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1. [bookmark: OLE_LINK9]Introduction
NR-DC is aimed to be finished in R15 late drop. Six email discussions are arranged after RAN2#103, including the one for measurement configuration ([103#52][NR late drop] MR-DC measurement and gap configuration framework). During the email discussion, we raise the issue of the timing reference for FR2 gap in case there’re both FR2 serving cells on MCG and SCG. In this contribution, we try to give some detail analysis for this issue.
2. Discussion
At RAN2#103, it is agreed that the time reference of FR2 gap is a serving cell on FR2. So a note is added in 38.331 as following
[bookmark: OLE_LINK1]NOTE 1: For gapFR2 configuration, the SFN and subframe of a serving cell on FR2 frequency is used in the gap calculation).
[bookmark: _GoBack]In EN-DC, only SN can operate on FR2. Due to the fact that the MRTD (Maximum receive timing difference) between serving cells on FR2 is only 3us, so in EN-DC, the FR2 gap can take any FR2 serving cell on SCG as a timing reference.
However, in NR-DC, both MN and SN may operate on FR2. And there can be the following three cases:
Case1: only MN has serving cells on FR2;
Case2: only SN has serving cells on FR2;
Case3: both MN and SN have serving cells on FR2;
For Case1 or Case2, only one of the nodes has serving cells on FR2, so there’s no ambiguity to determine the timing reference. While for Case3, there are FR2 serving cells both on MCG and SCG, the question is which FR2 serving cell should be chosen as the timing reference for FR2 gap?
It should be noted that to take any serving cell on FR2 frequency as the timing reference for FR2 gap is based on the corresponding agreement from RAN4: 
Agreement
· For Per-UE gap or Per-FR gap for FR2 configured in sync EN-DC and CA scenario,
· Reference time for per-FR gap in FR2 is based on FR2 cell and MRTD for between FR2 CCs in synchronous case is no more than 8us. In this case, no additional slot is needed for interruption.
The rational to take a FR2 serving cell as the reference time for FR2 gap was mainly from the concern of UE RF retuning time [1]. The required switch time for FR2 gap is 0.25ms. So in the case of mixed FR1+FR2 CA scenario, if taking a serving cell on FR1 as the timing reference (e.g. PSCell on FR1), with the MRTD between FR1 and FR2 as large as 33us, the time left for RF re-retuning is only 217us, which is believed margin for the UE. 
RAN4 has not discussed NR-DC up to now yet. It is unclear how much is the MRTD for intra-band synchronous NR-DC, inter-band synchronous NR-DC and inter-band asynchronous NR-DC. However, it can been seen from Annex that for inter-band EN-DC, the MRTD is 33us or larger for synchronous and asynchronous cases. If the MRTD for inter-band NR-DC on FR2 is large, e.g., 33us, then the similar issue for RF-retuning time or switch time also exists. So LS should be sent to RAN4 to consult which serving cell should be chosen as the timing reference for FR2 gap in case there are FR2 serving cells both on MCG and SCG.
Proposal 1: Send LS to RAN4 to ask in case there are FR2 serving cells both on MCG and SCG in NR-DC, which cell should be chosen as the timing reference for FR2 gap.
3. Conclusion and proposals
In this contribution, we give some analysis for issue of the timing reference for FR2 gap in case there’re both FR2 serving cells on MCG and SCG.
Proposal 1: Send LS to RAN4 to ask in case there are FR2 serving cells both on MCG and SCG in NR-DC, which cell should be chosen as the timing reference for FR2 gap.
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[bookmark: _Toc500509904][bookmark: _Toc518764111][bookmark: _Toc523909227]7.6.2	Minimum Requirements for inter-band EN-DC
The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from E-UTRA PCell and slot timing of signal from PSCell at the UE receiver as shown in Table 7.6.2-1. The requirements for asynchronous EN-DC are applicable for E-UTRA TDD- NR TDD, E-UTRA FDD- NR FDD, E-UTRA FDD- NR TDD and E-UTRA TDD- NR FDD inter-band EN-DC.
Table 7.6.2-1 Maximum receive timing difference requirement for asynchronous EN-DC 
	Sub-carrier spacing in E-UTRA PCell (kHz)
	DL Sub-carrier spacing  in 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}. 
Note2 :     For E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band EN-DC, 120kHz is not applied.



The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from E-UTRA PCell and slot timing of signal from PSCell at the UE receiver as shown in Table 7.6.2-2 provided that the UE indicates that it is capable of synchronous EN-DC[16]. The requirements for synchronous EN-DC are applicable for E-UTRA TDD- NR TDD, E-UTRA TDD- NR FDD and E-UTRA FDD- NR TDD inter-band EN-DC.
Table 7.6.2-2 Maximum receive timing difference requirement for inter-band synchronous EN-DC 
	Sub-carrier spacing in E-UTRA PCell (kHz)
	DL Sub-carrier spacing in PSCell (kHz)Note1
	Maximum receive timing difference (µs)

	15
	15
	
33

	15
	30
	

	15
	60
	

	15
	120
	

	Note1:	DL Sub-carrier spacing is min{SCSSS, SCSDATA}.
Note2:      For E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band EN-DC, 120kHz is not applied.



[bookmark: _Toc518764112][bookmark: _Toc523909228]7.6.3	Minimum Requirements for intra-band EN-DC
For intra-band EN-DC, only collocated deployment is applied.
The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from E-UTRA PCell and slot timing of signal from PSCell as shown in Table 7.6.2-1 provided the UE indicates that it is capable of asynchronous EN-DC [16]. The requirements for asynchronous EN-DC are applicable for E-UTRA FDD- NR FDD and E-UTRA TDD- NR TDD intra-band EN-DC.  
The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from E-UTRA PCell and slot timing of signal from PSCell as shown in Table 7.6.3-1 provided the UE indicates that it is only capable of synchronous EN-DC [16]. The requirements for synchronous EN-DC are applicable for E-UTRA TDD- NR TDD and E-UTRA FDD- NR FDD intra-band EN-DC.
Table 7.6.3-1 Maximum receive timing difference requirement for intra-band synchronous EN-DC 
	Sub-carrier spacing in E-UTRA PCell (kHz)
	DL Sub-carrier spacing in 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}.





