided proposals.

Proposal 1: Specify the requirement for UE behavior on corresponding Cell after/before MG.

Proposal 2: Specify the requirement for UE behavior after/before MG with following sentences.

	In the slot occurring immediately before the measurement gap, if measurement gap timing advance is configured with 0ms then:
-
the UE shall transmit data or

-    the UE is required to conduct reception of data 

In the slot occurring immediately after the measurement gap, if measurement gap timing advance is configured with 0ms :
-   if the following condition is met then the UE shall transmit data:

-
first symbol in the slot is DL symbol for NR-TDD 

-   if the following condition is met it is up to UE implementation whether or not the UE can transmit:

-
first symbol in the slot is UL symbol for NR-TDD

-   otherwise the UE shall not transmit any data

-   the UE is required to conduct reception of data
In the slot occurring immediately before the measurement gap, if measurement gap timing advance is configured with 0.5ms or 0.25ms then:
-
if the following condition is met then the UE shall transmit data:

-
for NR-TDD:

- SCS of 30kHz, 60kHz and 120kHz  

- last UL symbol in the slot is not overlapped with the MG
- for NR-FDD:

- SCS of 30kHz and 60kHz  

-   otherwise the UE shall not transmit data

-  if the following condition is met then the UE is required to conduct reception of data:

-
for NR-TDD:

- SCS of 30kHz, 60kHz and 120kHz  

- last DL symbol in the slot is not overlapped with the MG
- for NR-FDD:

- SCS of 30kHz and 60kHz  

-   otherwise the UE is not required to conduct reception of data
In the slot occurring immediately after the measurement gap, if measurement gap timing advance is configured with 0.5ms or 0.25ms then:
-
if the following condition is met then the UE shall transmit data:

-
for NR-TDD or

- for NR-FDD with SCS of 15kHz

-   otherwise the UE shall not transmit any data

-   the UE is required to conduct reception of data


Reference
[1] R4-1811869, “Way forward on UE behaviour before or after measurement gap”, ZTE
[2] R4-1810220, “Discussion on UE behavior in the slot immediately before/after measurement gap”, LG Electronics
[3] R4-1812429, ” Discussion on UE measurement gap starting time”, LG Electronics
[4] R4-1812432, ” draft CR on UE behavior in the slot immediately before/after measurement gap”, LG Electronics
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