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1 
Introduction
In the last RAN4 meeting, Dual connectivity enhancement in Rel13 was extensively discussed. And a way-forward on UE reporting method on SFN/subframe offset between MeNB and SeNB was agreed [1].  
	· Subframe boundary offset between MeNB and SeNB ((Z)
· The received time difference between MeNB and SeNB at the UE, defined as (Z = TSubframePCell-TSubframePSCell, where: 
· TSubframePCell is the time when the UE receives the start of one subframe from PCell and
· TSubframePSCell is the time when the UE receives the corresponding start of one subframe from PSCell that is closest in time to the subframe received from PCell. 
· The maximum possible value of can vary between -500 µs and +500 µs. However the UE will report (Z over a limited reporting range.
· The reporting range is FFS; RAN4 will provide details about reporting range in RAN4#76bis


Therefore in this contribution, the further considerations on the remained issue of UE reporting of SFN/subframe offset between MeNB and SeNB below are provided.
2 
Discussion
According to RAN2 email discussion on SFN/subframe offset reporting in LET eDC [2], in Rel13 Dual Connectivity enhancement the main purpose of reporting on the SFN and subframe timing offset is for DRX and measurement gap configuration and power control mode selection. This view is aligned with RAN4’s discussions on SFN/subframe offset for Rel12 DC before [3]~[5]. 
Observation 1:  Although SFN/subframe offset in DC enhancement in Rel13 can be used for other usage possibly, it is reasonable to assume UE reporting on SFN/subframe offset between MeNB and SeNB are mainly for

· DRX or measurement gap configuration alignment

· Power control mode selection

As illustrated in [6], in order configure the correct measurement gap/DRX and power control mode for UE in DC, eNB need firstly know DC deployment is synchronous or asynchronous based on UE reporting subframe timing offset between MeNB and SeNB. If the subframe timing offset between MeNB and SeNB is less than 33µs, the configuration for synchronous DC shall be applied. Otherwise, asynchronous DC behaviour shall be assumed for UE. 
However, given the subframe timing offset between MeNB and SeNB is acquired by DL reception timing from the different eNBs, the similar timing error tolerance as UE transmission timing shall be allowed from RAN4 perspective. As a result it is possible to introduce error of the sync and async DC detections especially when UE reporting subframe timing offset is close to the hard sync/async DC detection threshold (33µs).  
Observation 2:  It is possible that the error of the sync/async DC deployment detection with UE reporting on the subframe offset between MeNB and SeNB in DC enhancement in Rel13 will be occurred. 
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Figure 1. DC sync/async ambiguity 
Generally as shown in Figure 1 it is ambiguous for eNB to distinguish the sync or async DC deployment only when the subframe timing offset within the range below.

[33µs - delta, 33µs + delta]    (1)

On the other hand, DC sync and async deployment can be certainly recognized by eNB with UE subframe timing offset when the reporting timing is beyond this range. 

Observation 3:  When eNB is ambiguous on the sync/async DC deployment from the subframe timing offset via UE reporting, the finer reporting resolution is needed to improve the exact sync/async DC decision. Otherwise, the definite sync/async state can be reported to eNB.
Proposal 1: The various reporting granularity can be applied for UE reporting on subframe offset between MeNB and SeNB which is ranged from [-500µs, 500µs]. 

Moreover as shown in Equation (1), the important factor which impacts UE reporting on the subframe timing offset is “delta”. In principle, the “delta” relies on UE the DL reception timing accuracy which is specified in TS36.133 Section 7.1 [6]. As an example when UE is in DRX and with minimum measurement bandwidth (e.g. 1.4MHz), the requirements on UE timing can be considered as “24Ts” regarding to the worst case. That is “delta” in Equation (1) can be 24Ts [6]. 
Therefore, the feasible reporting range of the subframe offset between MeNB and SeNB ((Z ) can be composed by the three reporting ranges below with different reporting granularity.  
1) When abs((Z) < 33µs -24Ts
The synchronous DC can be affirmed. Thus the reporting value for these subframe offset can be a same one to denote the synchronous DC.
2) When abs((Z)> 33µs +24Ts

