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1 Introduction
Different options for achieving eNB Node Synchronization were discussed in previous RAN3 meetings. The discussion mainly focused on phase synchronization as it is required to provide the means for delivering synchronized content from multiple eNB transmitters, either as part of a MBMS feature or TDD transmission. It was then decided to standardize a logical port at eNB that can be used for reception of timing input independent of synchronization method chosen.
In addition, as mentioned in [1], frequency synchronization is also required to maintain stability of the clocks in eNB. It could be derived from a phase synchronization source when available but it could also be provided via a separate source e.g. the transport network. It must be kept in mind that frequency synchronization will be the only synchronization required in many scenarios.
The current document aims at presenting the need to standardize the frequency stability that is required at the input of the eNB in case no phase synchronization is available on the eNB. It is addressed both to RAN3 and RAN4 as this topic is supposed to be a transverse issue to both WG.
2 Discussion
2.1 R99 case

Currently, a major issue is met by 3G operators when willing to migrate their ATM-based Transport Network Layer (TNL) to an IP-based one. Indeed, the use of Packet Switched Network (PSN) to support Iub flows may have an impact on the stability of the frequency synchronization reference signal that can be provided to the NodeB. Thus, one main concern that are facing operators when moving to PSN is that the frequency synchronization reference signal that is provided to NodeB still ensures a good functioning of the UTRAN. To do so, the only solution is to design their backbone and backhaul based on the synchronization requirements defined by 3GPP standards. 

Synchronization requirements are usually characterized by a Maximum Time Interval Error (MTIE) mask. MTIE gives the frequency stability we can expect over a certain specified span of time in the tested network configuration. This is a standard quantity to be compared to a mask given in international norms ITU-T; this mask fixes the maximum tolerable frequency variations at short, mid and long term. Complimentary metrics (e.g. TDEV) could be also used to capture possible synchronization behaviors that cannot be measured by MTIE mask.
Many issues are met when translating 3GPP synchronization requirements at the NodeB input (see [2]) into a MTIE mask. The following MTIE mask is given as an example. It aims at summarizing existing requirements and highlights the limits of existing synchronization stability 3GPP requirements at NodeB input. Indeed, nothing is defined between the short-mid term (0.05ppm) and the long-term (PRC traceability). G823 ITU-T transport and synchronization MTIE masks are also presented for information.
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Figure 1 Required MTIE mask for UMTS (0.05ppm + PRC traceability)
Figure 1 illustrates the fact that there is no existing 3GPP standard clearly specifying the frequency synchronization stability target that ensures a correct functioning of the UTRAN in a multi-vendors environment. This lack of information is one of the major brakes on growth of PSN to support the UTRAN TNL.

2.2 LTE case
It was agreed by RAN3 to implement an IP-based TNL to support the S1 and X2 interfaces. Thus, S1 and X2 interfaces will be supported by PSN. As mentioned before, frequency synchronization will be the only synchronization required in many scenarios and it will be provided via the transport network in case no phase synchronization is available on the eNB. Three families of solutions have been designed to fulfill the 3GPP requirements regarding frequency synchronization:
· Availability of a network reference clock at the eNB (typically GPS, GNSS),

· Physical transport of the synchronization over the PSN (Synchronous Ethernet Layer 1)

· Packets-based methods over PSN (IEEE 1588, NTP, …)
The preferred choice of technique to provide frequency synchronization is very much dependent on eNB application and it is difficult to find one single method that is suitable for all cases.
3 Conclusion

It seems inappropriate to choose one of the solutions (see section 2.2) enabling frequency synchronization as part of LTE standardization. 
However, the choice of the solution to implement will be highly dependent on the frequency synchronization stability requirement that will be defined at the eNB input. It is of major importance to define frequency synchronization stability requirement at eNB input in terms of MTIE in order to be able to design the backbone and backhaul in a multi-vendors environment. In addition, it is likely that frequency stability requirements will depend on the eNB class that will be considered. Hence, the definition of MTIE masks specifying the frequency synchronization stability to be applied at the eNB input for all kinds of eNB class would be highly beneficial in order to be able to design the backbone and backhaul in a multi-vendors environment.

4 Proposal
We propose the following text proposal to be captured in TS 36.300, subsection Synchronization to chapter 4 Overall Architecture.
MTIE masks specifying the synchronization frequency stability to be applied at eNB input and for each class of eNB is FFS and will be defined during the stage 3 work.
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