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1 
Introduction
In the last RAN4#74bis meeting, DC enhancement WI [1] was discussed UE reporting method on SFN/subframe offset between MeNB and SeNB . However no agreements were achieved. 
In this contribution, the further clarifications and considerations on UE reporting SFN/subframe offset between MeNB and SeNB are provided.

2 
Discussion
2.1. Clarifications on the purpose of UE reporting on SFN/Subframe offset 

In Rel12 Dual Connectivity, MeNB and SeNB could be unsynchronized in both SFN and subframe boundary. SFN and subframe level timing information is critical for DRX and measurement gap configuration[2]. With this information, RRC can control the necessary timers for DRX (e.g. onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer) in a subframe unit. Similarly measurement gap occasion can be configured by “gapOffset” within “measGapConfig” IE, i.e., each gap starts at a SFN and subframe meeting the following condition [2]:

	SFN mod T = FLOOR(gapOffset/10);

subframe = gapOffset mod 10;

with T = MGRP/10 as defined in [2];


SFN/subframe offset between MeNB and SeNB can be acquired by the network based method (e.g. OMAP) in Rel12 DC. In Rel13 DC enhancement WI, the network based reporting on SFN/subframe offset between MeNB and SeNB might not be valid due to multi-vendor deployments, since no NW coordination via different OAM for DC is available. Thus, UE based reporting should be investigated. The main purpose of reporting on the SFN and subframe timing difference is still for DRX and measurement gap configuration (e.g. the start subframe index of DRX/measurement gap).
Observation 1: The purpose of UE reporting on SFN/subframe offset between MeNB and SeNB is for DRX or measurement gap configuration alignment. 

2.2. Parameters to be reported by UE in DC enhancement 

In general, the following parameters should be reported by UE 
1. Async or sync DC deployment: Obviously, the synchronization level between MCG and SCG impacts various aspects, e.g. measurement gap configuration, interruption duration, etc., 
2. SFN: the different SFN offset will determine the occasions of SCG measurement gap. 

3. Frame boundary offset in unit of subframe: As stated in [3] there is also ambiguity for measurement gap configuration of SCG upon the timing of SCG is earlier or later than that of MCG.
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Figure 2: Measurement GAP in DC [3]

Observation 2:  For the measurement gap/DRX alignment between MCG and SCG in DC, the following parameters are needed:

· SFN offset between MeNB and SeNB
· Indication of sync/async DC

· Frame boundary offset in subframe level between MeNB and SeNB
In Rel12 the network based method to report above parameters were adopted. Similarly in Rel13, the UE based reporting for these parameters are needed.
Proposal 1: In order to align the measurement gap/DRX between MCG and SCG in Rel13 DC enhancement, the following information from UE need to be reported to the network:

· SFN offset between MeNB and SeNB
· Indication of sync/async DC

· Frame boundary offset in subframe level between MeNB and SeNB
2.3. How MeNB align the measurement gap/DRX for both MCG and SCG 

The UE based reporting procedures to align of DRX and measurement gap occasion are given in Figure 3.
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Figure 3. UE based reporting method

· Step 1: 
· After UE synchronized with MeNB and SeNB separately, the frame boundary timing of MCG and SCG (denoted as “T_mcg” and “T_scg”) (in “µs”) can be obtained.
· The frame boundary timing offset between the two closest MCG and SCG frame boundary can be defined as:
T _Frame_offset = T_mcg - T_scg    [in “µs”]          (1)

· The frame boundary offset reported to the network can be: 

FrameBoundary_offset = floor(T _Frame_offset /1000 )    [ in “subframe”]    (2)   

If FrameBoundary_offset>=0, the frame boundary of MCG is ahead that of SCG as shown in Figure 2(a). On the other hand if FrameBoundary_offset<0, the frame boundary of MCG is behind that of SCG as shown in Figure 2(b). 
· SFN timing difference between MCG and SCG can be calculated from the detected MIBs of MeNB and SeNB.

SFN_offset = SFN_MCG – SFN_SCG   [Frame level] (3)

· The relative timing difference between subframe timing of the signals of PCell and PSCell is up to 33µs in case of synchronous DC, otherwise up to 500µs for asynchronous DC [TS36.133]. As a result the indication of asyn/sync DC can be derived from “T_offset_Frame” by:
	If mod(abs(T_offset_Frame), 500) < 33

             IndicatorSyncDC = true;                   (4-1)

else 

             IndicatorSyncDC = false;                   (4-2)

End


· Step 2: Then UE will report the following parameters to the MeNB.  

