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1 Introduction
In this contribution, we discuss interruption on serving cell(s) due to measurement gap and provide our view how to specify the related requirements in TS38.133.
2 Discussion 
In last RAN4 NR-AH1801 meeting, 24 measurement gap patterns and applicability of them were specified. In addition, through e-mail discussion after the meeting, measurement gap offset shift has been more discussed.

For inter-RAT NR measurement or inter-frequency NR measurement or intra-frequency NR measurement which SSB is outside of BWP of serving cell, per-UE measurement gap or per-FR measurement gap is required depending on UE capability. And SMTC is also configured for the measurement.. The measurement gap length(MGL) was defined with 6ms, 4ms, 3ms, 5.5ms, 3.5ms and 1.5ms in RAN4. And SMTC window duration was defined with 1ms, 2ms, 3ms, 4ms and 5ms in RAN1.
In general, MG is expected to be configured to cover SMTC window duration. However, in case that SMTC starting time is aligned with MG starting time, some beginning SSBs could be missed due to RF retuning time such as 0.5ms for FR1 and 0.25ms for FR2. In order to avoid the missed SSB due to RF retuning, longer MGL than SMTC window duration should be configured with at least 1ms earlier MG starting time than SMTC starting time. By the reason, RAN4 discussed the measurement gap offset shift for efficient MG configuration in aspect of serving cell scheduling and made consensus to define signaling to advance MG starting time with MG offset shift of 0.5ms for FR1 and 0.25ms for FR2. Due to the advanced MG starting time of 0.5ms or 0.25ms, interrupted subframe or slot can be different comparing with legacy MG , so it needs to be noticed obviously in RRM specification.
For FR1 example, we assume that MGL = 4ms, MG offset = ‘i’ms, SMTC window duration = 3ms and NW configures same offset for MG and SMTC for NR subcarrier spacing (SCS) of 15kHz, 30kHz and 60kHz as Figure2-1. Here,  RF tuning of 0.5ms  is considered regarding current MG applicability. 
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                                       (a). MG Offset shift  = 0ms                               (b). MG Offset shift  = 0.5ms
 Figure 2-1: Interrupted subframe/slot for FR1 SCS due to MG
From the figure2-1, it is expected that total 4 subframes or slots are interrupted during MGL in case of MG offset shift of 0ms and total 5 subframes or slots are interrupted during MGL in case of MG offset shift of 0.5ms for SCS of 15kHz.  For SCS of 30kHz, total 8 subframes or slots are interrupted during MGL of 4ms in both cases of MG offset shift of 0ms and 0.5ms. For SCS of 60kHz, total 16 subframes or slots are interrupted during MGL of 4ms in both cases of MG offset shift of 0ms and 0.5ms.
For FR2 example, we consider two cases,  first case is that serving cell is FR2 and second case is that serving cell is E-UTRA or FR1. For FR2 serving cell, we assume MGL = 3.5ms, MG offset = ‘i’ms, SMTC window duration = 3ms and RF retuning = 0.25ms. For E-UTRA/FR1 serving cell, we assume that MGL = 4ms, MG offset = ‘i’ms, SMTC window duration = 3ms and RF retuning = 0.5ms. Figure2-2 shows the examples. Here, NW is also assumed to configure same offset for MG and SMTC. 
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(a-1) MG Offset shift = 0ms                                 (a-2) MG Offset shift = 0.25ms
in FR2 serving cell


[image: image3.emf]MGL=4ms

SMTC 

Duration=3ms

MGL=4ms

SMTC 

Duration=3ms

MG Offset = i ‘ms’ MG Offset = i ‘ms’

Interrupted

subframe/slot

Interrupted

subframe/slot

RF tuning = 0.5ms

SCS

4

i

60kHz

(4i,…)

8

i

120kHz

(8i,…)

SCS

4

i

60kHz

(4i,…)

8

i

120kHz

(8i,…)


(b-1) MG Offset shift = 0ms                                  (b-2) MG Offset shift = 0.5ms
in E-UTRA/FR1 serving cell
Figure 2-2: Interrupted subframe/slot for FR2 SCS due to MG
Based on the examples, the total number of interrupted subframe or slot can be summarized generally according to MG offset shift as following tables.

