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Discussion and decision
1   Introduction
NGMN sent LS [1] to RAN1, RAN3 and RAN4, to request the following actions:

"consider the possibility of liaising with ITU-T SG15/Q13 in order to propose to start a cooperation in the specification of the necessary synchronization functions in the base stations when using IEEE1588v2 technology, based on the radio air interface requirements specified by the 3GPP. This would include:
· For frequency synchronization: specification of the characteristics of the synchronization functions to be implemented in a base station supporting the IEEE1588v2 telecom profile for frequency distribution specified by the ITU-T (G.8265, G.8265.1)

· For phase/time synchronization: specification of the characteristics of the synchronization functions to be implemented in a base station supporting the IEEE1588v2 telecom profile for phase/time distribution under specification at the ITU-T (future G.8275, G.8275.1)"

During the meetings of RAN1, RAN3 and RAN4 in Barcelona, [2], [3] and [4] have been proposed respectively, and it has been decided to formally discuss this LS at RAN plenary.

This paper explains in more details the rationale behind this LS and proposes a way forward for 3GPP RAN plenary to address this request. 
2   Discussion
The Liaison Statement from NGMN addresses new technologies for delivery of synchronization to the base station, based on the IEEE1588-2008 protocol, also known as Precision Time Protocol version 2 (PTPv2). Contrary to existing techniques for delivery of synchronization to the BS which are already specified or referenced in 3GPP standards (e.g. TDM signals or Synchronous Ethernet, which generally refer to ITU-T standard for the requirements at the input of the base stations), the use of the IEEE1588 technology is not currently specified by the 3GPP as a possible solution. ITU-T is currently strongly involved in the standardization of this protocol for telecom applications, especially for mobile networks, via the definition of PTP telecom profiles, as mentioned in [1].

Specifying the end-to-end performance requirements of the synchronization chain when the timing is delivered by the network to the eNodeBs is important for operators to ensure the practical usefulness of the IEEE 1588v2 technology. Indeed, a poor standardization of these aspects would very likely lead to an important deployment complexity for the operators, because the E2E network engineering of the synchronization distribution would need to account for different synchronization functions characteristics/performances in base stations from different suppliers. This complexity, further described in the next sections, would certainly limit the number of deployments of the IEEE 1588v2 technology, and possibly prevent certain operators from using it in the field.

Note that only the base station (single mode or multi-mode) equipments are normally concerned by this discussion, not the other nodes of the mobile RAN or core network. The main technology in the scope of this discussion is LTE/LTE-A, which may require frequency synchronization only, or also phase/time synchronization, depending on the options that are used (see more details in next sections). Relays and repeaters are normally out of scope of this discussion, because they are assumed to recover their synchronization reference via the radio signal of the macro BS. Pico, micro, femto might be in the scope of this discussion (mainly for frequency recovery, although phase/time might also theoretically be applicable). Note that the main focus of ITU-T is on macro eNodeBs at the moment.
The following sub-sections discuss more in details the technical aspects related to synchronization when considering the two PTP (Precision Time Protocol) telecom profiles specified by ITU-T: (1) PTPv2 profile for Frequency Distribution and (2) PTPv2 profile for Phase-Time Distribution.
2.1

IEEE 1588v2 telecom profile for frequency distribution

Frequency synchronization of eNodeBs is very important in FDD networks for various reasons, for instance in order to avoid radio interferences and to permit proper handover operations. While existing techniques based on physical layer synchonization exist and are widely used today (e.g. TDM signals, Synchronous Ethernet), there might be cases where these techniques may not always be applicable, e.g. in case the entire backhaul network connecting the eNodeB to the rest of the network is not owned by the mobile operator, or in case not all the equipments of the mobile backhaul would support Synchronous Ethernet function. 
In order to address these new contexts, a first PTP (Precision Time Protocol) telecom profile has been released in 2010 by ITU-T in Recommendations G.8265 and G.8265.1 (called here “PTPv2 for frequency distribution”). This profile aims at delivering only frequency synchronization in a network architecture where the network transport nodes between the PTP master (PTP element having access to a synchronization reference) and the PTP slave (possibly embedded in the eNodeB) do not experience timing support for PTPv2 (no Boundary Clock or Transparent Clock), the PTP messages being forwarded like any other frames by these nodes. This architecture is illustrated in figure 1 below.
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Figure 1: Architecture of the IEEE 1588v2 telecom profile for frequency distribution
In the architecture presented in figure 1, the main parameter impacting the performance of the PTPv2 slave embedded in the eNodeB is the Packet Delay Variation (PDV) generated by the network, also known as packet jitter. This is due to the fact that the PTPv2 messages are delayed differently in the buffers of the network transport nodes, and this delay variation can be seen as a frequency error by the PTP slave, which must therefore filter this PDV and tolerate its variation in order to meet the air interface requirements.
ITU-T is actively working on the specification of PDV network limits (E2E PDV budget), corresponding to the maximum amont of PDV that a network is allowed to produce to consider it as suitable for packet synchronization. ITU-T currently plans to specify all the synchronization performance requirements (including PDV related requirements…) of the PTP master and of the PTP slave in case the latter is external to the eNodeB. However, ITU-T is not directly working at the moment on the PDV requirements of the eNodeB in case a PTPv2 slave is embedded in the eNodeB.
As it is expected that in most of the cases, the PTP slave function would be embedded in the eNodeB, it is of crucial importance that synchronization performance requirements of the input of the eNodeB are specified in a consistent way with ITU-T studies, for instance to ensure that the eNodeB tolerates the PDV network limits specified by ITU-T.
The eNodeB PDV related requirements for the PTPv2 telecom profile for frequency distribution are not specified today neither in 3GPP nor directly in ITU-T.

