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1 Introduction
In this contribution, we discuss total interruption time due to measurement gap and provide our view how to specify the related requirements in TS38.133.
2 Discussion 
In last RAN4 meeting, multiple MGLs were agreed in WF[1]. And the definition of synchronous and asynchronous E-UTRA-NR DC was also agreed in WF[2]. For convenience, related agreement in the WF[1]  is captured as below.
	· Agreement on MGL

· For UE supports single and per UE gap, three MGL are introduced, 6ms, [4]ms and 3ms

· For UE support independent gap for FR1/2, the following MGL are introduced

· FR1 measurement objects: 6ms, [4]ms and 3ms

· FR2 measurement objects: 

· With FR1/LTE serving cell only: 6ms, [4]ms and 3ms

· With FR2 serving cell: 

· If identical gap is configured for both FR1 and FR2: 6ms, [4]ms, 3ms, 

· If independent gap is configured for FR1 and FR2:[1+x] ms, [2.25+x] ms, [5+x]ms

· Note: x is defined based on RF switching time and TBD in RAN4#85

· Non-NR-capable UE does not need to support new gap other than 3ms or 6ms


According to the WF[2], maximum receive timing difference(MRTD) was differently decided depending on DL subcarrier spacing(SCS) for asynchronous E-UTRA-NR DC. And, according the e-mail approval, when mixed numerology is applied in DL, the SCS isthe minimum SCS between SCS of SSB and SCS of Data as Table 2.1.
Table2.1 Maximum receive timing difference requirement for asynchronous operation
	Sub-carrier spacing in LTE PCell (kHz)
	DL Sub-carrier spacing  in NR PSCell (kHz)Note1
	Maximum receive timing difference (µs)

	15
	15
	500

	15
	30
	250

	15
	60
	125

	15
	120
	62.5

	Note1 :     DL Sub-carrier spacing is min{SCSSS, SCSDATA}. And for intra-band FDD-FDD LTE-NR dual connectivity, 120kHz is not applied.


For synchronous E-UTRA-NR DC(TDD-TDD), only collocation scenario was agreed but MRTD value was not decided.  For the MRTD, we propose same value of [3]us for different SCS as Table2.2 in the contribution [3].
Table2.2 Maximum receive timing difference requirement for synchronous operation
	Sub-carrier spacing in LTE PCell (kHz)
	DL Sub-carrier spacing in NR PSCell (kHz)Note1
	Maximum receive timing difference (µs)

	15
	15
	[3]

	15
	30
	[3]

	15
	60
	[3]

	Note1 : DL Sub-carrier spacing is min{SCSSS, SCSDATA}.


Based on the MRTD, the total interruption time needs to be specified separately for asynchronous EN-DC and synchronous EN-DC like LTE. 
In E-UTRA DC case, the total interruption time on SCG was specified with the number of subframe. However, in EN-DC case, the number of slot should be considered for the total interruption time on SCG since slot is basic unit  in NR. Table2.3 shows the number of slot during 1ms(one subframe in LTE)  depending on NR SCS. 
Table2.3 Number of slot in 1ms & CP length
	Sub-carrier spacing  in NR PSCell (kHz)
	Number of slot during 1ms
	CP length(µs)

	15
	1
	4.69

	30
	2
	2.35

	60
	4
	1.17

	120
	8
	0.59


The table2.3 also shows the CP length corresponding to each SCS. 

For evaluating the total interruption time on SCG, the CP length should be compared with MRTD. Figure2.1 shows one example of the total interruption time on SCG for multiple numerologies in synchronous EN-DC case during MGL. 
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Figure2.1 Total interruption time on SCG for multiple numerologies in synchronous EN DC
For integer MGL, as seen in figrue2.1, if MGL is configured with integer number of N, the total interruption time on SCG can be addressed depending on SCS as follows.  Here, MGL(N) was  6ms, [4]ms and 3ms.
· For synchronous EN DC case(TDD-TDD intra-band LTE-NR), total interruption time on SCG during MGL =  N(integer) 
· N slots,
 for NR SCS = 15KHz
· 2N+1 slots,  for NR SCS = 30kHz

· 4N+1 slots,  for NR SCS = 60kHz

In asynchronous EN DC case, MRTD is always larger than CP length from table2.1 and table 2.3. Therefore, total interruption time on SCG is as follows.
· For asynchronous EN DC case, total interruption time on SCG during MGL =  N(integer) 

· N+1 slots,
 for NR SCS = 15KHz
· 2N+1 slots,
 for NR SCS = 30kHz

· 4N+1 slots,
 for NR SCS = 60kHz

· 8N+1 slots,
 for NR SCS = 120kHz
For non-integer MGL, RAN4 agreed the non-integer MGL such as [5+x]ms, [2.25+x]ms and [1+x]ms only when FR2 is serving cell and FR2 is measurement object. The non-integer MGL is configured from serving SCG. It means that the related interruption on SCS does not happen. By the reason, the total interruption time due to non-integer MGL is out of scope in EN-DC case. 
From the analysis, the total interruption time on SCG could be summarized as Table2.4 for EN-DC case. 
Table2.4 Total interruption time on SCG during MGL for EN-DC case
	Total interruption time on SCG during MGL(slot)

	Sub-carrier spacing  in NR PSCell (kHz)
	MGL(ms)

	
	Synchronous EN-DC
	Asynchronous EN-DC

	
	6
	[4]
	3
	[5+x]
	[2.25+x]
	[1+x]
	6
	[4]
	3
	[5+x]
	[2.25+x]
	[1+x]

	15
	6
	4
	3
	N/A
	N/A
	N/A
	7
	5
	4
	N/A
	N/A
	N/A

	30
	13
	9
	7
	N/A
	N/A
	N/A
	13
	9
	7
	N/A
	N/A
	N/A

	60
	25
	17
	13
	N/A
	N/A
	N/A
	25
	17
	13
	N/A
	N/A
	N/A

	120
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	49
	33
	25
	N/A
	N/A
	N/A


As a result, we propose as follows.

Proposal 1: The requirement of total interruption time on SCG during MGL should be specified in TS38.133 for Rel-15 EN-DC.

Proposal 2: For proposal1, Table2.4 is proposed. 
Based on the proposals, we provide one TP[4] to specific the requirement of total interruption time on SCG during MGL for Rel-15 EN-DC.
3 Conclusion
In this paper, we analysed the total interruption time on SCG during MGL for Rel-15 EN DC based on the agreed WFs[1, 2] and specification. Based on the analysis, we proposed as follows.

Proposal 1: The requirement of total interruption time on SCG during MGL should be specified in TS38.133 for Rel-15 EN-DC.

Proposal 2: For proposal1, Table2.4 is proposed. 
Based on the proposals, we provide one TP[4] to specific the requirement of total interruption time on SCG during MGL for Rel-15 EN-DC.
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