· FrameBoundary_offset

· IndicatorSyncDC

· SFN_offset
And FrameBoundary_offset in “Subframe” granularity with other two parameters above is enough to distinguish the measurement gap/DRX configuration ambiguity for SCG. Hence the reporting granularity of FrameBoundary_offset be subframe level.
· Step 3: Based on UE reported parameters, MeNB will configure DRX/gap offset in SCG to make them align with these of MCG from UE perspective by:

· If MCG measurement gap configuration to specify the measurement gap start index (“Gap_offset_MCG”) over a MGRP is known,  the SFN of MCG (“m”) shall be satisfied with 

      mod(m,MGRP/10) = floor(Gap_offset_MCG/10)         (5)

· The SCG measurement gap configuration can be:

· Denoted the SFN index of the first subframe of SCG measurement gap as “n” which can be obtained by:

	When FrameBoundary_offset >= 0, 

          n  = m + SFN_offset ;       (6-1)

elseif  FrameBoundary_offset < 0

          n  = m + SFN_offset – 1;    (6-2)

End


· SCG measurement gap offset can be 

Gap_offset_SCG = mod(Gap_offset _MCG + FrameBoundary_offset, MGRP)  (7)

· Step 4: MeNB will forward the aligned MCG and SCG measurement gap configuration to SeNB

· Step 5: MeNB and SeNB will schedule the data according to these aligned measurement gap/DRX pattern which will be indicated to UE by RRC signaling

Therefore, the following proposal can be drawn as:

Proposal 2: For DC enhancement, UE needs to report SFN/frame boundary offset between MeNB and SeNB. The corresponding RRC signaling is necessary.

In Figure 4 and Figure 5 two cases to exemplify this UE based reporting method for measurement gap/DRX alignment in Rel13 DC enhancement are given. 
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Figure 4. Measurement gap alignment (SCG is ahead of MCG)
In the first example, the frame boundary of SCG is earlier than that of MCG. And assuming the parameters reported to the network are given as shown in Figure 4:

	· SFN_offset = SFN in MIB_MCG – SFN in MIB_SCG= 5
· FrameBoundary_offset = 2
· IndicatorSyncDC = false


And assuming the measurement gap configuration of MCG is 
· Gap_offset_MCG = 0

· MGRP = 40ms

Thus one of aligned measurement gap for both MCG and SCG can be scheduled in:

· MCG:  m = 4, subframe index = {0,1,2,3,4,5} 

· SCG:  n = 4 + 5 = 9, subframe index = {2,3,4,5,6,7,8} 


[image: image4.emf]Sf(0), 

SFN(m)

Sf(1), 

SFN(m)

T_offset 

=T_mcg-T_scg

T_mcg

T_scg

Sf(7), 

SFN(n)

Sf(0), 

SFN(n+1)

Sf(9), 

SFN(m-1)

Sf(6), 

SFN(n)

Sf(0), 

SFN(n)

FrameBoundary

_offset = -3

SFN_offset = SFN in MIB_MCG –SFN in MIB_SCG= 5

IndicatorSyncDC = false

Measurement gap


Figure 5. Measurement gap alignment (SCG is ahead of MCG)
In the second example, the frame boundary of SCG is later than that of MCG. And assuming the parameters reported to the network are given as shown in Figure 5:

	· SFN_offset = SFN in MIB_MCG – SFN in MIB_SCG= 5
· FrameBoundary_offset = -3
· IndicatorSyncDC = false


And assuming the measurement gap configuration of MCG is 

· Gap_offset_MCG = 0

· MGRP = 40ms

Thus one of aligned measurement gap for both MCG and SCG can be scheduled in:

· MCG:  m = 0, subframe index = {0,1,2,3,4,5} 

· SCG:  n = 0 + 5 - 1 = 4, subframe index = {7,8,9, 0, 1,2,3}. This measurement gap will occurred in two contiguous frame. 

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

Proposal 1: In order to align the measurement gap/DRX between MCG and SCG in Rel13 DC enhancement, the following information from UE need to be reported to the network:

· SFN offset between MeNB and SeNB
· Indication of sync/async DC

· Frame boundary offset in subframe level between MeNB and SeNB
Proposal 2: For DC enhancement, UE needs to report SFN/frame boundary offset between MeNB and SeNB. The corresponding RRC signaling is necessary.
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