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1 Introduction
This document aims at clarifying the frequency synchronization requirement that has been defined by 3GPP at NodeB input (Iub side). It is addressed both to RAN3 and RAN4 as this topic is supposed to be a transverse issue to both WG. Here, we only focus on frequency synchronization (phase synchronization is not considered) and on UMTS (LTE is not envisaged).
IP was introduced in 3GPP Release5 as an option for the Transport Network Layer (TNL). Since then, some operators have started replacing their legacy ATM backbone and backhaul by Packet Switched Networks (PSN) ones so that to support Iub flows. The use of PSN as TNL may have an impact on the stability of the 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 synchronization reference signal that is provided to NodeB still ensures a good functioning. To do so, the only solution is to design the backbone and backhaul based on the synchronization requirements defined by 3GPP standards. 

3GPP specifications regarding frequency stability and accuracy are presented in [1], [2] and [3]. 3GPP standards assume that synchronization is distributed in a hierarchical way from Core Network to RNC, then from RNC to User Equipment (UE). Further information can also be found in [4], [5] and [6].
In the current document, existing 3GPP frequency synchronization requirements are presented first. Then, inaccuracies of existing 3GPP synchronization requirements are highlighted. Lastly, a way forward aiming at clarifying frequency synchronization requirements at the NodeB input is proposed.
2 Existing 3GPP synchronization requirements

Following sections recap existing 3GPP requirements in terms of synchronization that are defined for:

· the Uu interface, 

· the NodeB,

· the NodeB input. 
The original text is written in "blue". The goal of section 2 is to understand the origin of existing synchronization requirements that have to be reached at the NodeB input (Iub side).
2.1 Specification relative to the Uu interface

Frequency error minimum requirements are defined as follows in [1]: 

"The modulated carrier frequency of the BS shall be accurate to within the accuracy range given in table 6.0 observed over a period of one timeslot.

Table 6.0: Frequency error minimum requirement

	BS class
	Accuracy

	Wide Area BS
	±0.05 ppm

	Medium Range BS
	±0.1 ppm

	Local Area BS
	±0.1 ppm


"
These values were chosen in order to consider the NodeB frequency error to be negligible with respect to the frequency error due to the Doppler shift [7]. In the current document, we don't discuss the requirements that are clearly defined for the Uu interface. 
2.2 Specification relative to the NodeB

In order to provide the frequency error minimum requirement presented in 2.1, the clock to be implemented in NodeB shall comply with requirements as presented in [3]:
"The clock to be implemented in UTRAN Nodes shall be chosen with characteristics that depend on the L1 adopted (…) and on Network Synchronization strategy adopted. Already standardized clocks may be used (see references [2], [3], 462-4, 462-5 and 462-7."

"References [2] and [3]" correspond to [5] and [6]. 
The following requirement is also defined in [4] when considering an unsynchronized IP layer1:
"When Layer 1 unsynchronised option is used, the following requirements shall be met:

The support of any suitable physical layer - like Ethernet L1 or other suitable point-to-point or point-to-multipoint techniques shall not be prevented."
2.3 Specification relative to the NodeB input
To meet the frequency error minimum requirement presented in 2.1, an accurate frequency reference has to be provided to the NodeB. This function is referred to as Network synchronization in [3]:
"Network synchronization related to the distribution of synchronization references to the UTRAN Nodes and the stability of the clocks in the UTRAN (and performance requirements on UTRAN internal interfaces). The distribution of an accurate frequency reference to the network elements in the UTRAN is related to several aspects. One main issue is the possibility to provide a synchronization reference with a frequency accuracy better than 0.05 ppm at the NodeB in order to properly generate signals on the radio interface (see references [10], [17]). 

A general recommendation is to supply a traceable reference according to reference [18]."
"[10], [17] and [18]" correspond respectively to [1], [2] and [8]. According to [8], the reference signal to be provided to NodeB shall comply with a long term frequency offset less than 
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3 Inaccuracies of existing 3GPP synchronization requirements

Current evolution of access network leads to move from an ATM to a PSN TNL. The question of the distribution of the synchronization over PSN is then raised, because this kind of network is by nature asynchronous. We paid a particular attention to 3GPP standard understanding and some points remain unclear. The goal of this section is to highlight the inaccuracies of existing synchronization stability requirements at the input of the NodeB.
Indeed, 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. Many issues are met when translating 3GPP synchronization requirements at the NodeB input (see [3]) into a MTIE mask. Complimentary metrics (e.g. TDEV) could be also used to capture possible synchronization behaviors that cannot be measured by MTIE mask.
The first problem to consider deals with the 0.05ppm required accuracy. The time scale over which the 0.05ppm accuracy shall be reached is defined for the Uu interface (one radio time slot) but not at the input of the NodeB (Iub side). A time slot lasts 0.667 ms. It is a very short interval and this requirement is more stringent than the requirement for a Primary Reference Clock. We can suppose that in the short term, the stability requirement at the input of the NodeB can be relaxed according to the filtering capabilities of the NodeB. Nevertheless, this is still an open issue.
The second problem is that nothing is defined between the 0.05ppm requirement (a priori short or mid-term requirement) and the long-term requirement PRC traceability. Synchronization requirements should be specified on all time periods by using formal references at near, medium and long term.
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). G.823 ITU-T transport and synchronization MTIE masks are also presented for information. These ITU-T references could be used by 3GPP to strictly specify the synchronization requirements.
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Figure 1 Required MTIE mask for UMTS (0.05ppm + PRC traceability)
Actually, the issue that is met by operators when migrating to PSN to support Iub flows is that 3GPP has not defined a MTIE mask corresponding to the quality of the rhythm to be delivered to each NodeB and there is no existing 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.

4 Proposal
Proposal 1: It is proposed that RAN3 and RAN4 agree to specify the synchronization frequency stability to be applied at NodeB input for all BS classes.

Proposal 2: It is proposed that RAN3 and RAN4 start discussing the MTIE mask to be applied at NodeB input for all BS classes.
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