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1. Introduction
The WI of Dual Connectivity enhancements for LTE approved in RAN #67 plenary meeting has the following five objectives related to RAN4.

-
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).

In order to facilitate the work for developing the RRM core requirements, the work plan [1] is proposed in this meeting. In this contribution, based on the proposed work plan, we discuss the UE reporting method on the SFN and subframe offset between MeNB and SeNB.
2. Discussion
A UE based SFN/subframe offset reporting method is related to both RAN2 and RAN4. RAN4 would need to discuss at least the required granularity of accuracy (e.g. subframe level, µs level, etc.). In addition, since this feature depends on the measurement results on UE, RAN4 would also discuss the feasibility of the required granularity of accuracy including the requirements for the detected timing error. On the other hand, RAN2 would need to discuss how the UE based SFN/subframe offset reporting method is realized and may take the RAN4 agreement into account. This means that RAN4 needs to make an agreement related to this feature before the start of RAN2 discussion which will be planned after RAN2#91 meeting in August 2015. 
Observation 1: RAN4 needs to make an agreement related to this feature before the start of RAN2 discussion. 
The UE based SFN/subframe offset reporting method was discussed briefly in Rel-12 and the following reply LS was sent to RAN2 [2]. In this LS, RAN4 informed RAN2 of RAN4 agreement that this method was feasible if the required granularity of accuracy was a subframe level. However, it was not discussed whether subframe level is enough or not. Thus, we discuss the required granularity of accuracy for this feature after discussing the use cases of this feature.
During RAN4 #71, RAN4 discussed the SFN handling issue between MeNB and SeNB for dual connectivity raised by RAN2 and answer the following questions:

1) Is it feasible that the UE calculates the SFN timing difference (if any) between MCG and SCG based on the MIB of the special SCell of the SCG?

[Ans]: Yes, it is feasible.

2) If feasible, is the solution where the SFN timing difference is provided to SeNB by UE reporting expected to be accurate enough for coordinating SFN between MeNB and SeNB (e.g. to align DRX and measurement gap occasions between MeNB and SeNB)?

[Ans]: Yes, if the required accuracy is a subframe level.
3) If feasible, does RAN4 see any issues with the accuracy of the SFN timing difference reported by the UE being valid over a long period of time (e.g. due to change in UE receive timing caused by variations in propagation delay)?

[Ans]: No, RAN4 does not see any issue with the accuracy of the reported SFN time difference.
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Figure 1: Measurement GAP in DC
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Figure 2: Two patterns where the MCG subframe is received earlier/later than the SCG subframe
One of the use cases where the NW needs the SFN/subframe offset between MCG and SCG is that the NW configures measurement GAP. In DC, the measurement GAP is configured based on the subframe on MCG as described in Figure 1. This means that the information of the SFN/subframe offset between MCG and SCG is needed in order that the NW recognizes the subframes included in the measurement GAP and the total interruption time on SCG. There, however, are two patterns in asynchronous DC. One is the case where the MCG subframe is received earlier than the SCG subframe overlapping with the corresponding MCG subframe as described in Figure 2 (a) and the other is the case where the MCG subframe is received later than the SCG subframe as described in Figure 2 (b). Even if the UE reports the SFN/subframe offset between MCG and SCG, the NW cannot always identify the SCG subframes actually included in the measurement GAP and the total interruption time on SCG. 
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Figure 3: Example cases

For example, even if the UE reports that the Ath SFN and ith subframe on MCG overlaps with Bth SFN and jth subframe on SCG, the NW cannot know whether the measurement GAP and the total interruption time include the subframes from jth to j+6th or the subframes from j+1th to j+7th as described in Figure 3. Additional one subframe is required for NW to accommodate both cases. In order to avoid this additional loss compared with the NW based method, the UE should be able to report the information about the earlier subframe of MCG and SCG. In other words, the UE should detect which subframes of MCG and SCG are received earlier. Thus, the required granularity of accuracy is not in subframe level but rather in µs level. 

Observation 2: In order to avoid the additional loss compared with NW based method, UE should detect which subframes of MCG and SCG are received earlier.
Observation 3: Required granularity of accuracy for this feature is not enough in subframe level.
Based on the above analysis, the UE supporting this feature should be able to detect the timing offset between MCG and SCG in µs level.

Proposal 1: UE supporting this feature should be able to detect the timing offset between MCG and SCG in µs level.
In addition In order to ensure the performance of this feature, RAN4 should specify the requirement for detected received timing error between cells like the UE initial transmission timing error requirements specified in Section 7.1 in 36.133. 

Proposal 2: Requirement for detected received timing error between cells should be specified in 36.133.

3. Conclusion

In this contribution, we discussed the UE reporting method on the SFN and subframe offset between MeNB and SeNB. Our observations and proposals are summarized as below:
Observation 1: RAN4 needs to make an agreement related to this feature before the start of RAN2 discussion. 
Observation 2: In order to avoid the additional loss compared with NW based method, UE should detect which subframes of MCG and SCG are received earlier.

Observation 3: Required granularity of accuracy for this feature is not enough in subframe level.
Proposal 1: UE supporting this feature should be able to detect the timing offset between MCG and SCG in µs level.
Proposal 2: Requirement for detected received timing error between cells should be specified in 36.133.
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(b) measurement GAP for asynchronous dual connectivity
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