The asynchronous DC can be affirmed. Thus the reporting value for these subframe offset can be a same one to denote the asynchronous DC also.
3) When 33µs-24Ts <= abs((Z) <= 33µs +24Ts
The smaller reporting granularity shall be used to provide more exact timing information to help eNB distinguish the sync/async ambiguity. Furthermore, the granularity for reporting depends the measurement method. If CRS based measurement for timing is used, 2Ts resolution can be applied. 
Base on the observations above, we propose the following reporting range for UE reporting on the subframe offset between MeNB and SeNB in DC enhancement in Rel13.
Proposal 2: the reporting range for subframe offset between MeNB and SeNB can be specified as: 
Table 9.x.x.x: UE Subframe offset measurement report mapping

	Reported value
	Measured quantity value
	Unit

	Subframe_TIME_DIFFERENCE_0000
	abs((Z)< 33µs -24Ts
	Ts

	Subframe_TIME_DIFFERENCE_0001
	33µs -24*Ts (abs((Z) < 33µs-22*Ts
	Ts

	Subframe_TIME_DIFFERENCE_0002
	33µs-22*Ts (abs((Z) < 33µs-20*Ts
	Ts

	…
	…
	…

	Subframe_TIME_DIFFERENCE_0013
	33µs < abs((Z) < 33µs+2*Ts
	Ts

	Subframe_TIME_DIFFERENCE_0014
	33µs+2* Ts < abs((Z) < 33µs+4*Ts
	Ts

	…
	…
	…

	Subframe_TIME_DIFFERENCE_0025
	33µs+22* Ts < abs((Z) < 33µs+24*Ts
	Ts

	Subframe_TIME_DIFFERENCE_0026
	33µs+40* Ts < abs((Z)
	Ts


3 
Conclusion
In this contribution, further discussion on UE reporting SFN/subframe offset between MeNB and SeNB for DC enhancement are provided. In conclusion, the following observations and proposals can be drawn.

Observation 1:  Although SFN/subframe offset in DC enhancement in Rel13 can be used for other usage possibly, it is reasonable to assume UE reporting on SFN/subframe offset between MeNB and SeNB are mainly for

· DRX or measurement gap configuration alignment

· Power control mode selection

Observation 2:  It is possible that the error of the sync/async DC deployment detection with UE reporting on the subframe offset between MeNB and SeNB in DC enhancement in Rel13 will be occurred.
Observation 3:  When eNB is ambiguous on the sync/async DC deployment from the subframe timing offset via UE reporting, the finer reporting resolution is needed to improve the exact sync/async DC decision. Otherwise, the definite sync/async state can be reported to eNB.

Proposal 1: The various reporting granularity can be applied for UE reporting on subframe offset between MeNB and SeNB. 

Proposal 2: The reporting range for subframe offset between MeNB and SeNB can be specified as: 
Table 9.x.x.x: UE Subframe offset measurement report mapping

	Reported value
	Measured quantity value
	Unit

	Subframe_TIME_DIFFERENCE_0000
	abs((Z)< 33µs-24Ts
	Ts

	Subframe_TIME_DIFFERENCE_0001
	33µs-24*Ts (abs((Z) < 33µs-22*Ts
	Ts

	Subframe_TIME_DIFFERENCE_0002
	33µs-22*Ts (abs((Z) < 33µs-20*Ts
	Ts

	…
	…
	…

	Subframe_TIME_DIFFERENCE_0013
	33µs < abs((Z) < 33µs+2*Ts
	Ts

	Subframe_TIME_DIFFERENCE_0014
	33µs+2* Ts < abs((Z) < 33µs+4*Ts
	Ts

	…
	…
	…

	Subframe_TIME_DIFFERENCE_0025
	33µs+22* Ts < abs((Z) < 33µs+24*Ts
	Ts

	Subframe_TIME_DIFFERENCE_0026
	33µs+40* Ts < abs((Z)
	Ts
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