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1. Introduction
In last RAN4 meeting, a way forward was approved [1], it is include agreements as:
· Definition

· 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. 

· Measurement GAP configuration

· For synchronised scenario

· Existing GAP configuration can be reused, i.e. common GAP and 6 ms MGL on both MCG and SCG

· For unsynchronised scenario

· FFS

And way forward as :

· Companies are encouraged to investigate the followings until RAN4 #72

· Requirements for both synchronised scenario and unsynchronised scenario

· What is difference between synchronised scenario and unsynchronised scenario

· RF, RRM core requirement, and implementation aspects should be taken into account

· How much impact on core requirements and implementation is expected due to such the difference

· Based on above investigation, RAN4 will decide how to define the DC capability in RAN4 #72 and send LS to RAN2 to inform RAN4 agreement on the DC capability. 

This document will discuss the UE capability for dual connectivity and give our understanding.
2. Discussion
From the above agreements, synchronized or unsynchronized scenario is defined from UE’s point of view. Whether synchronized or not is depend on transmit timing difference and the propagation delay difference to UE between MeNB and SeNB. 
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.
For unsynchronized scenario in dual connectivity, the subframe boundary timing difference between PCell and pSCell at the UE is up to 500μs. This will reduce the measurement gap up to 500μs as shown in figure 1. The current UE behaviour on measurement gap specified in specification should not be applied.
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Figure 1.
The measurement gap length in unsynchronized scenario
Currently, the details for measurement gap configuration of dual connectivity have not been agreed. To decide UE behaviours on measurement gap for dual connectivity, it is assumed that PCell configures the measurement gap and tells SeNB the configuration. SeNB will not schedule UE receiving or transmitting data on subframes overlapped with the measurement gap according to SFN difference between MeNB and SeNB. Though the UE has two independent receivers to support unsynchronized dual connectivity, it is assumed all two receivers will not expect receiving data during measurement gap due to network doesn’t know UE using which receiver to do inter frequency or inter RAT measurement.
When the signal of pSCell lags than signal of PCell as shown in Figure 1, the actual measurement time is during subframe 1~6 of pSCell.
If using PCell receiver to do measurement, then UE can’t receive and transmit data on the subframe 1~7 of PCell, and can’t transmit date on subframe 1~7 of pSCell.
If using pSCell receiver to measure, UE can’t receive data on the subframe 1~6 of pSCell, and can’t transmit date on subframe 1~7 of PCell and pSCell. The measurement gap may be impacted also by UE transmission on subframe 8 of PCell due to the maximum timing advance can as large as 666.67μs (100km). If in the meantime the signal of pSCell is lag than signal of PCell to a large value as shown in Figure 2.

[image: image2.emf]PCell

pSCell, 

UE

↓↑0 1 4 2 3 5 6 ↓↑7

↓↑0 3 1 2 4 5 6 ↓↑7

>333us

↓↑8

666us


Figure 2. Example scenario for PCell SF 8 Tx impacts pScell SF 6 Rx

When the signal of Pcell lags than signal of pSCell, it is vice versa.
In conclusion: UE shall not receive and transmit on subframes 1~7 and shall not transmit on subframe 8 on timing advance cell. UE can reuse current behaviour on lag cell.
It is proposed the behaviour defined in clause 8.1.2.1 in specification [3] could be modified as:
If the UE requires measurement gaps to identify and measure inter-frequency and/or inter-RAT cells, in order for the requirements in the following subsections to apply the E-UTRAN must provide a single measurement gap pattern with constant gap duration for concurrent monitoring of all frequency layers and RATs.

During the measurement gaps the UE:

-
shall not transmit any data

 -
is not expected to tune its receiver on any of the E-UTRAN carrier frequencies of PCell and SCell.

In the uplink subframe occurring immediately after the measurement gap,

-
the E-UTRAN FDD UE shall not transmit any data

-
the E-UTRAN TDD UE shall not transmit any data if the subframe occurring immediately before the measurement gap is a downlink subframe. 

-
whether the E-UTRAN TDD UE can transmit data or not is up to the UE implementation if the subframe occurring immediately before the measurement gap is an uplink subframe.

For unsynchronized dual connectivity, additional requirements for the UE on the timing advance cell:
-
shall not transmit any data in the two subframes occurring immediately after the measurement gap.

-
is not expected to tune its receiver in subframe occurring immediately after the measurement gap.
Inter-frequency and inter-RAT measurement requirements within this clause rely on the UE being configured with one measurement gap pattern unless the UE has signaled that it is capable of conducting such measurements without gaps. UEs shall only support those measurement gap patterns listed in Table 8.1.2.1-1 that are relevant to its measurement capabilities.

3. Conclusion
This document discussed UE behaviour on measurement gap in dual connectivity. It is proposed the following content is added in the behaviour defined in clause 8.1.2.1 in specification [3]:
For unsynchronized dual connectivity, additional requirements for the UE on the timing advance cell:

-
shall not transmit any data in the two subframes occurring immediately after the measurement gap.

-
is not expected to tune its receiver in subframe occurring immediately after the measurement gap.
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