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1 Introduction
In last RAN4 #74bis meeting, there were a lot of discussion on the dual connectivity (DC) enhancement []~[]. As initially discussed in R12 some coordinations are needed for MCG and SCG e.g. DRX operations and measurement gap between MCG and SCG.Due to the non-idealistic backhaul between MCG and SCG the MCG and SCG only know the exact timing of itself. On the other hand the measurement gap is common between MCG and SCG and performed based on the timing of MCG. Thus it is necessary for the MCG to know the timing of the SCG to configure the measurement gap and decide which subframes of SCG can not be scheduled for transmission.
 In the following of this paper we present how the UE reports the SFN timing difference to the network and the related accuracy requiments.
2 Discussion
2.1 Necessity of SFN timing difference reporting

As specified in TS 36.133 some principles for the measurement gap in DC operations are
· A measurement gap starts at the end of the latest subframe occurring immediately before the measurement gap among MCG serving cells subframes. 

· MGL is the time from start of tuning to end of retuning, which is aligned between MCG and SCG.

· The total interruption time on SCG is 6 subframes for synchronous dual connectivity, and the total interruption time on SCG is 7 subframes for asyncrhonous 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 asyncrhonous dual connectivity.

· For asynchronous dual connectivity as shown in Figure 8.1.2.1-1 (b), subframe j is regarded as the subframe occurring immediately before the measurement gap for SCG, similarly, subframe j+8 is regarded as the subframe occurring immediately after the measurement gap for SCG.
· 
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· Figure1: Measurement GAP and total interruption time on MCG and SCG

In Fig 1(b) it can be seen that the total interrption time on SCG is from j+1 to j+7. It means the subframe j of SCG is arrived earlier than subframe i of MCG. Otherwise if the subframe j is arrived of SCG is later than subframe i of MCG the total interrupion time on SCG is from j to j+6 as illustrated in Fig.2 below.
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As analyized above there is no coordination on the SFN timing between MCG and SCG it is difficult for the SCG to decide which subframes should be not scheduled due the common Measurement gap between MCG and SCG. On the other hand the UE knows the exact time difference between MCG and SCG. It is a good way if the UE can report the observed SFN timing difference between MCG and SCG to assist them to coordinate e.g. measurement gap and scheduling operations. 

The next question is how to reprensent the SFN timing difference.

In principle as long as the MCG knows the exact timing difference of any pair of subframes of MCG and SCG the MCG and SCG operations can be coordinated. E.g. if the MCG and SCG know the timing relation of subframe i of MCG and subframe j of SCG in Fig. 2 the network can exactly knows from which subframe the measurement gap is started and ended and which subframes can not be used for scheduling.
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There are two kinds of methods to indicate the timing difference in Fig.2.
Method 1: indicate the subframe seperately
SFN index of MCG:  s1
SFN index of SCG:  s2

Subframe index of MCG: i 
Subframe index of SCG: j

Subframe boundary timing difference: Delta_t
Method 2: MCG(PCell) is reference
SFN index difference of SCG:  s2-s1=s2 (take SFN 0 of PCell as reference)

Subframe index of MCG: i 

Subframe index difference of SCG: j
Subframe boundary timing difference: Delta_t

It is obvious that the Method 2 has less signalling overhead where only one SFN index (10bits) is signalled from UE to the network. Fig.3 gives one example on how the UE decides the related parameters.
When the UE was configured to perform such measurements the UE should selected one pair of subframe where the corresponding start of one subframe from PCell is closest in time to the subframe received from PSCell. 
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Thus the UE should report (SFN_index_SCG, subframe_index_MCG, subframe_index_SCG, Delta_t) to the network where (SFN_index_SCG, subframe_index_MCG, subframe_index_SCG, Delta_t) is (s2, 3, 4, Delta_t). In Fig.3(a) and (b) the Delta_t is positive and negative respectively.
Proposal 1: 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).

Based on the discusson above one example for the measurement gap and scheduling coordination between PCell and PSCell is 
Step1: UE reports the SFN timing difference to PCell. By this information the PCell knows the exact relative timing difference between PCell and PSCell. i.e. the SCG knows the staring and ending timing of measurement gap and which subframes to be not scheduled.
Step2: PCell configures the common Measurement Gap to the UE similar to CA case.

Step3: For PSCell according to the UE reported SFN timing difference and the measurement gap configuration from PCell, PSCell avoids 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. 
2.2 Measurement accuracy of SFN timing difference reporting
In section 2.1 we analyized two methods for SFN timing difference reporting. For both methods the SFN index can be read from the MIB and subframe index can be obtained by the cell identification precess. Thus only the measurement of subframe boundary timing difference i.e. delta_t should be defined. 
The measurement of delta_t is quite similar to RSTD measurement. In TS 36.214 the RSTD measurement is defined

5.1.12
Reference signal time difference (RSTD)
	Definition
	The relative timing difference between the neighbour cell j and the reference cell i, defined as TSubframeRxj – TSubframeRxi, where: TSubframeRxj is the time when the UE receives the start of one subframe from cell j TSubframeRxi is the time when the UE receives the corresponding start of one subframe from cell i that is closest in time to the subframe received from cell j. The reference point for the observed subframe time difference shall be the antenna connector of the UE. 

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency


Thus it is expected that the similar definition can be used for delta_t for DC operations. It should be noted that the current RSTD measurement is based not oly on not only PRS signal but also CRS/PSS/SSS et.al. Currently the RSTD based on PRS and the corresponding requirements has already been specified. To be generic the CRS is always transmitted from MCG and SCG thus it is proposed.

Proposal2: The RSTD based on CRS and the corresponding requirements should be defined. 

3 Conclusions

In this contribution we present the analysis on the SFN timing difference between MCG and SCG to the network to assist the coordination of MCG and SCG including e.g.DRX operation and measurement gap. It is 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). Among the parameters for reporting only the delta_t should be defined. The R9 RSTD measurements based on PRS is proposed to be reused for Delta_t. we propose that the RSTD based on CRS and the corresponding requirements be defined. 
Proposal 1: 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).

Proposal2: The RSTD based on CRS and the corresponding requirements should be defined. 
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