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1. Introduction
In the last RAN4 meeting, some documents discussed the topic of SFN and subframe offset reporting for dual connectivity in Rel-13[1][2][3], and have given some  good proposals. That’s a good start for this topic. Based on these discussions, this document discusses further these relevant issues and gives our considerations and proposals.
2. Discussion
2.1
Report Scheme
The report schemes have proposed in last meeting. Simple summarized as follows:

Scheme 1: Document [1] proposed that UE reports SSTD = [(SFNi - SFNj )*327200 + x]*Ts. The measurement accuracy and side condition are also proposed.

Scheme 2: Document [2] proposed that the SFN timing difference can be expressed in function of (SFN_index_SCG, subframe_index_MCG, subframe_index_SCG, Delta_t). The RSTD based on CRS and the corresponding requirements should be defined.
Scheme 3: Document [3] proposed that UE needs to report  the network  information as follows: SFN offset between MeNB and SeNB, sync/async DC Indication, and subframe offset between MeNB and SeNB.

Note: SSTD is proposed in [1] as acronym for SFN and subframe timing difference.
The purpose of the measurement report was also discussed in all references [1][2][3]. The measurement report is used for MeNB and SeNB to align the DRX and measurement GAP scheduling.
For DRX scheduling, one subframe resolution of reporting may be sufficient. The interruption time for measurement GAP on SCGis specified in note 4 of Table 8.1.2.1-1 in specification [4] as follows:
NOTE 4: 
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.
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Figure 8.1.2.1-1: Measurement GAP and total interruption time on MCG and SCG

So, eNBs need to know the information about SFN offset, subframe offset, and sync/async DC indication at UE side.
We think scheme 1/2/3 can work all. But in the aspect of resource efficiency of reporting measurement results, for scheme 1, UE may need about 26 bits, for scheme 2, UE may need about 29bits, and for scheme 3, UE may need about 15bits. So, scheme 3 is a better solution for using lest resource to report measurement results. The accuracy that UE ditermines whether DC synchronized or not should be specified further to make sure that the measurement report is reliable and can be verified.
In current specification, the UE Rx-Tx Time Difference Measurement is based on PSS/SSS or CRS signal of serving cell. The measurement period and side conditions for UE Rx-Tx Time Difference Measurement can be reused for SSTD measurement. The different is that UE Rx-Tx Time Difference is measured on one serving cell, but SSTD is measured between two serving cells. The accuracy requirement for UE Rx-Tx Time Difference Measurement should double for SSTD measurement. Additionally, it is believed that the requirement for SSTD measurement only based on 1.4MHz bandwidth is sufficient. So the accuracy requirement for SSTD measurement can be specified as [±40] TS.
Based on above discussions, following proposals are presented.
Proposal 1: UE reports SSTD measurement including following information: SFN offset between MeNB and SeNB, Subframe offset between MeNB and SeNB, and Indication of sync/async DC.
Proposal 2: UE shall distinguish synchronized DC or asynchronized DC with [±40] TS accuracy of timing difference of subframe boundary between PCell and PSCell, with the same measurement period and side conditions for UE Rx-Tx Time Difference Measurement.
Proposal 3: If UE works in state of DRX used, the measurement period should be longer derived from PCell DRX cycle and PSCell DRX cycle.
2.2
Offset Calculation
1.
SFN offset between MeNB and SeNB
SFN offset between MeNB and SeNB should state explicitly condition of radio frame pair. It may be calculated using frame i of PCell and frame j or j+1 of PSCell as shown in figure 1. Different frame pair will give different SFN offset.
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Figure 1. Timing offset of PCell and PSCell

The timing offset of PCell and PSCell are shown in figure 1. The PCell frame i and PSCell frame j is defined as a frame pair. The T_mcg i and T_scg j denote start time of frame i and frame j respectively. Considering definition of subframe pair of PCell and PSCell in Table 8.1.2.1-1 in specification [4] for sync/async DC, the pair radio frame should meet following condition:
-5000 + 33μs ≤ T_mcg i –T_scg j < 5000 + 33μs












(Formula 1)
Plus 33μs in formula 1 is to make the range of subframe_offset calculated from formula 2 equal from -4 to 5, and cover all timing offset cases for subframe_offset equal from -4 to 5.
If the reported value of SFN offset between MeNB and SeNB  calculated by: SFN of PCell – SFN of PSCell from a pair of radio frame, the range of value will be -1024 ~ 1024, which needs 11bits to report. Document [2] proposed that UE only needs to report SFN of PSCell frame paired with SFN =0 of PCell frame, which using 10bits. It is a better method to report SFN offset.
Proposal 4: UE reports SFN of PSCell frame paired with SFN =0 of PCell frame, whichusing 10bits. The timing different of paired PCell and PSCell frame boundary should greater than or equal to -4967μs and less than 5033μs.
2.
Subframe offset and synchronized indication between MeNB and SeNB
Based on above condition of PCell and PSCell frame pair, the subframe offset, Subframe_offset, can be defined as:
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(Formula 2)
The Subframe_offset will be integer of -4 to 5. Negative value indicates that the frame boundary of MCG is behind that of SCG.
Plus 967μs in formula 2 is used to make following mapping based on figure 8.1.2.1-1 in [4]:

	T_mcgi – T_scgj (μs)
	Subframe_offset

	-4967 ~ -3967.x
	-4

	-3967 ~ -2967.x
	-3

	-2967 ~ -1967.x
	-2

	-1967 ~ -967.x
	-1

	-967 ~ 32.x
	0

	33 ~ 1032.x
	1

	…
	…


Indication of sync/async DC can be defined as:
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(Formula 3)
Proposal 5: Subframe offset between MeNB and SeNB and Indication of sync/async DC are defined as:
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3. Conclusion
This document discusses the topic of SFN and subframe offset reporting for dual connectivity, and gives following proposals.
Proposal 1: UE reports SSTD measurement including following information: SFN offset between MeNB and SeNB, Subframe offset between MeNB and SeNB, and Indication of sync/async DC.

Proposal 2: UE shall distinguish synchronized DC and asynchronized DC with [±40]TS accuracy of timing difference of subframe boundary between PCell and PSCell, with same measurement period and side conditions for UE Rx-Tx Time Difference Measurement.
Proposal 3: If UE works in state of DRX used, the measurement period should be longer  derived from PCell DRX cycle and PSCell DRX cycle.

Proposal 4: UE reports SFN of PSCell frame paired with SFN =0 of PCell frame, which using 10bits. The timing different of paired PCell and PSCell frame boundary should greater than or equal to -4967μs and less than 5033μs.

Proposal 5: Subframe offset between MeNB and SeNB and Indication of sync/async DC are defined as:
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