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1. Introduction
In the RAN4#88 meeting, there were discussions on SFTD measurement for NE-DC and NR DC. The agreements were captured in the approved LS [1]. The following requirements are agreed to be introduced in Rel-15.
As NE-DC and NR-NR DC were added as Rel-15 late drop features at RAN#80, RAN4 has now studied SFTD scenarios where the UE is configured with an NR PCell.

RAN4 has concluded that Rel-15 requirements are needed for the following two use cases:

· SFTD between NR PCell and E-UTRA PSCell

· SFTD between NR PCell and NR neighbour cell, before NR PSCell is configured

Due to workload in RAN4 the RRM work on NE-DC and NR DC was postponed until 2019. In this contribution we provide our views on SFTD measurement requirements for NR DC.
2. Discussion

2.1 Synchronous NR-DC
SFTD measurement was introduced for E-UTRA PCell when a NR PSCell is configured. In this case only time difference between E-UTRA PCell and NR PSCell is to be measured. It is still up to RAN2 whether the time difference between E-UTRA PCell and NR neighbor cells is to be measured. Inter-RAT SFTD measurement was also introduced for E-UTRA PCell when no NR PSCell is configured. In this case the time difference between E-UTRA PCell and NR neighbor cell is to be measured. Then NW can get the time difference between E-UTRA PCell and potential candidate NR PSCell. 
For NR-DC it was agreed only synchronous NR DC with FR1 PCell and FR2 PSCell  is supported according to NR WI exception sheet [2].
· NR-NR Dual connectivity aspects
· synchronous mode from physical layer aspects;

· Band combination(s) for FR1 + FR2;

· MCG fully in FR1 and SCG fully in FR2

With synchronous NR-DC operation it was agreed SFTD measurement between NR PCell in FR1 and NR PSCell in FR2 is not required. This requires very tight synchronization between PCell and PSCell, i.e. SFN and frame level synchronization. Usually DC operation doesn’t require synchronization on SFN/frame level. So it would be helpful to reach common understanding in RAN4 whether the synchronous mode of NR-DC means SFN/frame level synchronization.

Observation 1.  Clarification on whether FR1+FR2 NR-DC requires SFN/frame level synchronization is needed. If not needed the SFTD measurement between NR PCell in FR1 and NR PSCell in FR2 is necessary.
2.1 SFTD measurement requirements
It was agreed to specify requirements for SFTD between NR PCell and NR neighbour cell before NR PSCell is configured as captured in the LS. From measurement procedure perspective the inter-frequency SFTD measurement for NR-DC is similar to inter-RAT SFTD measurement for E-UTRA PCell. The inter-frequency SFTD measurement would comprise of cell detection, MIB decoding and time difference calculation. Since before the SFTD measurement is performed UE already has the timing information of NR PCell the processing time for time difference calculation would be negligible. Thus same as inter-RAT SFTD measurement for E-UTRA PCell, the inter-frequency SFTD measurement delay should include cell detection delay and MIB decoding delay.
The timing difference between NR PCell and inter-frequency FR2 neighbour cell is unknown when the SFTD measurement is configured, therefore blind search is needed to search all possible occasions of SMTC window. This is almost the same approach as for inter-RAT SFTD measurement. The inter-RAT SFTD measurement is only applicable for supported EN-DC band combinations. UE will use extra RF chain or retune RF chain to measure inter-RAT NR neighbor cells. Of course there will be interruptions due to turning on/off or retuning RF chains. 
However for NR-DC the inter-frequency SFTD measurement the interruption would be different as it is only applicable to the scenario that FR2 neighbour cell is to be measured when UE is served by FR1 PCell. It was agreed to use per-FR interruption if UE supporting per-FR gap capability.
· Agreement: allow “per-FR interruption”, i.e. interruption due to CA and EN-DC operation is only allowed to the active cells in the same FR as the aggressor cell for UE supporting per-FR gap.
The per-FR interruption should also be applied for inter-frequency SFTD measurement. For UE supporting per-FR gap there should be no interruption due to SFTD measurement on FR2 neighbour cells. For UE not supporting per-FR gap the inter-band interruption requirements for inter-RAT SFTD measurement can be reused.
Proposal 1: per-FR interruption requirements is to be specified for inter-frequency SFTD measurement.

Proposal 2: For UE supporting per-FR gap no interruption is allowed. For UE not supporting per-FR gap the inter-band interruption requirements for inter-RAT SFTD measurement can be reused.

Since there is no signaling indicating the SFTD measurement should be interruption based or gap based in Rel-15, the interruption based SFTD measurement is only applicable when no gap has been configured. UE will blindly search neighbour cells for interruption based SFTD measurement. If gap has been configured, UE will search neighbour cells within the gap. Different measurement delay requirements are specified for interruption based and gap based inter-RAT SFTD measurement. For NR-DC with FR1 PCell and FR2 PSCell, we think similar approach would be used with exceptions depending on whether UE supporting per-FR gap. There are several cases to be considered.
If no gap is configured, interruption based SFTD measurement will be conducted obviously.

If only FR1 per-FR gap is configured for UE supporting per-FR gap, interruption based SFTD measurement will be conducted.
If FR2 per-FR gap is configured for UE supporting per-FR gap, gap based SFTD measurement will be conducted.

If per-UE gap is configured gap based SFTD measurement will be conducted.

Proposal 3: If no gap is configured or only FR1 gap is configured for UE supporting per-FR gap, interruption based inter-frequency SFTD measurement will be conducted. Otherwise gap based inter-frequency SFTD measurement will be conducted.

The measurement delay requirements for interruption based inter-RAT SFTD measurement for NR carrier in FR2 as specified in TS 36.133 are as follows.