In case the PDV related requirements are left proprietary, the criteria to filter the PDV will be eNodeB implementation dependant, and makes it difficult for the operator to ensure that the PDV tolerance of all PTPv2 slaves embedded in the eNodeBs will be met. And even if it is possible to do so, the operator would have to spend time and efforts analysing the PDV filtering algorithm on a case by case basis, which raises complexity and cost issues for the operator compared to having a common and well defined minimum PDV requirements.
We think it is sufficient to only specify performance requirements (e.g. the Packet Delay Variation tolerance of the eNodeB in the case of frequency synchronization to meet a certain performance objective at the air interface) in order to leave enough flexibility to the implementations of the synchronization functions inside the eNodeB.
2.2

IEEE 1588v2 telecom profile for phase/time distribution

Accurate phase/time synchronization of eNodeBs is very important in TDD networks, but also when certains options are used in FDD networks (e.g. MBSFN, or possibly some CoMP schemes, still under study by the 3GPP). Due to the stringent requirements implied by these options (a common phase/time reference needs to be delivered to the eNodeB with an accuracy around the microsecond), the main solution widely used today by the operators facing these needs is based on Global Navigation Satellite Systems (GNSS) solutions, such as GPS (or Galileo in the future). While these GNSS solutions are suitable to deliver the required performance, they also suffer from several drawbacks, such as their applicability indoors or in street canyons or the cost of the antenna installation. Several operators are therefore currently investigating alternate solutions, and the IEEE1588 protocol can be a valid option in some cases to deliver accurate phase/time reference by the network.

In order to address these new contexts, a second PTP telecom profile is currently under development by ITU-T. This second profile aims at delivering accurate phase/time synchronization (i.e. µs accuracy objective) in a network architecture where all the network nodes between the PTP master (PTP element having access to a synchronization reference) and the PTP slave (possibly embedded in the eNodeB) include hardware timing support for PTPv2 (the current focus is on the Telecom Boundary Clock function (T-BC)). This architecture is illustrated in figure 2 below.
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Figure 2: Architecture of the IEEE 1588v2 telecom profile for phase/time distribution

In the architecture presented in figure 2, the PDV has now no impact anymore on the performance of the entire system, thanks to the timing support for PTPv2 in the network transport nodes (e.g. T-BC). Indeed, the buffers in the equipment are for instance by-passed with such support.

However, relevant synchronization requirements in the eNodeB are still of high importance in order to properly specify the end-to-end chain. Among the aspects to account for, the following can be listed:

· Noise tolerance of the PTP slave embedded in the eNodeB: the eNodeB must be able to tolerate the noise on the phase/time reference contained in the PTPv2 messages that have been carried over the network (this noise being mainly due to the T-BC functions and to the primary reference delivered to the PTP master).
· Filtering of the phase/time information: the eNodeB must be able to filter properly the noise on the phase/time reference contained in the PTPv2 messages that have been carried over the network. The characteristics of this filtering may need to be properly specified in order to allow for interoperability to meet the air interface requirements.

