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1 Introduction
A new WI has been approved on dual connectivity enhancement in [4], where one of topics that are included for investigation is: 
-
UE reporting method on the SFN and subframe offset between MeNB and SeNB (RAN2/4).-
As stated above that RAN2 and RAN4 is mandated to develop procedure and requirements respectively for SFN and subframe offset between MeNB and SeNB. Previously, after the RAN2#85bis meeting RAN4 received a LS on accuracy of the estimated SFN offset between PCell and PSCell in dual connectivity [1]. The LS was discussed during the RAN4#71 meeting and a response was agreed in [2], and detailed in [3],
This contribution discusses the SFN and subframe offset between MeNB and SeNB. We propose a measurement object to this effect in this contribution. 
2 Definition of SFN and Subframe Offset

2.1 Naming of Measurement Quantity

SFN and subframe timing offset is defined based on the timing difference from MCG to SCG. It is essentially one measurement which reveals both difference in SFNs and the received time difference at the UE. In the specification the measurement can be specified in more compact form such as:

SFN and subframe time difference (SSTD). 

In Figure 1, we show one way of the SFN and subframe offset calculations. We denote SFN indices in MeNB and SeNB with i and j respectively. The SFN and subframe offset in this case will be as follows:

SSTD = [( SFNi - SFNj )*327200 + x]*Ts                                 (Eq.1)
[image: image1.emf]i-1 i i+1 i+2

j-1 j j+1 j+2

Δt=x*Ts

MeNB

SeNB

10ms≡307200Ts


Figure 1 SFN and subframe offset calculation
Based on the above discussions, we propose the following:

Proposal: SFN and subframe time difference (SSTD) is defined as timing difference from MCG to SCG as seen at the UE and as defined in Eq.1.
An alternative is proposed in [6], where it proposed that: “The SFN timing difference between MCG and SCG should be reported to the network. The SFN timing difference can be expressed in form of (SFN_index_SCG, subframe_index_MCG, subframe_index_SCG, Delta_t). The RSTD based on CRS and the corresponding requirements should be defined.” This proposal only considers SFN timing offset and do not consider subframe timing offset. The second parameter provides indication to the network whether the UE can be supported in synchronous or asynchronous operation. Moreover,  RSTD based on CRS has different accuracy levels and defined for other purposes.
2.2 Information provided by SSTD

The SSTD as defined in Section 2.1 provides three different levels of information which are listed below.
	Information in SSTD
	Benefits

	Whether MCG or SCG is leading
	As discussed in many previous discussions related to dual connectivity, either MCG or SCG can be seen as the leading CG. This information will be particularly used in many procedures related to dual connectivity. For example, based on whether MCG is leading or not, the SCG can determine which subframes to avoid for scheduling when gaps are configured.

	SFN offset
	This will provide useful information regarding the DRX or measurement gap length implementation. SFN offset will also provide indication on which subframes the interruption may happen in PCell or in PSCell or in Sell(s).

	Frame timing offset
	This will also be helpful together with SFN offset to determine the exact subframes which will be affected to e.g. measurement gap length, DRX, etc.
The above two information are useful for determining e.g. where should the measurement gap be in both CGs, as seen in the figure below, taken from 36.133.
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	Subframe timing offset
	Subframe timing offset will provide the information whether synchronous or asynchronous dual connectivity can be supported for the UE. 
This is very important component information, which can be used to determine whether the UE can be served in synchronous or asynchronous fashion. 

There are proposals to define a 0 or 1 bit for indicating the UE can be in synchronous or asynchronous mode. This could be risky and would require a hard boundary between synchronous and asynchronous operation, which is not available.  

When a UE is close to 33µs (i.e. the timing boundary for the UE to cross to asynchronous operation), then the subframe timing offset information provides a good indication to the network where to configure the UE in synchronous or asynchronous mode. For example, a good UE may be able to support more than 33us at its receiver, in that case, having a 0/1 feedback would diminish the benefits of the good implementation of this particular UE.    


2.3 When is SSTD measured?

When a PSCell is activated and configured, the UE decodes the MIB from SCG. Thus, the UE can transmit the SSTD once it decodes the MIB from SCG and it obtains the timing synchronization with SCG.

The UE should be configured with SSTD measurement as part of the measurement configuration; the details are to be decided by RAN2. The UE can transmit the SSTD on event triggered basis or periodically as for other measurements.
3 Summary and Conclusion 
The following is proposed regarding the accuracy of the SFN offset:
Proposal: SFN and subframe time difference (SSTD) is defined as the received time difference from MCG to SCG as seen at the UE and as defined in Eq.1.
Based on the discussions in this paper, we propose to send an LS to RAN1 and RAN2 as in [5].
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(a) measurement GAP for synchronous dual connectivity


i


i + 1


i + 2


i + 3


i + 4


i + 5


i + 6


i + 7


MCG


j


j + 1


j + 2


j + 3


j + 4


j + 5


j + 6


j + 7


SCG


j + 8


measurement gap


total interruption time on SCG
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