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1 Introduction
A new WI has been approved on dual connectivity enhancement in [4], where one of topics that are included for investigation is: 
-
UE reporting method on the SFN and subframe offset between MeNB and SeNB (RAN2/4).-
As stated above that RAN2 and RAN4 is mandated to develop procedure and requirements respectively for SFN and subframe offset between MeNB and SeNB. Previously, after the RAN2#85bis meeting RAN4 received a LS on accuracy of the estimated SFN offset between PCell and PSCell in dual connectivity [1]. The LS was discussed during the RAN4#71 meeting and a response was agreed in [2], and detailed in [3],
This contribution discusses the SFN and subframe offset between MeNB and SeNB. We propose a measurement object to this effect. So far the accuracy as such in the estimated timing offset has not been discussed in detail. In this contribution we propose SFN offset accuracy requirements that are derived from existing requirements on tracking of serving cell and timing of initial transmission when e.g. going to ON duration after inactivity in DRX. The underlying assumption is that the SFN offset is reported on a granularity of Ts or some small multiple of Ts.  

2 Definition of SFN and Subframe Offset

2.1 Naming of Measurement Quantity

SFN and subframe timing offset is defined based on the timing difference from MCG to SCG. It is essentially one measurement which reveals both difference in SFNs and the received time difference at the UE. In the specification the measurement can be specified in more compact form such as:

SFN and subframe time difference (SSTD). 

In Figure 1, we show one way of the SFN and subframe offset calculations. We denote SFN indices in MeNB and SeNB with i and j respectively. The SFN and subframe offset in this case will be as follows:

SSTD = [( SFNi - SFNj )*327200 + x]*Ts                                 (Eq.1)
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Figure 1 SFN and subframe offset calculation
Based on the above discussions, we propose the following:

Proposal-1: SFN and subframe time difference (SSTD) is defined as timing difference from MCG to SCG as seen at the UE and as defined in Eq.1.
2.2 Information provided by SSTD

The SSTD as defined in Section 3 provides three different levels of information.
	Information in SSTD
	Benefits

	SFN offset
	This will provide useful information regarding the DRX or measurement gap length implementation. SFN offset will also provide indication on which subframes the interruption may happen in PCell or in PSCell or in SSell(s).

	Frame timing offset
	This will also be helpful together SFN offset to determine the exact subframes which will be affected to e.g. measurement gap length, DRX, etc.

	Subframe timing offset
	Subframe timing offset will provide the information whether synchronous or asynchronous dual connectivity can be supported for the UE. 


2.3 When is SSTD measured?

When a PSCell is activated and configured, the UE decodes the MIB from SCG. Thus, the UE can transmit the SSTD once it decodes the MIB from SCG and it obtains the time synchronization with SCG.

The UE should be configured with SSTD measurement as part of the measurement configuration; the details are to be decided by RAN2. The UE can transmit the SSTD on event triggered basis or periodically as for other measurements.
3 Accuracy requirements analysis

Current requirements on UE accuracy for uplink transmit timing are captured in 3GPP TS 36.133 section 7.1, where the transmit timing is depending on the first detected path of the corresponding radio frame in the downlink. Therefore the UE derives the transmit timing based on the DL reception timing.  Hence the accuracy of the transmit timing is directly dependent on the accuracy of the downlink timing as determined by the UE.

In case the UE has been inactive for some time before the transmission, e.g. due to DRX, the core requirements state that the timing error of the initial transmission shall be:

· Less than ±24 Ts for cell with DL system bandwidth of 1.4 MHz, and

· Less than ±12 Ts for cell with DL system bandwidth of 3 MHz or more.

When a UE is reading MIB from a neighbour cell in order to acquire the SFN it only has to receive over the central 1.4 MHz since PBCH is scheduled in each subframe 0 over the central 6 RBs in the first four OFDM symbols in the second slot. Moreover, since the schedule is prior known to the UE, it only has to receive one subframe in each radio frame until it has acquired the MIB.

Reading MIB from a neighbour cell is similar to the initial transmission scenario referred to above in that the UE has received and based its timing one or a few subframes (e.g. for AGC, AFC, or monitoring PDCCH). Hence we propose that the same requirements are used as the basis for core requirements on SFN difference accuracy, noting that MIB only requires 1.4 MHz bandwidth to be used.
Proposal 2: SFN offset accuracy requirements are to be based on existing timing accuracy requirements for initial transmission, where for the neighbour cell/PSCell a DL system bandwidth of 1.4 MHz shall be assumed.
The timing accuracy of the PCell depends on the activity, hence in case measurement of the SFN offset between the PCell and a neighbour cell is initiated from the PCell after some time of PCell inactivity, e.g. due to DRX, the resulting estimate may be impacted by timing errors both for the PCell and the neighbour cell/PSCell. In worst case a UE fulfilling the existing requirements will estimate the cell timings with errors that have different signs, thus leading to a considerably larger error than for a single cell. Hence we propose the accuracy requirements to reflect this, as well as to reflect the bandwidth of the PCell.

