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1 Introduction
New WI dual connectivity enhancements for LTE [RP-150490] is agreed in RAN#67. The objectives are, 
	This work is conducted to specify the following features for Dual Connectivity:

-
Uplink bearer split (RAN2).

-
UE reporting method on the SFN and subframe offset between MeNB and SeNB (RAN2/4).
-
Maximum uplink transmission time difference (RAN4).

-
E-UTRAN CGI requirements (RAN4).

-
Enhancement of intra-frequency/inter-frequency/inter-RAT measurement requirements in DRX  (RAN4).

-
RAN4 requirements to support more than 2 component carriers in the operation of Dual Connectivity (RAN4).

-
RAN4 will treat this objective after the work on 3DL/2UL CA is completed.
NOTE:
RAN3 may be involved to work on specification of network protocol aspects on request from RAN2, if any.


As suggested by Rapporteur, UE reporting method on the SFN and subframe offset and measurement requirements in DRX could be prioritize since these two features may impact on RAN2 discussion. This contribution gives the preliminary analyse on the SFN and subframe offset.
2 Discussion   
With respect to SFN timing difference, it was discussed during dual connectivity core requirements definition in R12. Due to lack of time, the network based mechanism is assumed to determine the timing offset between MeNB and SeNB as indicated by RAN3. Since new WID for DC enhancement is established, we have sufficient time to re-consider this topic.

2.1 The intention of acquisition of SFN timing difference  
The intention of acquisition of SFN timing difference is to align interruption in order to avoid mismatch between the SeNB and the UE [1].

The measurement gap and interruption time in DC are defined in TS36.133 c70 clause 8.
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Figure 8.1.2.1-1
The total interruption time on SCG is 6 subframes for synchronous dual connectivity, and the total interruption time on SCG is 7 subframes for asynchronous dual connectivity. As shown in Figure 8.1.2.1-1, MCG subframes from i+1 to i+6 are included in total interruption time together with SCG subframes from j+1 to j+6 for synchronous dual connectivity and j+1 to j+7 for asynchronous dual connectivity.
2.2 The ambiguity       

The SFN offset observed by the SeNB via X2 procedure or OAM is: 
SFN timing difference in the SeNB = SFN difference between the MeNB and the SeNB + Clock source Error;

Currently, GPS and IEEE 1588 are the two main technologies to make clock source synchronization between the eNBs. If GPS or IEEE 1588 is deployed, the total accuracy could be tens microsecond level. It seems that the accuracy of SFN timing difference is acceptable. However considering no GPS or IEEE 1588 deployment, it is difficult to guarantee the accuracy of SFN offset by this network based solution. 
Furthermore there is one ambiguity here. As we know, synchronous and asynchronous DC are defined from UE perspective as specified in TS36.300. Herein we duplicate the definition:
In synchronous DC operation, the UE can cope with a maximum reception timing difference up to at least 33µs between CGs. In asynchronous DC operation, the UE can cope with a maximum reception timing difference up to 500µs between CGs.
The question is how network exactly know what situation UE is (asynchronous mode or synchronous mode). RAN4 has specified cell phase synchronization accuracy (Synchronized mode of dual connectivity) as in section 7.13, but this cell phase synchronization accuracy requirement is optional. In other words, if BS manufacturers don’t declare it is synchronous DC, how network judge the received subframe boundary timing difference at the UE. 
For example, the BS manufacturers don’t declare it is synchronous DC, so the network could think that the UEs are in asynchronous DC operation, so the interruption time in SeNB is 7ms. While actually for some UEs, its subframe boundary timing difference is less than 33us, so only 6ms interruption is expected. 

So the appropriate method is UE reporting. UE can acquire the SFN of PCell and the SFN of pSCell by reading corresponding MIBs, and then calculates the SFN offset between the MCG and the SCG. If the SFN offset is needed for the SeNB, the MeNB can ask the UE to report, and then forwards the SFN offset to the SeNB via X2 interface.
If the SFN offset is provided by the UE, the SeNB and the UE will have the same understanding on the interruption time. Therefore network could flexible schedule the MCG and SCG. 

Proposal1: UE reporting method on the SFN and subframe offset between MeNB and SeNB could avoid mismatch between the SeNB and the UE.
2.3 Accuracy analysis on UE reporting method 

As we know, UE could derive the SFN frame time difference by demodulation the MIB of PCell in MCG and PSCell in SCG.
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Figure.1 SFN timing difference
The SFN timing difference from UE side shall include three parts as depicted the following formula.

SFN timing difference = SFN difference between MeNB and SeNB + propagation delay difference+ UE frame boundary estimation error

· SFN timing difference between MeNB and SeNB is the inherent SFN timing difference from eNB side.
· Propagation delay difference:  the propagation delay difference is up to 30us considering that the distance between MeNB and SeNB is near to 10km and UE is close to MeNB or SeNB.
· UE Frame boundary estimation error: UE could estimate the SFN timing through demodulating MIB in PBCH, thus the frame boundary estimation error is the timing tracking error. From the simulation results, the timing tracking error is  [
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32Ts] .Considering UE shall estimate the SFN timing difference between MCG and SCG based on the MIB of the special SCell of the SCG, the UE frame boundary estimation error equals 2* timing tracking error, i.e.,  [
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Consequently, the accuracy of SFN timing difference between MeNB and SeNB is microsecond level. In our understanding, it is accurate enough to coordinating SFN between MeNB and SeNB (e.g. to align DRX and measurement gap occasions between MeNB and SeNB).
Proposal2: The SFN timing difference reported by UE is accurate enough to coordinating SFN between MCG and SCG.
3 Conclusions
In this contribution, we provide the analysis on SFN and subframe dfference the dual connectivity. The following proposal is provided:
Proposal1: UE reporting method on the SFN and subframe offset between MeNB and SeNB could avoid mismatch between the SeNB and the UE.
Proposal2: The SFN timing difference reported by UE is accurate enough to coordinating SFN between MCG and SCG.
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