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1 
Introduction
In the last RAN4 meeting, a LS [1] from RAN2 requesting RAN4 to provide response on the following questions was received.
	For Dual Connectivity, RAN2 has been discussing the handing of the SeNB SFN upon UE acquisition of SI for the SCG, and e.g. in order to align DRX occasions or measurement gaps between MCG and SCG.

In CA, a common SFN broadcast from PCell is applied to all serving cells assuming that the serving cells are synchronised. However, RAN1 and RAN2 have agreed that the MeNB and SeNB could be unsynchronized in Dual Connectivity, and therefore their SFN could be different. Note that within one Cell Group, i.e. where all of the configured cells belong to the same eNB, the CA synchronization assumptions hold. Therefore, RAN2 discussed how the UE acquires the SFN timing of SCG, i.e. the cell group from the SeNB.

With respect to acquiring the SFN timing of the SCG, two agreements were made in RAN2:

1. For UE acquisition of the SFN timing of SCG, RAN2 intends to rely on the UE acquiring the MIB on the special SCell in the SCG. 

2. In order to e.g. align DRX occasions or measurement gaps between MeNB and SeNB, RAN2 assumes that the network should be able to obtain the SFN timing difference to the MCG for the UE either based on:
· a network based mechanism (including X2 procedure or OAM), or 

· UE reporting (i.e. UE computes the SFN timing difference between SCG and MCG and reports it).

In the first agreement, the UE directly acquires the SFN broadcast from the special SCell (which has PUCCH configured). 
To RAN4:

ACTION: RAN2 respectfully asks RAN4 to provide feedback to following questions: 

1) Is it feasible that the UE calculates the SFN timing difference (if any) between MCG and SCG based on the MIB of the special SCell of the SCG?
2) If feasible, is the solution where the SFN timing difference is provided to SeNB by UE reporting expected to be accurate enough for coordinating SFN between MeNB and SeNB (e.g. to align DRX and measurement gap occasions between MeNB and SeNB)?

3) If feasible, does RAN4 see any issues with the accuracy of the SFN timing difference reported by the UE being valid over a long period of time (e.g. due to change in UE receive timing caused by variations in propagation delay)?

4) For the network based mechanism, does RAN4 see any issues with the SFN timing difference accuracy being valid over a long period of time (due to e.g. time alignment or frequency error)?




In this contribution, we will provide our views on these questions from RAN4 perspective. 
2 
Discussion

1)  Is it feasible that the UE calculates the SFN timing difference (if any) between MCG and SCG based on the MIB of the special SCell of the SCG?
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In practical, the SFN timing differences consist of various other components. It therefore can be represented by

where ΔSFN is the SFN misalignment,  Δpropogation represents the propagation delay difference, which is upper bounded by 30us in typical network setup. ΔTx and ΔRx denote the transmit and receive timing difference respectively. If the network is asynchronous, ΔTx can be as large as 0.5ms. Obviously, ΔSFN dominates the SFN timing difference. 
The term of SFN misalignment can be defined as:
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 is the system frame number of MCG which can be obtained in the MIBs of the serving cells in MCG (denoted as “PCell”[2]) directly. 
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 is the system frame number of SCG. 
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 can be known by acquiring MIBs in a special cell (denoted as “pSCell” [2]) in SCG. UE is always listening to the broadcast information of pSCell but not to other cells in SCG [2]. 

Therefore a correct SFN timing difference is upon not only MIBs from the PCell in MCG but also MIBs broadcasted by pSCell in SCG. Providing UE’s geometries of PCell and pSCell is good enough to meet PBCH detection performance requirements (e.g. -6.1dB @1% PM-bch [3]), UE should be able to acquire MIBs and calculate the SFN timing difference between MCG and SCG in Dual connectivity correctly.

Observation 1:  It is feasible that UE can obtain accurate SFN timing difference in Dual connectivity by acquiring MIBs of PCell in MCG and pSCell in SCG. 
Compared to ΔSFN and ΔTx in the asynchronous network, Δpropogation and ΔRx can be neglected. This is especially the case when we consider both DRX and measurement gap occasion alignment should be in the subframe level (or in a scale of millisecond).

