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1. Introduction
The SSTD measurement was defined for DC. It includes three components: SFN offset, Frame boundary offset, and subframe boundary offset. Based on the reported measurement value, MeNB will schedule measurement GAP and power control for DC UE. 
We had some further check the current specification on SSTD measurement. There are some issues about the SSTD  measurement. This document will discuss these issues, and give our proposals to solve these issues.
2. Discussion
The definition of SSTD measurement in TS36.214v13.2.0 is excerpted as following for discussion.

	Definition
	The observed SFN and subframe timing difference (SSTD) between a PCell and a PSCell is defined as consisting of the following three components;

· SFN offset = (SFNPCell - SFNPSCell) mod 1024, where SFNPCell is the SFN of a PCell radio frame and SFNPSCell is the SFN of the PSCell radio frame of which the UE receives the start closest in time to the time when it receives the start of the PCell radio frame.
· Frame boundary offset = 
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, where TFrameBoundaryPCell is the time when the UE receives the start of a radio frame from the PCell and TFrameBoundaryPSCell is the time when the UE receives the start of the radio frame of PSCell that is closest in time to the radio frame received from the PCell. The unit of (TFrameBoundaryPCell - TFrameBoundaryPSCell) is [µs].
· Subframe boundary offset = TSubframePCell - TSubframePSCell, where TSubframePCell is the time when the UE receives the start of a subframe from the PCell and TSubframePSCell is the time when the UE receives the start of the subframe from the PSCell that is closest in time to the subframe received from the PCell.

The reference point for the observed SFN and subframe time difference shall be the antenna connector of the UE.

	Applicable for
	RRC_CONNECTED intra-frequency


It is noted that 
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 is floor operation to round the elements of 
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 to the nearest integers towards minus infinity.
2.1
Issues

2.1.1
Issue 1: Definition of Frame boundary offset
The measurement component ΔY intends to define the gap between PCell and PSCell with subframe granularity. We noticed that measurement of Frame boundary offset defined in TS36.214 is not correct. The current definition is copied as following: Frame boundary offset = 
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. It should be defined as following: Frame boundary offset = 
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Observation1: The definition of Frame boundary offset measurement, 
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, is not correct.

2.1.2
Issue 2: Report mapping for Frame boundary offset measurement

The definition of report mapping of Frame boundary offset is defined in TS36.133 as following:

	Frame boundary offset between MeNB and SeNB ((Y)
Reporting range of (Y is between subfrane number #-4 and subframe number# 5 as defined in TS 36.331 [2].


The measurement of 
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 may be within the range of -5000μs to 5000μs, i.e. the difference of the beginning of radio frame between PCell and PSCell closest in time is within half radio frame. The function of 
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 to the nearest integers towards minus infinity defined as in TS36.201. 
If we define: 
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 will be within the range of -5 ~ 5.

If we define:
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 will be within the range of -5 ~ 4.

Reporting range of ΔY could not be between subframe number #-4 and subframe number# 5. It should be alignment with the definition of Frame boundary offset.
Observation 2: Based on the measurement definition of Frame boundary offset, the reporting range of (Y is not correct.
2.1.3
Issue 3: Subframe boundary offset
The measurement of Subframe boundary offset is defined in TS36.214 as following:
	· Subframe boundary offset = TSubframePCell - TSubframePSCell, where TSubframePCell is the time when the UE receives the start of a subframe from the PCell and TSubframePSCell is the time when the UE receives the start of the subframe from the PSCell that is closest in time to the subframe received from the PCell.


The definition of report mapping of Subframe boundary offset is defined in TS36.133 as following:

	Subframe boundary offset between MeNB and SeNB ((Z)
The reporting range of absolute value of (Z is between 700Ts and 1320Ts with reporting granularity of 10Ts.


Based on the report mapping, SeNB may make wrong decision for subframe pair of PCell and PSCell. Take the following three scenarios as example.
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For these synchronized DC scenarios, if the measurement GAP is configured from subframe #0 on PCell, the start of measurement GAP on PSCell should be same that is start from subframe #3 for scenario A) and B), but will be different start from subframe #2 for scenario C).
The measurement GAP on PSCell is decided by SeNB based on UE SSTD measurement report. The reports of the ABS((Z)s are the same for these three scenarios, i.e. 20μs = 614.4Ts, and UE will reports value of SUBFRAME_BOUNDARY_OFFSET_00. The report values of Subframe boundary offset are calculated as following:
Scenario A). TFrameBoundaryPCell=TFrameBoundaryPSCell–3*1000μs–20μs, i.e. TFrameBoundaryPCell–TFrameBoundaryPSCell=-3020μs. So 
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 = -4, i.e. the (Y should be reported the value of -4.
Scenario B). TFrameBoundaryPCell=TFrameBoundaryPSCell–3*1000μs+20μs, i.e. TFrameBoundaryPCell–TFrameBoundaryPSCell=-2980μs. So 
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 = -3, i.e. the (Y should be reported the value of -3.