Table 2-1: Total number of interrupted subframe on E-UTRA during MGL
	Serving Cell
	NR SCS (kHz)
	Total number of interrupted subframe (E-UTRA)

	
	
	MG offset shift = 0ms
	MG offset shift = 0.5ms

	
	
	MGL=6ms
	MGL=4ms
	MGL=3ms
	MGL=6ms
	MGL=4ms
	MGL=3ms

	E-UTRA 
	15
	6
	4
	3
	7
	5
	4

	
	30
	6
	4
	3
	7
	5
	4

	
	60
	6
	4
	3
	7
	5
	4

	
	120
	6
	4
	3
	7
	5
	4


Table 2-2: Total number of interrupted slot on NR FR1 during MGL
	Serving Cell
	NR SCS (kHz)
	Total number of interrupted slot (NR(FR1))

	
	
	MG offset shift = 0ms
	MG offset shift = 0.5ms

	
	
	MGL=6ms
	MGL=4ms
	MGL=3ms
	MGL=6ms
	MGL=4ms
	MGL=3ms

	E-UTRA or NR FR1
	15
	6
	4
	3
	7
	5
	4

	
	30
	12
	8
	6
	12
	8
	6

	
	60
	24
	16
	12
	24
	16
	12


Table 2-3: Total number of interrupted slot on NR FR2 during MGL
	Serving Cell
	NR SCS (kHz)
	Total number of interrupted slot (NR(FR2))

	
	
	MG offset shift = 0ms
	MG offset shift = 0.25ms

	E-UTRA or NR FR1
	
	MGL=6ms
	MGL=4ms
	MGL=3ms
	MGL=6ms
	MGL=4ms
	MGL=3ms

	
	60
	24
	16
	12
	24
	16
	12

	
	120
	48
	32
	24
	48
	32
	24

	NR FR2
	
	MGL=5.5ms
	MGL=3.5ms
	MGL=1.5ms
	MGL=5.5ms
	MGL=3.5ms
	MGL=1.5ms

	
	60
	22
	14
	6
	22
	14
	6

	
	120
	44
	28
	12
	44
	28
	12


In table2-1, 2-2 and 2-3, the interrupted staring time and the interrupted ending time depends on practically applied MG with MG offset shift at UE.  
In other words, when MG is configured with MG offset of ‘i’ms and MGL of ‘N’ms,  
as shown in Figure2-1 and Figure2-2,

if MG offset shift is 0ms for MGL(N) of 6ms, 4ms and 3ms, 
interrupted time duration on E-UTRA serving cell is from ‘i+1’  to ‘i+N’ for all NR SCSs and 
interrupted time duration on NR FR1 serving cell is from ‘i+1’  to ‘i+N’ for NR SCS of 15kHz and

interrupted time duration on NR FR1 serving cell is from ‘2(i+1)’  to ‘2(i+N+1)-1’ for NR SCS of 30kHz and

interrupted time duration on NR FR1 serving cell is from ‘4(i+1)’  to ‘4(i+N+1)-1’ for NR SCS of 60kHz and

interrupted time duration on NR FR2 serving cell is from ‘4(i+1)’  to ‘4(i+N+1)-1’ for NR SCS of 60kHz and

interrupted time duration on NR FR2 serving cell is from ‘8(i+1)’  to ‘8(i+N+1)-1’ for NR SCS of 120kHz 
if MG offset shift is 0.5ms for MGL(N) of 6ms, 4ms and 3ms,
interrupted time duration on E-UTRA serving cell is from ‘i’  to ‘i+N’ for all NR SCSs and 
interrupted time duration on NR FR1 serving cell is from ‘i’  to ‘i+N’ for NR SCS of 15kHz and

interrupted time duration on NR FR1 serving cell is from ‘2(i+1)-1’  to ‘2(i+N)’ for NR SCS of 30kHz and

interrupted time duration on NR FR1 serving cell is from ‘4(i+1)-2’  to ‘4(i+N)+1’ for NR SCS of 60kHz and

interrupted time duration on NR FR2 serving cell is from ‘4(i+1)-2’  to ‘4(i+N)+1’ for NR SCS of 60kHz and

