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1 Introduction
After the RAN2#85bis meeting a LS was sent to RAN3 and RAN4 on SFN handling in dual connectivity [1]. In dual connectivity the UE will be connected to two eNodeBs simultaneously; MeNB and SeNB. Each of them may have one or more associated SCells which may be configured for DL, or DL and UL CA operation. The SCells are time-aligned to the MeNB and SeNB, respectively, but the MeNB and SeNB may or may not be time aligned with respect to frame timing and/or SFN.

RAN2 agreed the following on how the UE is to acquire SFN timing for SeNB and associated SCell(s) in the SCG:
	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). 



The following input is requested from 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 paper we provide our view on the questions raised by RAN2. 
2 Analysis

Question 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?
The UE can read MIB as part of the activation procedure after having been configured with a SeNB. Earlier standardization work on acquisition of CGI neighbour cell using autonomous gaps ([1]section 8.1.2.2.3) has indicated that it is enough to acquire 3 out of 4 blocks of PBCH from the same 40ms period to successfully decode the MIB under reasonable propagation conditions. Hence taking into account that the initial attempt may start at the 3rd block in the 40ms period, and hence 3 blocks have to be read from the next period, a total latency of 50ms can be expected for the SeNB SFN acquisition.

The calculation as such is easily handled by the UE. It is not clear from the LS what granularity is needed in the reporting, e.g., whether number of complete subframes, complete slots, or even finer granularity is needed. It is our understanding that for instance measurement gaps need to be extended on the SeNB so it provides some margins on either side of the corresponding measurement gap for the MeNB, to accommodate subframe timing differences and to provide margins for individual frequency drift of each eNB. Hence for instance measurement gaps of length 8ms could be used in the SeNB, taking into account a scenario where MeNB and SeNB are perfectly aligned at the point in time when the UE activates the SeNB, but then drift in different directions. Having a granularity of slots will allow the SeNB to select measurement gap offset wisely to provide margins on either side of the MeNB measurement gap. 
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Figure 1: Sketch of 6ms measurement gaps on MeNB and corresponding gaps on SeNB required for overlapping the first gap and to cater for time drift between the eNBs.
Similar for DRX cycles – providing granularity of slots will allow the SeNB to decide whether to use offset k or k+1 to match the offset in MeNB.
Question 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)?
Referring to the analysis for Question 1, it can be expected that the information provided by the UE is accurate enough and has sufficient granularity for the SeNB to select a suitable measurement gap offset and/or DRX cycle offset. 
Question 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)?
Assuming that the SeNB is a Local Area cell, a.k.a. pico cell, with limited radius (up to 200m) the radio propagation as such will not have a significant impact on perceived timing difference between MeNB and SeNB even if the UE moves around within coverage of the pico cell. The difference in propagation delay over 200m distance is 20TS, or about 1/100th of an OFDM symbol. Even in case of Medium Range cell a.k.a micro cell where cell radius is limited to about 500 m, the difference in propagation delay over 500 m is about 50 Ts.
Question 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)? 
Frequency accuracy requirements for Medium Range BS and Local Area BS state that over a period of one subframe the transmitted signal shall be within ±0.1ppm ([2] section 6.5.1). Assuming worst case: that the same tolerance is impacting also the sample frequency and the two base stations are at opposite extremes of the tolerance, the MeNB and SeNB will drift apart by 22TS (about 1/100th of an OFDM symbol) per hour; it will take 694 hours to drift as much as a slot (0.5ms). After that time DRX offset and measurement gap offset will have to be re-aligned. However, most likely the UE has not stayed in connected that long time and consequently it has had opportunity to reassess the timing difference between the eNBs before the expiration of the 694 hours.
3 Proposed Response

Question 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?
Response: Yes, it is feasible that the UE reads MIB of the SeNB as part of the activation procedure and then calculates the time difference between MCG and SCG SFN, with slot granularity. The following shall be observed:
· The activation procedure will be extended by 50ms to allow the MIB (hence the SFN) to be captured.

· Measurement gaps in SCG will have to be longer than MCG to cater for subframe misalignment and independent time drift of MeNB and SeNB. It is suggested that the SCG measurement gaps are 8 subframes.

Question 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)?
Response: Yes, the reported accuracy is expected to be good enough to use for alignment of DRX cycles and measurement gaps. Slot granularity in the reporting is assumed.
Question 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)?
Response: The use case is that the SeNB is a Local Area BS, hence the cell radius is limited to about 200m. Difference in propagation time due to moving around within the SeNB coverage is in the order of 1/100th OFDM symbol (20Ts). Even in Medium Range cell with cell radius limited to about 500 m, the difference in propagation delay over 500 m is about 50 Ts. Hence RAN4 does not foresee any issue with the accuracy of the reported SFN time difference.
Question 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)? 

Response: Assuming that MeNB and SeNB both have to fulfil ±0.1ppm frequency accuracy tolerance, the worst case drift will result in about 1/100th of an OFDM symbol per hour (22Ts/hour). It will take 694 hours to drift one slot. Since it is likely that the UE will have left RRC Connected at least occasionally during that time frame, it is enough to establish SFN timing difference as part of the SeNB activation procedure.   
4 Conclusion

We have analysed and provided suggestions on response to the LS from RAN2 on SFN handling in dual connectivity [1]. A draft LS response is provided in [4]. 
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