-
For SFTD measurements without measurement gaps, and without additional RSRP reporting:

-
For NR carrier in FR2: Tmeasure_SFTD1 = [112] SMTC periods

-
For SFTD measurements without measurement gaps, and with additional RSRP reporting:

-
For NR carrier in FR2: Tmeasure_SFTD1 = [152] SMTC periods

For interruption based inter-frequency SFTD measurement for NR-DC, the measurement delay requirements for inter-RAT FR2 neighbour cells can be reused. No other factors need to be further considered.

Proposal 4: The measurement delay requirements for interruption based inter-frequency SFTD measurement are defined as follows.

-
Without additional RSRP reporting:

-
Tmeasure_SFTD = [112] SMTC periods

-
With additional RSRP reporting:

-
Tmeasure_SFTD = [152] SMTC periods

The measurement delay requirements for gap based inter-RAT SFTD measurement for NR carrier in FR2 as specified in TS 36.133 are as follows.

-
For SFTD measurements in measurement gaps, and without additional RSRP reporting:

-
For NR carrier in FR2: Tmeasure_SFTD1 = [Nfreq × 64 × max(MGRP, SMTC period)]

-
For SFTD measurements in measurement gaps, and with additional RSRP reporting:

-
For NR carrier in FR2: Tmeasure_SFTD1 = [Nfreq × 104 × max(MGRP, SMTC period)]

where Nfreq is the number of carriers monitored in measurement gaps.

The multiple layer measurement delay in LTE are specified with unified requirement that the total delay is scaled by Nfreq which is the number of carriers to be monitored in gaps. But in NR the multiple layer measurement requirements are specified on a per carrier basis. Since NR-DC is belong to SA operation, the same principle should be applied to inter-frequency SFTD measurement either.
The difference between unified requirement and per-carrier based requirement is that the measurement delay will not be scaled by number of carriers, but be scaled by carrier-specific scaling factor (CCSF) as specified in section 9.1.5 instead.
Proposal 5: The measurement delay requirements for inter-frequency SFTD measurement are defined as follows.

-
Without additional RSRP reporting:

-
Tmeasure_SFTD = 64 × max(MGRP, SMTC period) × CCSFinter
-
With additional RSRP reporting:

-
Tmeasure_SFTD = 104 × max(MGRP, SMTC period) × CCSFinter
Where CCSFinter is a carrier specific scaling factor and is determined according to CSSFwithin_gap,i in section 9.1.5.2 for measurement conducted within measurement gaps.
The side condition for inter-RAT SFTD measurement is Ês/Iot ≥ -3 dB for NR neighbour cell. We don’t see any reason to change the side condition, so it can be reused for NR-DC.

Proposal 6: The side condition for inter-frequency SFTD measurement for NR-DC is  Ês/Iot ≥ -3 dB.
The number of cells to be reported, if no explicit cell list is provided, is 3 strongest cells for inter-RAT SFTD measurement. For NR-DC the same requirement can be defined.

Proposal 7: UE is required to report up to 3 strong cells for inter-frequency SFTD measurement for NR-DC.
Interruption requirements can reuse the inter-RAT SFTD interruption requirements. As only FR1+FR2 NR DC is to be specified, inter-band SFTD interruption requirements can be reused for NR-DC inter-frequency SFTD measurement.
Proposal 8: For NR-DC inter-frequency SFTD measurement, reuse inter-band SFTD interruption requirements for inter-RAT SFTD measurement.
3. Conclusion

In this contribution, we further provide our further views on interruption time and UE behavior before and after measurement gap. Based on the observations following proposals are present. 
Observation 1.  Clarification on whether FR1+FR2 NR-DC requires SFN/frame level synchronization is needed. If not needed the SFTD measurement between NR PCell in FR1 and NR PSCell in FR2 is necessary.
Proposal 1: per-FR interruption requirements is to be specified for inter-frequency SFTD measurement.

Proposal 2: For UE supporting per-FR gap no interruption is allowed. For UE not supporting per-FR gap the inter-band interruption requirements for inter-RAT SFTD measurement can be reused.
Proposal 3: If no gap is configured or only FR1 gap is configured for UE supporting per-FR gap, interruption based inter-frequency SFTD measurement will be conducted. Otherwise gap based inter-frequency SFTD measurement will be conducted.

Proposal 4: The measurement delay requirements for interruption based inter-frequency SFTD measurement are defined as follows.

-
Without additional RSRP reporting:

-
Tmeasure_SFTD = [112] SMTC periods

-
With additional RSRP reporting:

-
Tmeasure_SFTD = [152] SMTC periods

Proposal 5: The measurement delay requirements for inter-frequency SFTD measurement are defined as follows.

-
Without additional RSRP reporting:

-
Tmeasure_SFTD = 64 × max(MGRP, SMTC period) × CCSFinter
-
With additional RSRP reporting:

-
Tmeasure_SFTD = 104 × max(MGRP, SMTC period) × CCSFinter
Where CCSFinter is a carrier specific scaling factor and is determined according to CSSFwithin_gap,i in section 9.1.5.2 for measurement conducted within measurement gaps.
Proposal 6: The side condition for inter-frequency SFTD measurement for NR-DC is  Ês/Iot ≥ -3 dB.
Proposal 7: UE is required to report up to 3 strong cells for inter-frequency SFTD measurement for NR-DC.
Proposal 8: For NR-DC inter-frequency SFTD measurement, reuse inter-band SFTD interruption requirements for inter-RAT SFTD measurement.
Companion CRs [3, 4] are also provided to introduce corresponding requirements.
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