Scenario C). TFrameBoundaryPCell=TFrameBoundaryPSCell–2*1000μs+20μs, i.e. TFrameBoundaryPCell–TFrameBoundaryPSCell=-2020μs. So 
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 = -3, i.e. the (Y should be reported the value of -3.

Based on the reported value by UE, SeNB would not make the right decision. The start of measurement GAP in scenario A) and B) is different, however it is same in scenario B) and C).
Observation 3: Based on current measurement reporting of (Y and ABS((Z), eNB would not judge correctly subframe pair in synchronized DC scenario.
2.2
Solutions
For solving these problems, there may be some option solutions.

· Option1:
·  The definition of Frame boundary offset will be modified to 
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· Reporting range of ΔY will be modified to between subframe number #-5 and subframe number #4.
· Reporting range of ΔZ will be modified to-1320Ts ~ -700Ts and 700Ts ~ 1320Ts, i.e. -42.969μs ~ -22.786μs and 22.786μs ~ 42.969μs.
This solution makes reported (Z extended to negative. From negative or positive value of reported (Z, eNB can distinguish leading or lagging, which could help MeNB make the correct decision.
This solution need extend report mapping of (Z measurement from 6bits to 7bits. Reporting range of frame boundary offset from INTEGER (-4..5) to INTEGER (-5..4). This solution will impact RAN2 specification.
· Option 2:
· Modify definition of Frame boundary offset to 
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, i.e. 
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 operation to round the elements of 
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 to the nearest integers towards plus infinity. The Reporting range of frame boundary offset from INTEGER (-4..5) need not modified.
· Reporting range of ΔZ will be modified to-1320Ts ~ -700Ts and 700Ts ~ 1320Ts, i.e. -42.969μs ~ -22.786μs and 22.786μs ~ 42.969μs.
This solution is similar to the solution of option 1, but the reporting range of frame boundary offset from INTEGER (-4..5) do not need to be modified by definition of Frame boundary offset 
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This solution need extend report mapping of (Z measurement from 6bits to 7bits. The impact on RAN2 specification is still existed.

· Option 3 solution:
· Only modify the definition of Frame boundary offset to 
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, and define that the start of the radio frame of PSCell that is closest in time to the radio frame received from the PCell is when 
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This solution does not need to modify RAN2 specification. We can see the following table, this solution could solve the issues presented above, and eNB can make correctly decision for start for measurement GAP on PSCell based on reported (Y and ABS((Z). 
Note: The start of measurement GAP on PCell is assumed subframe 0 for following table. Subframe number of Start of measurement GAP on PSCell is (1 – ΔY) mod 10 if it is synchronized DC, otherwise, is subframe ABS(ΔY).
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	-4
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	Subframe 5, synchronized DC
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	Subframe 4, asynchronized DC
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	0
	≤ SUBFRAME_BOUNDARY_OFFSET_32
	Subframe 1, synchronized DC
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	≥ SUBFRAME_BOUNDARY_OFFSET_32
	Subframe 0, asynchronized DC
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	≤ SUBFRAME_BOUNDARY_OFFSET_32
	Subframe 0, synchronized DC
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	Subframe 9, asynchronized DC
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	5
	≤ SUBFRAME_BOUNDARY_OFFSET_32
	Subframe 6, synchronized DC
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We prefer slightly the option 3 solution. This solution does not impact RAN4 and RAN2 specification, we just need to modify SSTD measurement definition, i.e. the definition of Frame boundary offset 
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, and define the start of the radio frame of PSCell that is closest in time to the radio frame received from the PCell is when 
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Based on above discussion,  we give the following proposal.
Proposal: RAN4 shall send LS to RAN1: 

· Modify the definition of Frame boundary offset measurement from 
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· Define the start of the radio frame of PSCell: the closest in time to the radio frame received from the PCell when 
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3. Summary
In this document, we discussed SSTD measurement and some associated issues. The following observations and proposal are presented:
Observation1: The definition of Frame boundary offset measurement, 
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, is not correct.

Observation 2: Based on the measurement definition of Frame boundary offset, the reporting range of (Y is not correct.

Observation 3: Based on current measurement reporting of (Y and ABS((Z), eNB would not judge correctly subframe pair in synchronized DC scenario.
Proposal: RAN4 shall send LS to RAN1: 

· Modify the definition of Frame boundary offset measurement from 
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· Define the start of the radio frame of PSCell: the closest in time to the radio frame received from the PCell when 
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