interrupted time duration on NR FR2 serving cell is from ‘8(i+1)-4’  to ‘8(i+N)+3’ for NR SCS of 120kHz 
if MG offset shift is 0ms for MGL(N) of 5.5ms, 3.5ms and 1.5ms, 

interrupted time duration on NR FR2 serving cell is from ‘4(i+1)’  to ‘4(i+ceiling(N))+1’ for NR SCS of 60kHz and

interrupted time duration on NR FR2 serving cell is from ‘8(i+1)’  to ‘8(i+ceiling(N))+3’ for NR SCS of 120kHz 

if MG offset shift is 0.25ms for MGL(N) of 5.5ms, 3.5ms and 1.5ms, 

interrupted time duration on NR FR2 serving cell is from ‘4(i+1)-1’  to ‘4(i+ceiling(N))’ for NR SCS of 60kHz and
interrupted time duration on NR FR2 serving cell is from ‘8(i+1)-2’  to ‘8(i+ceiling(N))+1’  for NR SCS of 120kHz. 
During the interrupted time duration, UE is not expected to transmit or receive any data from serving cell. 
For EN-DC case, if UE is not capable of per-FR gap, interruption can occur on SCG in addition to MCG during MGL which is configured from E-UTRA serving cell. It should be identified for synchronous or asynchronous operation regarding MG offset shift together. 

For EN-DC example, we assume that MGL = 4ms, SMTC window duration = 3ms and NW configures same offset for MG and SMTC for NR subcarrier spacing (SCS) of 15kHz, 30kHz, 60kHz and 120kHz . Figure2-3 and Figure2-4 show the examples for synchronous EN-DC and asynchronous EN-DC. Here, RF tuning of 0.5ms  is considered regarding current MG applicability.
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Figure 2-3: Interrupted slot on MCG and SCG during MGL for Synchronous EN-DC
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Figure 2-4: Interrupted slot on MCG and SCG during MGL for Asynchronous EN-DC
Based on the examples, the total interrupted slot on NR SCG can be summarized generally according to MG offset shift as Table2-4 and Table2-5 for synchronous EN-DC and asynchronous EN-DC respectively.

Table 2-4: Total interrupted slot on NR SCG during MGL for Synchronous EN-DC
	Serving Cell
	NR SCS (kHz)
	Total number of interrupted slot on SCG

	
	
	MG offset shift = 0ms
	MG offset shift = 0.5ms

	
	
	MGL=6ms
	MGL=4ms
	MGL=3ms
	MGL=6ms
	MGL=4ms
	MGL=3ms

	E-UTRA 
	15
	6
	4
	3
	7
	5
	4

	
	30
	12
	8
	6
	12
	8
	6

	
	60
	24
	16
	12
	24
	16
	12

	
	120
	48
	32
	24
	48
	32
	24


Table 2-5: Total interrupted slot on NR SCG during MGL for Asynchronous EN-DC
	Serving Cell
	NR SCS (kHz)
	Total number of interrupted slot on SCG

	
	
	MG offset shift = 0ms
	MG offset shift = 0.5ms

	
	
	MGL=6ms
	MGL=4ms
	MGL=3ms
	MGL=6ms
	MGL=4ms
	MGL=3ms

	E-UTRA 
	15
	7
	5
	4
	6
	4
	3

	
	30
	12
	8
	6
	12
	8
	6

	
	60
	24
	16
	12
	24
	16
	12

	
	120
	48
	32
	24
	48
	32
	24


In table2-4 and 2-5, interrupted staring time and interrupted ending time depends on practically applied MG with MG offset shift at UE.  

In other words, when MG is configured with MG offset of ‘i’ms and MGL of ‘N’ms from E-UTRA PCell,

for Synchronous EN-DC, as shown in Figure2-4 
if MG offset shift is 0ms for MGL(N) of 6ms, 4ms and 3ms, 
interrupted time duration on E-UTRA MCG is from ‘i+1’  to ‘i+N’ for all NR SCSs and 
interrupted time duration on NR SCG is from ‘j+1’  to ‘j+N’ for NR SCS of 15kHz and
interrupted time duration on NR SCG is from ‘2(j+1)’ to ‘2(j+N+1)-1’ for NR SCS of 30kHz and