Proposal 3: SFN offset accuracy requirements are to take into account tolerances both for PCell and the neighbour cell/PSCell, as well as the bandwidth of the PCell.
We propose the following core requirements to apply:

Proposal 4: The UE requirements on accuracy of estimated SFN offset between PCell and a candidate PSCell shall depend on the bandwidth of the PCell (reference cell), e.g.
· ±48Ts (±1.6µs) when the DL system bandwidth of the PCell is 1.4 MHz, and

· ±36Ts (±1.2µs) when the DL system bandwidth of the PCell is 3 MHz or wider.

A measurement period (L1 period) over which the SSTD measurement is performed and meets the accuracy also needs to be specified. The measurement period needs to be defined while considering scenarios such as DRX operation, MBSFN subframes where only one symbol contains CRS and TDD where not every subframe is DL. The measurement period should be sufficient enough to allow the UE to acquire the latest timing of both MCG and SCG.
Proposal 5: The UE accuracy requirements should be met over L1 measurement period, which is FFS.

Furthermore, regarding the signal conditions we propose that the requirements apply where the cell is usable for the UE, meaning in general Ês/Iot ≥ -3dB . The reason is that, SFN offset is acquired for PCell and PSCell which are both serving cells. The existing SCell activation requirement is derived under the assumption that Ês/Iot of the SCell is -3dB and above. A UE may receive MIB also under less favourable conditions since it is robustly encoded, but the accuracy regarding the timing offset is then allowed to be worse.
Proposal 6: The requirements on accuracy of estimated SFN offset is to be applicable under the side condition Ês/Iot ≥ -3dB. This does not imply that a UE should not be able to read MIB at lower SINR, but when doing so the accuracy of the estimated SFN offset is allowed to be degraded.

The proposed accuracy would, under favourable signal conditions, allow the SeNB to determine whether the PSCell and other cells in the SCG can be aggregated by the UE. Taking the tolerances into account it would mean that the SeNB can activate the PSCell when the frame timing difference is within ±(30.26-1.6)µs, where 30.26µs is given by 36.300 Annex J.1 and 1.6µs is the proposed tolerance above for PCell with DL system bandwidth of 1.4 MHz. If larger time offset would be needed to support from UE side, e.g. allowing the SeNB to activate a PSCell also when the indicated time difference is ±30.26µs (by which the actual time difference may be 30.26+1.6µs), one could consider the UE being allowed not to fulfil activation of the PSCell should it turn out that the time difference is larger than the UE can handle (i.e. beyond the de facto minimum requirements in 3GPP TS 36.300 Annex J.1).
4 Summary and Conclusion 
The following is proposed regarding the accuracy of the SFN offset:
Proposal 1: SFN and subframe time difference (SSTD) is defined as timing difference from MCG to SCG as seen at the UE and as defined in Eq.1.
Proposal 2: SFN offset accuracy requirements are to be based on existing timing accuracy requirements for initial transmission, where for the neighbour cell/PSCell a DL system bandwidth of 1.4 MHz shall be assumed.

Proposal 3: SFN offset accuracy requirements are to take into account tolerances both for PCell and the neighbour cell/PSCell, as well as the bandwidth of the PCell.

Proposal 4: The UE requirements on accuracy of estimated SFN offset between PCell and a candidate PSCell shall depend on the bandwidth of the PCell (reference cell), e.g.

· ±48Ts (±1.6µs) when the DL system bandwidth of the PCell is 1.4 MHz, and

· ±36Ts (±1.2µs) when the DL system bandwidth of the PCell is 3 MHz or wider.
Proposal 5: The UE accuracy requirements should be met over L1 measurement period, which is FFS.

Proposal 6: The requirements on accuracy of estimated SFN offset is to be applicable under the side condition Ês/Iot ≥ -3dB. This does not imply that a UE should not be able to read MIB at lower SINR, but when doing so the accuracy of the estimated SFN offset is allowed to be degraded.
Based on the discussions in this paper, we propose to send an LS to RAN2 as in [5].
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