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1. Introduction
In last RAN4 meeting, we had some discussion on the issues about SSTD measurement reporting and LS [1] had been agreed and sent to RAN1 to correct the definition of SSTD measurement. This contribution will further discuss the remaining issues on SSTD reporting and give our solution.
2. Discussion
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 SeNB and DC UE. 

In the LS [1], the definition of frame boundary offset is modified from 
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. And the definition of report mapping of frame boundary offset defined in current TS36.133 [2] is [-4, 5], which is copied 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 [3].


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.
The frame boundary difference between the PCell and the PSCell (
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) may be within the range of -5000μs to 5000μs: 
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, and the frame boundary offset should be [-5, 4]:
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 will be within the range of [-5, 4].

It is noted that 
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 is floor operation to round the elements of 
[image: image7.wmf]·

 to the nearest integers towards minus infinity.

Based on the above analysis, it is observed that the reporting range of frame boundary offset ((Y) is not correct, which should be within the range of [-5, 4].
Proposal 1: The reporting range of frame boundary offset ((Y) should be within the range of [-5, 4].

The main purpose of reporting on the SFN and subframe timing difference is for DRX and measurement gap configuration for both async/sync DC deployments, e.g. the start subframe index of DRX/measurement gap. 
However, for some synchronized DC scenarios, based on current TS 36.133[2] report mapping, SeNB may make wrong decision for subframe pair of PCell and PSCell. Figure 1 is illustrated three synchronized scenarios, scenario A), B) and C). It is assumed that measurement GAP is configured at the beginning of subframe #0 on PCell and the report of Abs((Z) is the same for these three scenarios, i.e. 20μs = 614.4Ts. 
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The report values of frame boundary offset are calculated as following:
Scenario A):

TFrameBoundaryPCell–TFrameBoundaryPSCell=-3020μs，thus (Y =  
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Scenario B):

TFrameBoundaryPCell–TFrameBoundaryPSCell=-2980μs，thus (Y =  
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Scenario C):

TFrameBoundaryPCell–TFrameBoundaryPSCell=-2020μs，thus (Y =  
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For scenario A) and B), MeNB should schedule the same DRX and measurement gap configuration based on the reported values of SSTD ((X, (Y and Abs ((Z)). The calculated value of (Y is different for scenario A) and B), while the report value of subframe boundary offset (Abs ((Z)) is the same, 20μs.  In this case, MeNB will not schedule the same DRX and measurement gap configuration. 

And for scenario B) and C), MeNB should schedule different DRX and measurement gap configuration based on the reported values of SSTD ((X, (Y and Abs ((Z)). While the calculated value of (Y is the same for scenario B) and C), and UE will report the same value for (X, (Y and Abs ((Z). In this case, MeNB will schedule the same DRX and measurement gap configuration.
From above analysis, we can see that the current method of reporting for SSTD ((X, (Y and Abs ((Z)) does not work in synchronous DC.
Observation: Based on current measurement reporting of SSTD ((X, (Y and Abs ((Z)), eNB would not schedule correctly subframe pair in synchronous DC scenario.
In synchronous DC scenario, since UE reports the absolute value for subframe boundary offset ((Z), eNB cannot distinguish which subframe is leading or lagging. With leading or lagging information, eNB could make the right decision in case of different reported value of (Y, i.e. scenario A) and B). Therefore, in order to solve the issue of subframe pair configuration in synchronous DC scenario, we propose to report value of (Z instead of the value of Abs((Z). The negative value of (Z means that the subframe of PSCell is leading and the positive value of (Z means that subframe of PSCell is lagging. The following table 1 is illustrated the schedule of measurement gap on PSCell based on the reported value of (Y and (Z. 
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	(Y
	(Z (μs)
	Start of measurement GAP on PSCell decided

	-5
	[0, 33]
	Synchronized DC, Subframe 5

	-5
	>33
	Asynchronized DC, Subframe 4

	-5
	<-33
	Asynchronized DC, Subframe 4

	-5
	[-33, 0)
	Synchronized DC, Subframe 4

	-4
	[0, 33]
	Synchronized DC, Subframe 4

	…
	…
	…

	4
	[0, 33]
	Synchronized DC, Subframe 6

	4
	>33
	Asynchronized DC, Subframe 5

	4
	<-33
	Asynchronized DC, Subframe 5

	4
	[-33, 0)
	Synchronized DC, Subframe 5

	4
	[-33, 0)
	Subframe 5, synchronized DC


Based on the discussion, we need to modify the report mapping of measured Subframe boundary offset ((Z) from Abs((Z) to (Z for the case of synchronous scenario. The reporting range of ΔZ will be modified from [700Ts, 1320Ts] to [-1320Ts, -700Ts] and [700Ts, 1320Ts], and the report mapping should be modified as follows:
Table 2: SSTD report mapping