interrupted time duration on NR SCG is from ‘4(j+1)’ to ‘4(j+N+1)-1’ for NR SCS of 60kHz and

interrupted time duration on NR SCG is from ‘8(j+1)’ to ‘8(j+N+1)-1’ for NR SCS of 120kHz and
if the MG offset shift is 0.5ms for MGL(N) of 6ms, 4ms and 3ms, 
interrupted time duration on E-UTRA MCG is from ‘i’ to ‘i+N’ for all NR SCS and
interrupted time duration on NR SCG is from ‘j’ to ‘j+N’ for NR SCS of 15kHz and
interrupted time duration on NR SCG is from ‘2(j+1)-1’ to ‘2(j+N)’ for NR SCS of 30kHz and

interrupted time duration on NR SCG is from ‘4(j+1)-2’ to ‘4(j+N)+1’ for NR SCS of 60kHz and

interrupted time duration on NR SCG is from ‘8(j+1)-4’ to ‘8(j+N)+3’ for NR SCS of 120kHz.
for Asynchronous EN-DC, as shown in Figure2-5, 

if MG offset shift is 0ms for MGL(N) of 6ms, 4ms and 3ms, 

interrupted time duration on E-UTRA MCG is from ‘i+1’  to ‘i+N’ for all NR SCSs and 
interrupted time duration on NR SCG is from ‘j+1’ to ‘j+N+1’ for NR SCS of 15kHz and

interrupted time duration on NR SCG is from ‘2(j+1)+1’ to ‘2(j+N+1)’ for NR SCS of 30kHz and

interrupted time duration on NR SCG is from ‘4(j+1)+2’ to ‘4(j+N+1)+1’ for NR SCS of 60kHz and

interrupted time duration on NR SCG is from ‘8(j+1)+4’ to ‘8(j+N+1)+3’ for NR SCS of 120kHz and

if the MG offset shift is 0.5ms for MGL(N) of 6ms, 4ms and 3ms, 

interrupted time duration on E-UTRA MCG is from ‘i’ to ‘i+N’ for all NR SCS and

interrupted time duration on NR SCG is from ‘j+1’ to ‘j+N’ for NR SCS of 15kHz and

interrupted time duration on NR SCG is from ‘2(j+1)’ to ‘2(j+N+1)-1’ for NR SCS of 30kHz and

interrupted time duration on NR SCG is from ‘4(j+1)’ to ‘4(j+N+1)-1’ for NR SCS of 60kHz and

interrupted time duration on NR SCG is from ‘8(j+1)’ to ‘8(j+N+1)-1’ for NR SCS of 120kHz.

During the interrupted time duration, UE is not expected to transmit or receive any data from serving cell(s) on MCG and SCG. 

Based on the analysis, we propose as follows.
Proposal 1: RAN4 should specify the total interrupted number of  subframe or slot, and corresponding subframe or slot on serving cell(s) regarding MGL and MG offset shift.

Proposal 2: RAN4 should specify the total interrupted number of  slot, and corresponding slot on serving cell(s) in EN-DC regarding MGL and MG offset shift.

Proposal 3: RAN4 should specify that UE is not expected to transmit or receive any data on serving cell(s) at subframe(s) or slot(s) which is overlapped with duration of MGL regarding MG offset shift. 

Based on the proposals, we provide one CR[1] to specific the requirement of total interrupted slot on SCG during MGL regarding MG offset shift for Rel-15 EN-DC.
3 Conclusion
In this paper, we analysed the total interrupted subframe or slot on serving cell(s) including EN-DC regarding MGL and MG offset signalling and proposed as follows.

Proposal 1: RAN4 should specify the total interrupted number of  subframe or slot, and corresponding subframe or slot on serving cell(s) regarding MGL and MG offset shift.

Proposal 2: RAN4 should specify the total interrupted number of  slot, and corresponding slot on serving cell(s) in EN-DC regarding MGL and MG offset shift.

Proposal 3: RAN4 should specify that UE is not expected to transmit or receive any data on serving cell(s) at subframe(s) or slot(s) which is overlapped with duration of MGL regarding MG offset shift. 

Reference
[1] R4-1802425, “ CR on total interruption time on SCG during MGL”, LG Electronics
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