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1. Introduction
In last RAN4 meeting, some documents discussed UE behaviours on measurement gap for DC [1] ~ [4]. RAN2 had sent an LS [5] to RAN4, it said about measurement gap:

Regarding measurement gap for DC, RAN2 agreed that:

· Choose common gap for the MeNB and the SeNB as gap mechanism for DC, i.e.;

· There is only a single measurement gap configuration for the UE in RRC which is controlled by the MeNB;
· Timing of the gap (SFN and subframe boundary) refers to the timing of MeNB, i.e. UE uses PCell’s SFN and subframe number to determine the first subframe of the measurement gap

· UE determines the starting point of the measurement gap based on the subframe boundaries of the MCG serving cells;

· Regarding UE measurement gap capability, stick to current CA mechanism, the UE reports measurement gap capability per band/band combination;
· MeNB informs SeNB of the UE’s measurement gap configuration;
· RAN2 assumes that an extension of the measurement gap for the SeNB is needed (at least for the asynchronous case);

· RAN2 assumes network based determination of the timing offset between MeNB and SeNB as indicated by RAN3.
RAN2 would like to ask RAN4:

Question 3: What is the exact value on the extension of the measurement gap?
This document will further discuss this issue and give our proposals.
2. Discussion
Base on RAN2 LS, the measurement gap is configured and informed to SeNB by PCell. SeNB will not schedule UE receiving or transmitting data on subframes overlapped with the measurement gap according to timing offset between MeNB and SeNB.

From RAN4 agreements, synchronized or unsynchronized scenario is defined from UE’s point of view. The synchronized DC is defined as the timing difference between received PCell’s signal and pSCell’s signal is less than 33μs. For synchronised scenario, it is agreed that existing GAP configuration can be reused, i.e. common GAP and 6 ms MGL on both MCG and SCG. The application for current UE behaviours on measurement gap should be considered. The UE behaviours on measurement gap were discussed for multiple TAG scenarios [2]. For synchronized scenario in dual connectivity, the scenario is similar. The current UE behaviours on measurement gap can also be reused.
Observation 1: Current UE behaviours on measurement gap can be reused for MCG.
Observation 2: For synchronized DC, current UE behaviours on measurement gap for CA SCell can be reused for pSCell.
For unsynchronized scenario in dual connectivity, the subframe boundary timing difference between PCell and pSCell at the UE shall be large than 33 and up to 500μs. The scenarios are shown as figure 1. UE will measure inter frequency/RAT cell during measurement gap configured by PCell.
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Figure 1.
The scenarios on measurement gap for unsynchronized DC.
Due to pSCell transmission may interfere inter frequency and/or inter-RAT measurement, and the pSCell receiver may be used to measure inter frequency and/or inter-RAT cells. The UE will not transmit data on subframes and tune receiver of pSCell overlapped with measurement gap. 

For scenario 1 in figure 1, the signal of pSCell lags than signal of PCell.
· UE should not expected to tune its receiver on subframe 0 ~ 6 of pSCell. 

· UE can’t transmit data, 

·    in subframe 0 ~ 6 of pSCell if TA is less than lag time,
·    otherwise, in subframe 1 ~ 7 of pSCell.

For scenario 2 in figure 1, the signal of pSCell leads than signal of PCell.

· UE should not expected to tune its receiver and will not transmit date on subframe 1 ~ 7 of pSCell generally.

· If the lead time of pSCell plus timing advance of pSCell transmission are large than 1ms, then UE cann’t transmit date on subframe 2 ~ 8 of pSCell.

Based on above discussion, for unsynchronized DC, UE behaviour on pSCell on measurement gap may be specified as following options:
Option 1: Specified Simply: “For unsynchronized DC, UE will not transmit data and is not expected to tune its receiver on subframes of pSCell overlapped with measurement gap” is added for specifying UE behaviour on measurement gap.
Option 2: Specified in detail, i.e. for unsynchronized DC,

when the signal of pSCell lags than signal of PCell.

· UE should not expected to tune its receiver on subframe 0 ~ 6 of pSCell. 

· UE can’t transmit data, 

·    in subframe 0 ~ 6 of pSCell if TA is less than lag time,

·    otherwise, in subframe 1 ~ 7 of pSCell.

when the signal of pSCell leads than signal of PCell.

· UE should not expected to tune its receiver and will not transmit date on subframe 1 ~ 7 of pSCell generally.

· If the lead time of pSCell plus timing advance of pSCell transmission are large than 1ms, then UE cann’t transmit date on subframe 2 ~ 8 of pSCell.

Option 3: Specified generally, i.e. for unsynchronized DC, UE should not expected to tune its receiver and will not transmit data on subframe 0 ~ 7 of pSCell. 
For both option1 and 2, the implementation for UE and network is the same. Option 1 is simple to specify, however, the subframes dropped are not specified clearly and the processing for the network is somewhat complex. While for option 2 the subframes dropped are specified clearly, however the ne 
Option 3 is simpler and clearer, both from specification and implementation point of view. However, the overhead is the more than previous options and would drop some subframes unnecessary.
These options specify UE behaviours on measurement gap from UE’s point of view. Timing difference between PCell and pSCell observed from UE is different with that observed from eNB. For unsynchronized DC, the subframe 0 of pSCell in figure 1 may be set subframe 1 by network. The network can not clearly know what subframes will be dropped by UE unless UE report the timing difference between PCell and pSCell. We prefer option 1 or option 3, and not requiring UE report the timing different between PCell and pSCell. For SeNB, how to schedule subframes for UE inter frequency measurement will be SeNB implementation. 
3. Conclusion
This document discussed UE behaviour on measurement gap in dual connectivity, giving following observation and options:
Observation 1: Current UE behaviours on measurement gap can be reused for MCG.
Observation 2: For synchronized DC, current UE behaviours on measurement gap for CA SCell can be reused for pSCell.

For specifying UE behaviour on pSCell on measurement gap in unsynchronized DC case, three options are presented. Option 1 and option 3 are slightly preferred.
Option 1: “For unsynchronized DC, UE will not transmit data and is not expected to tune its receiver on subframes of pSCell overlapped with measurement gap” is added for specifying UE behaviour on measurement gap.

Option 2: Specified in detail, i.e. for unsynchronized DC,

when the signal of pSCell lags than signal of PCell.

· UE should not expected to tune its receiver on subframe 0 ~ 6 of pSCell. 

· UE can’t transmit data, 

·    in subframe 0 ~ 6 of pSCell if TA is less than lag time,

·    otherwise, in subframe 1 ~ 7 of pSCell.

when the signal of pSCell leads than signal of PCell.

· UE should not expected to tune its receiver and will not transmit date on subframe 1 ~ 7 of pSCell generally.

· If the lead time of pSCell plus timing advance of pSCell transmission are large than 1ms, then UE cann’t transmit date on subframe 2 ~ 8 of pSCell.

Option 3: Specified generally, i.e. for unsynchronized DC, UE should not expected to tune its receiver and will not transmit data on subframe 0 ~ 7 of pSCell.
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