In this case, SFN timing difference in Dual connectivity essentially depends on the SFN misalignment ( ΔSFN) and the reference clock misalignment. It is obvious both of them are fairly time constant and a network specific. As a result, it can be conveyed between SeNB and MeNB via X2 [2] directly. The network based mechanism, including X2 procedure, is more efficient in this case than UE reporting. Practically, it may happen that multiple UEs are connected with the same MeNB and SeNB. In case of UE reporting, the identical information will be reported from different UEs. This essentially wastes the UL resources. Therefore, it is proposed

Proposal 1: The network should be able to obtain the SFN timing difference to the MCG for the UE either based on a network based mechanism (including X2 procedure or OAM).
2) If feasible, is the solution where the SFN timing difference is provided to SeNB by UE reporting expected to be accurate enough for coordinating SFN between MeNB and SeNB (e.g. to align DRX and measurement gap occasions between MeNB and SeNB)?

In [4] the DRX and measurement gap configuration is based on subframe index. For example, 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 [4]:

	SFN mod T = FLOOR(gapOffset/10);

subframe = gapOffset mod 10;

with T = MGRP/10 as defined in [5];


Therefore in order to align DRX and measurement gap occasion between MeNB and SeNB, the subframe level timing accuracy is required at least. 

And because RAN1 and RAN2 have agreed that the MeNB and SeNB could be unsynchronized in Dual Connectivity, even if SFN and subframe boundaries of these two eNBs are aligned, the maximum timing difference can be half of subframe as shown in Figure 1 below. 
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Figure 1.  Timing difference with SFN and subframe alignment in DC
Observation 2:  The measurement gap can’t be aligned completely in case of unsynchronized network. The maximum timing difference after SFN and subframe alignment can be +/-0.5 subframe, which may lead about 1ms additional interruption time in the single chip RF-IC implementation. As a result, the gap length in current spec shall be extend from 6ms to [6+1]ms in DC.

Proposal 2-1: Due to up to 0.5ms of the maximum subframe boundary timing difference in DC unsynchronized scenario, the measurement gap length shall be extended to [6+1]ms . 

Alternatively, if the existing measurement gap configurations are preferred unchanged, it is proposed

Proposal 2-2: In DC unsynchronized scenario, the subframe boundary should be aligned with up to 33us misalignment at UE.

Assuming the gap length is sufficient to allow the timing misalignment between MeNB and SeNB, The procedures to align of DRX and measurement gap occasion can be given in Figure2 and Figure3 below for network based option and UE report option respectively: 
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Figure 2. Network based DRX/Measurement gap alignment
· Option 1: Network based  

· When “SCG modification request” is initiated by SeNB, SFN and the reference clock information of SCG will be informed to MeNB.

· MeNB can obtain the timing offset with SeNB by practical synchronization schemes (e.g. GPS, IEEE 1588v2, open and closed loop network listening [6]). That is the timing offset between MCG and SCG in term of subframe can be known also to MeNB even without UE synchronization timing information.

· MeNB will configure the suitable DRX/gap offset in SCG to make them align with these of MCG from UE perspective.    
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Figure 3. UE report based DRX/Measurement gap alignment
· Option 2: UE report based 

· When “SCG modification request” is initiated by SeNB, UE get SFNs of MCG and SCG by detecting MIBs broadcasted by PCell in MCG and sPCell in SCG.

· SFN timing difference between MCG and SCG can be calculated in UE.
· After UE synchronized with MeNB and SeNB separately, the subframe timing offset between MCG and SCG can be obtained also. 

· UE will feedback SFN difference and subframe timing difference to MeNB. 
· Based on the reported SFN difference and subframe timing difference, MeNB will configure DRX/gap offset in SCG to make them align with these of MCG from UE perspective.    
Observation 3: In order to align of DRX and measurement gap occasion between MeNB and SeNB, both SFN timing difference and subframe timing difference in DC are needed.  