	Reported Value
	Measured Quantity Value
	Unit

	SUBFRAME_BOUNDARY_OFFSET_00
	(Z ( -1320
	Ts

	SUBFRAME_BOUNDARY_OFFSET_01
	-1320 < (Z ( -1310
	Ts

	SUBFRAME_BOUNDARY_OFFSET_02
	-1310 < (Z ( -1300
	Ts

	(
	(
	…

	SUBFRAME_BOUNDARY_OFFSET_62
	-710 < (Z ( -700
	Ts

	SUBFRAME_BOUNDARY_OFFSET_63
	-700 < (Z ( 0
	Ts

	SUBFRAME_BOUNDARY_OFFSET_64
	0 < (Z ( 700
	Ts

	SUBFRAME_BOUNDARY_OFFSET_65
	700 < (Z ( 710
	Ts

	…
	…
	…

	SUBFRAME_BOUNDARY_OFFSET_125
	1300 < (Z ( 1310
	Ts

	SUBFRAME_BOUNDARY_OFFSET_126
	1310 < (Z ( 1320
	Ts

	SUBFRAME_BOUNDARY_OFFSET_127
	1320 < (Z 
	Ts


Proposal 2: The reporting range of ΔZ should be modified from [700Ts, 1320Ts] to [-1320Ts, -700Ts] and [700Ts, 1320Ts], and the report mapping should be modified as follows:

Table 2: SSTD report mapping

	Reported Value
	Measured Quantity Value
	Unit

	SUBFRAME_BOUNDARY_OFFSET_00
	(Z ( -1320
	Ts

	SUBFRAME_BOUNDARY_OFFSET_01
	-1320 < (Z ( -1310
	Ts

	SUBFRAME_BOUNDARY_OFFSET_02
	-1310 < (Z ( -1300
	Ts

	(
	(
	…

	SUBFRAME_BOUNDARY_OFFSET_62
	-710 < (Z ( -700
	Ts

	SUBFRAME_BOUNDARY_OFFSET_63
	-700 < (Z ( 0
	Ts

	SUBFRAME_BOUNDARY_OFFSET_64
	0 < (Z ( 700
	Ts

	SUBFRAME_BOUNDARY_OFFSET_65
	700 < (Z ( 710
	Ts

	…
	…
	…

	SUBFRAME_BOUNDARY_OFFSET_125
	1300 < (Z ( 1310
	Ts

	SUBFRAME_BOUNDARY_OFFSET_126
	1310 < (Z ( 1320
	Ts

	SUBFRAME_BOUNDARY_OFFSET_127
	1320 < (Z 
	Ts


The proposals introduced in this contribution are captured to CR in R4-167509 [4], Modifications on SSTD measurement reporting and LS in R4-167510 [5], LS on SSTD report mapping.
3. Conclusion
In this document, we discussed SSTD measurement and some associated issues. The following observation and proposal are presented:
Proposal 1: The reporting range of frame boundary offset ((Y) should be within the range of [-5, 4].
Observation: Based on current measurement reporting of SSTD ((X, (Y and Abs ((Z)), eNB would not schedule correctly subframe pair in synchronous DC scenario.

Proposal 2: The reporting range of ΔZ should be modified from [700Ts, 1320Ts] to [-1320Ts, -700Ts] and [700Ts, 1320Ts], and the report mapping should be modified as follows:

· Table 2: SSTD report mapping

	Reported Value
	Measured Quantity Value
	Unit

	SUBFRAME_BOUNDARY_OFFSET_00
	(Z ( -1320
	Ts

	SUBFRAME_BOUNDARY_OFFSET_01
	-1320 < (Z ( -1310
	Ts

	SUBFRAME_BOUNDARY_OFFSET_02
	-1310 < (Z ( -1300
	Ts

	(
	(
	…

	SUBFRAME_BOUNDARY_OFFSET_62
	-710 < (Z ( -700
	Ts

	SUBFRAME_BOUNDARY_OFFSET_63
	-700 < (Z ( 0
	Ts

	SUBFRAME_BOUNDARY_OFFSET_64
	0 < (Z ( 700
	Ts

	SUBFRAME_BOUNDARY_OFFSET_65
	700 < (Z ( 710
	Ts

	…
	…
	…

	SUBFRAME_BOUNDARY_OFFSET_125
	1300 < (Z ( 1310
	Ts

	SUBFRAME_BOUNDARY_OFFSET_126
	1310 < (Z ( 1320
	Ts

	SUBFRAME_BOUNDARY_OFFSET_127
	1320 < (Z 
	Ts
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