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1 Introduction
In RAN4 #71Ad hoc meetings, the measurement gap (MGP) in dual connection (DC) scenarios were discussed [1]~[3]. It was agreed that the legacy measurement pattern can be reused in synchronized case while FFS for unsynchronized cases. It should be noted that there was also some discussion in RAN2 reflector on the RRM measurements in DC. It seems at least the non-scheduling period of SCG in network and UE side et.al. should be discussed and decided in RAN4 to proceed this topic. In this contribution we further discuss the MGP issues in case of synchronized DC case trying to address these issues taking both FDD and TDD deployments into account.
2 Measurement Gap in DC
2.1 Deployment scenarios

Both synchronized and unsnchronized scenarios should be supported for DC operations. Thus the measurement gap requirements in DC should cover both cases. i.e. the following two cases should be supported as per agreed in WF [4].

	· Synchronized scenario means the case where the maximum received subframe boundary timing difference at the UE is up to 33us. 
· Unsynchronised scenario means the case where the maximum received subframe boundary timing difference at the UE is up to 500us.
· If the maximum received subframe boundary timing difference at the UE is less than 33us, it is FFS.


In summary the following four deployment scenarios for DC should be supported when defining the DC RRM requirements:
Case 1: Synchronized FDD

Case 2: Synchronized TDD

Case 3: Unsynchronized FDD

Case 4: Unsynchronized TDD

It should be noted that the synchronized or unsynchronized is from UE receiving time perspective.
Typically there is very good synchronization among the LTE TDD network. If the cell coverage is similar to the requirements defined for CA the maximum received subframe boundary timing difference at the UE will be less than 33us. Thus only case 1,2,and 3 are investigated as follows.
2.2 Discussion
2.2.1  Case 1: Synchronized FDD
In last RAN4 meeting it is agreed that 
	· Measurement GAP configuration
· For synchronised scenario
· If RAN2 agreed the common GAP, then existing GAP configuration can be reused, i.e. common GAP and 6 ms MGL on both MCG and SCG
· For unsynchronised scenario
· FFS


Although it was not formally agreed the majority of the companies in RAN2 tends to support the common Gap should be used for MCG and SCG. Thus it is proposed that 

Proposal 1: The existing GAP configuration can be reused, i.e. common GAP and 6 ms MGL on both MCG and SCG for synchronized FDD
2.2.2  Case 2: Synchronized TDD
Similar to FDD case the existing Gap configuration can be reused.
Proposal 2: The existing GAP configuration can be reused, i.e. common GAP and 6 ms MGL on both MCG and SCG for synchronized TDD
2.2.3  Case 3: Unsynchronized FDD
There are two options for the unsynchronized scenario. 

Option1: The maximum received subframe boundary timing difference at the UE is from 33us to 500us
Option2: The maximum received subframe boundary timing difference at the UE is less than 33us 
For option1, i.e. the maximum received subframe boundary timing difference at the UE is from 33us to 500us. In the following analysis it is assumed that:
· The time difference between MCG and SCG are up to 0.5ms [500us] as indicated in WF.

· One common measurement gap are configured for MCG and SCG.
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Fig.1 Timing reference is MCG
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Fig 2  Timing reference is MCG
Fig.1 and Fig.2 illustrate two cases where the timing of MCG is earlier than SCG in Fig.1 and reversely in Fig.2.  Here we take the maximum time difference between MCG and SCG equals 0.4ms as one example.
For measurement gap it is one operation involving both eNB and UE. It is very important for both nodes to have same understanding on the timing on measurement gap starting and ending timing to coordinate the eNB scheduling and UE RX/TX behaviors. For unsynchronized DC scenario sometimes the timing of MCG is earlier than SCG as shown in Fig.1. Sometimes the timing of SCG is earlier than MCG as in Fig.2. Thus one reference CG should be selected as the reference CG for measurement configuration and UE operations.
For simplicity we propose MCG be the timing reference CG.
Proposal 3: PCell is the reference cell for DC operations for unsynchronized scenarios for FDD and TDD.
The PCell should be also the timing reference for SFN timing offset measurement. This proposal should also be feasible to TDD case.
As illustrated in Fig.1 and Fig.2 at least 6 ms in MCG and 7ms in SCG should be served to guarantee that the minimum MGP duration for both MCG and SCG is 6ms. 
Proposal 4: The non-scheduling period of MCG and SCG in network and UE side is 6ms and 7ms respectively for unsynchronized FDD

Following proposal4 at least 6ms can be guaranteed for both MCG and SCG measurement gap which is similar to R8. Regarding to when the UE starts RF retuning and retune back on MCG and SCG it can be left to UE implementation.

Some notes may be needed in TS 36.133 to clarify that the UE transmission should be avoided during these non-scheduling periods.

One example for the measurement gap operation and scheduling procedure is as follows:

Step1: UE reports the SFN offset information to PCell. By this information the PCell knows the relative timing difference between PCell and pSCell.
Step2: PCell configures the Measurement Gap to the UE similar to R8 and CA cases via RRC.
Step3: According to the UE reported SNF offset and the measurement gap configuration from PCell, the pSCell decides the non-scheduling subframes i.e. avoid the downlink scheduling on subframes overlapping with the measurement GAP in MCG.
Step4: After receiving the measurement gap from PCell UE starts the measurement Gap in MCG and SCG respectively. 
For option2, i.e. if the maximum received subframe boundary timing difference at the UE is less than 33us, the requirements of CA can be reused. Then it is expected that the performance should be similar to synchronized cases. i.e. the 
Proposal  5: The existing GAP configuration can be reused, i.e. common GAP and 6 ms MGL on both MCG and SCG for unsynchronized FDD when the maximum received subframe boundary timing difference at the UE is less than 33us
3 Conclusions.
The paper discussed the measurement gap issue in DC scenario and it is proposed that
Proposal 1: The existing GAP configuration can be reused, i.e. common GAP and 6 ms MGL on both MCG and SCG for synchronized FDD.
Proposal 2: The existing GAP configuration can be reused, i.e. common GAP and 6 ms MGL on both MCG and SCG for synchronized TDD.
Proposal 3: PCell is the reference CG for DC operations for unsynchronized scenarios for FDD and TDD.
Proposal 4: The non-scheduling period of MCG and SCG in network and UE side is 6ms and 7ms respectively for unsynchronized FDD.
Proposal  5: The existing GAP configuration can be reused, i.e. common GAP and 6 ms MGL on both MCG and SCG for unsynchronized FDD when the maximum received subframe boundary timing difference at the UE is less than 33us.
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