Observation 4: Both network based mechanism and UE report mechanism to align DRX and measurement gap occasion between MeNB and SeNB are feasible. However, as the network mechanism requires less system signaling, it is more efficient and accurate than UE report mechanism.
3) If feasible, does RAN4 see any issues with the accuracy of the SFN timing difference reported by the UE being valid over a long period of time (e.g. due to change in UE receive timing caused by variations in propagation delay)?

Among ΔSFN, Δpropogation, ΔTx and ΔRx, only Δpropogation and ΔRx may vary over time. The receiving time variation between MeNB and SeNB due to the propagation delay depends on the propagation distance difference between them. Regarding the possible deployment scenarios ,DC is almost same as CA, the maximum propagation delay difference for DC should be the same as that for CA which is about 30us. ΔRx should be also in a scale of microsecond. Compared to DRX and measurement gap configuration which are defined in the subframe level, the variation of Δpropogation and ΔRx can be neglected over a long period of time. 
Observation 5: UE receive timing difference between MeNB and SeNB caused by propagation delay will impact little on SFN timing difference between MeNB and SeNB in DC. 

4) For the network based mechanism, does RAN4 see any issues with the SFN timing difference accuracy being valid over a long period of time (due to e.g. time alignment or frequency error)?

For network based mechanism, MeNB can calculate SFN timing difference based on SFN of MCG and SFN of SCG which is conveyed by X2 interface directly. Obviously SeNB can update its SFN to MeNB before it expired over a long period. And on the other hand, regarding the carrier frequency error in [3] is within ±0.1 PPM, if SeNB reports SFN to MeNB every 1024 frames which is maximum SFN index, the accumulated timing error will about 1us which is far less than 1 subframe. In other words, the SFN difference accuracy can be valid over every long period, e.g. 1024 frames.  
Observation 6: The SFN difference accuracy can be valid over every long period, e.g. 1024 frames.
3 
Conclusion
In this contribution, the feasibility to obtain accurate SFN timing difference in DC by either network based mechanism and UE report based mechanism is addressed. In principle, from RAN4 perspective it is feasible that SFN timing difference between MCG and SCG can be used to align DRX and measurement gap in MCG and SCG.
In conclusion, the following observations and proposals can be drawn: 
Observation 1:  It is feasible that UE can obtain accurate SFN timing difference in Dual connectivity by acquiring MIBs of PCell in MCG and pSCell in SCG. 
Observation 2:  The measurement gap can’t be aligned completely in case of unsynchronized network. The maximum timing difference after SFN and subframe alignment can be +/-0.5 subframe, which may lead about 1ms additional interruption time in the single chip RF-IC implementation. As a result, the gap length in current spec shall be extend from 6ms to [6+1]ms in DC.
Observation 3: In order to align of DRX and measurement gap occasion between MeNB and SeNB, both SFN timing difference and subframe timing difference in DC are needed.  

Observation 4: Both network based mechanism and UE report mechanism to align DRX and measurement gap occasion between MeNB and SeNB are feasible. However, as the network mechanism requires less system signaling, it is more efficient and accurate than UE report mechanism.

Observation 5: UE receive timing difference between MeNB and SeNB caused by propagation delay will impact little on SFN timing difference between MeNB and SeNB in DC. 

Observation 6: The SFN difference accuracy can be valid over every long period, e.g. 1024 frames.
Proposal 1: The network should be able to obtain the SFN timing difference to the MCG for the UE either based on a network based mechanism (including X2 procedure or OAM).
Proposal 2-1: Due to up to 0.5ms of the maximum subframe boundary timing difference in DC unsynchronized scenario, the measurement gap length shall be extended to [6+1]ms . 

Alternatively, if the existing measurement gap configurations are preferred unchanged, it is proposed

Proposal 2-2: In DC unsynchronized scenario, the subframe boundary should be aligned with up to 33us misalignment at UE.
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