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1 
Introduction
In the last RAN4 AH meeting, the impacts of DC on RRM requirements in TS36.133 [1] for Dual Connectivity in LTE were discussed [2], e.g. 

· Section 7.7 SCell activation and deactivation delay for E-UTRA carrier aggregation
· Section 7.8 Interruptions with DC
· Section 8.1. Measurement gap configuration
However, as different operations may behave quite differently depending on UE receive timing difference between MeNB and SeNB (e.g. SFN, subframe boundary), it is better to separate UE capabilities to support synchronized or unsynchronized operations in DC before the discussions on these RRM requirements. 
Therefore in this contribution, we will provide further discussions on the synchronized and unsynchronized UE in DC including:

· Clarifications on the definition of un-synchronized DC

· Impacts of un-synchronized DC from both RRM core requirements and RF implementation perspective. 
2 Definition of unsynchronized DC 

In general UE receive timing difference between MeNB and SeNB can be composed of:

· Propagation delay: the relative propagation delay difference between MeNB and SeNB is less than 30us [3].
· transmit timing misalignment 
· SFN offset
· Subframe boundary misalignment
For synchronized DC, the maximum receive timing difference between signals from MeNB and SeNB is assumed to be “30us propagation delay + 3µs transmit timing misalignment” at the UE [3] .
However, for unsynchronized DC according to RAN2’s agreements [4] MeNB and SeNB are independent and non-ideal backhaul for them. Hence SFN offset from MeNB and SeNB can be arbitrary in range of SFN index (0~1023). Although this SFN offset can be aligned by obtaining the MIBs of MeNB and SeNB, there is still up to 0.5ms subframe boundary misalignment between MeNB and SeNB [7]. 
In Table 1 the key differences between synchronized DC and unsynchronized DC in terms of maximum timing difference of propagation delay, SFN offset, subframe boundary misalignment are given. 

Table1. Maximum UE timing difference in DC
	
	Relative propagation delay
	SFN offset
	Subframe boundary misalignment

	Synchronized
	<30us
	0
	< 33us

	Unsynchronized
	<30us
	<1023 
	< 500us


As stated in [6] if only subframe boundary misalignment specified, it is impossible to classify a scenario as sync or async, when the maximum subframe boundary timing difference at UE is less than 33us. That is, in order to categorize the synchronized and un-synchronized DC clearly, both SFN and subframe boundary timing shall be specified.

Proposal 1: Unsynchronized DC can be defined as: 

· SFN of MeNB and SeNB is different 
· The maximum received subframe boundary timing difference is less than 500us.
3 Impacts on RRM core requirements
In the previous RAN4 meetings, the impacts of DC on RRM requirements in TS36.133 were discussed. It was also realized that these requirements (e.g. PSCell activation time delay requirement in DC) would rely on DC synchronized or un-synchronized operation.
· 7.7 PSCell activation time delay requirements in DC
According to RAN2’s agreements [4] UE is always acquiring MIB on PSCell in order to get the SFN of the SCG and to learn the offset between SFN on MCG and SCG (if any) no matter what synchronized DC and un-synchronized. In the other words, in the overall procedures of PSCell activation SFN of MCG and SCG will be acquired regardless synchronized or un-synchronized DC [5]. Thus PSCell activation time delay requirements in DC shall be impacted for both synchronized and un-synchronized case.  
· 7.8 Interruptions with DC
In synchronized DC scenario, PCell interruption when SCell is added, released, activated or deactivated can be same as these of legacy CA. For example, for the intra-band and inter-band DC with synchronized MeNB and SeNB, the interruption timing requirements are 5ms and 1ms respectively. 
However, in un-synchronized DC due to 0.5ms subframe boundary misalignments between MeNB receiving signal and SeNB receiving signal, such interruption need to be extended by 1 subframe. That is for un-synchronized DC, the interruption timing requirements for inter-band DC and intra-band DC shall be 2ms and 6ms respectively.
· 8.1 General Measurement Requirements

For synchronized DC, the measurement gap configuration in [1] can be unchanged [6]. However for unsynchronized DC, the measurement gap length need to be extended [7]. 

Observation 1:  From RRM perspective, these core requirements in [1] (e.g. the measurement gap length, PSCell activation time delay requirements in DC) will be impacted by the unsynchronized DC definitely.
4 RF implementation

For the RF side it is assumed that DC and CA can be exactly same with the exception that the timing between MeNB and SeNB will be even more unrelated. Therefore there is some common sense in the RAN4 RF session below:

· DC is limited to only inter-band 2UL CA combinations

· No intra-band CA combinations can be used because of the different timing of both cells

· For measurements it is only possible to do them on band combinations that are part of a supported CA combination

Based on these assumptions, the RF architecture in DC shall be similar as that in inter-band CA in Rel12. That is separate RF chains shall be for MeNB and SeNB. Meanwhile regarding to the maximum UE receiving timing difference of synchronized DC and un-synchronized DC are 33us and 500us respectively, the separated RF chains are feasible in both synchronized and un-synchronized cases. 
Observation 2:  From RF perspective, the unsynchronized DC will impact little because of the separate RF chains for MeNB and SeNB.
Therefore in the table below, the impacts of un-synchronized DC on RRM, RF and UE implementation are given.

Table2. Impacts of un-synchronized DC
	
	Un-synchronized

	RRM core requirement: PSCell activation delay 
	High

	RRM core requirement: interruption delay
	High

	RRM core requirement: measurement gap
	High

	RF implementation
	Low


Proposal 2: As un-synchronized DC will impacts on RRM core requirements, it is absolutely necessary to separate UE capabilities to support synchronized or unsynchronized DC.
5 
Conclusion
In this contribution, further considerations on why need to separate UE capability of supporting synchronized and unsynchronized DC from are provided from RRM and RF implementation perspective. The following proposals can be drawn
Proposal 1: Unsynchronized DC can be defined as: 

· SFN of MeNB and SeNB is different 
· The maximum received subframe boundary timing difference is less than 500us.
Proposal 2: As un-synchronized DC will impacts on RRM core requirements, it is absolutely necessary to separate UE capabilities to support synchronized or unsynchronized DC.
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