· Noise budget allocated to the synchronization functions in the eNodeB: when a phase/time reference is carried over the network, it experiences some degradation during its transport, due to several possible phenomenas (e.g. not perfect primary reference, asymmetries, error in the timestamping, etc…). In order to specify properly the entire chain, a budgeting exercise needs to be done in order to allocate to different segments of the network a relevant portion of the entire budget, corresponding to the air interface requirement. Since the eNodeB is part of the chain, a suitable budget needs also to be allocated to this equipment. Indeed, an actual eNodeB implementation adds its contribution to the noise that degrades the quality of the input reference synchronisation delivered to the eNodeB.
The same as for the frequency distribution case, ITU-T currently plans to specify all the synchronization functions of the PTP master, of the network transport nodes (e.g. T-BC) and of the PTP slave in case it is external to the eNodeB, but not at the moment those in the eNodeB in case of a PTPv2 slave embedded in the eNodeB. 
For the same reasons as explained above for the frequyency distribution case, it is important that the synchronization requirements of the eNodeB are specified in a consistent way with ITU-T studies.
Again, we think it is sufficient to only specify performance requirements (e.g. the time error budget of the eNodeB in case of phase/time synchronization, to meet a certain performance objective at the air interface) in order to leave enough flexibility to the implementation of the synchronization functions inside the eNodeB.
2.3

Conclusion
This paper has presented the rationale for specifying the synchronization functions characteristics inside the eNodeB when new technologies based on the IEEE1588 protocol are considered. Note that existing techniques based on the physical layer (e.g. TDM signals, Synchronous Ethernet) for synchronizing BSs are out of the scope of this paper.

ITU-T is currently strongly involved in the standardization of the IEEE1588 protocol for telecom applications, especially for mobile networks, via the definition of two PTP telecom profiles. This protocol is a valid option to deliver accurate frequency and/or phase/time distribution to satisfy FDD/TDD networks requirements.
ITU-T currently plans to specify all the synchronization functions of the PTP master, of the network transport nodes and of the PTP slave in case it is external to the eNodeB, but not at the moment those in the eNodeB in case of a PTPv2 slave embedded in the eNodeB.

Contrary to existing techniques for delivery of synchronization to eNodeBs which are already specified or referenced in 3GPP standards (e.g. TDM signals or Synchronous Ethernet), the use of the IEEE1588 technology is not currently specified by the 3GPP as a possible solution.

So far 3GPP normally defines synchronization requirements at the eNodeB output (air interface) in RAN4 and generally refers to ITU-T Recommendations/standard for the eNodeB input (input port) requirements in RAN3.

In case these requirements are left proprietary, the criteria to filter the PDV or the noise, depending on the case, will be eNodeB implementation dependant, and make it difficult for the operator to ensure that all PTPv2 slaves imbedded in the eNodeBs will meet the PDV/noise tolerance. And even if it is possible to do so, the operator would have to spend time and efforts analysing the filtering algorithm on a case by case basis, which raises complexity and cost issues for the operator compared to having common and well defined minimum requirements.
In order to achieve the goal of specifying the end-to-end synchronization performance with new techniques based on the IEEE1588 protocol, the performance requirements of the synchronization functions inside the eNodeB (input port) need to be properly specified, taking into account the on-going work in ITU-T. The ouput synchronisation requirements of the eNodeB are already defined today in 3GPP RAN4. However, the synchronisation requirements at the input of the eNodeB are not specified today neither in 3GPP nor in ITU-T for the IEEE1588 technology, but are however an important piece of the overall architecture for the synchronization distribution developped by ITU-T according to [1]. The internal eNodeB synchronisation functions are part of an end to end chain that is under specification by ITU-T, which has therefore a detailed knowledge about it.

In order to leave enough flexibility to the implementations, the specification of the synchronization functions at the input of the eNodeB could simply be achieved by means of performance requirements (e.g. the Packet Delay Variation tolerance of the eNodeB in the case of frequency synchronization, or the time error budget of the eNodeB in case of phase/time synchronization, to meet a certain performance objective at the air interface).
To address the request from NGMN, it is expected to be sufficient to confirm to ITU-T that 3GPP does not specify the synchronization functions requirements inside the eNodeBs (input of base station), but only defines synchronization requirements at the eNodeB output (over the air interface) and refers in general to ITU-T Recommendations for the input port. Based on this confirmation, it would then be up to ITU-T to decide whether they need to specify extra synchronization requirements or not as part of their on-going studies on the PTP telecom profile.

In case ITU-T would decide to undertake this specification work, it would be useful to communicate to them the synchronization performance requirements specified in 3GPP today. 

According to the 3GPP working procedures, the reply LS to ITU-T and NGMN P-OSB should be handled by RAN plenary. A proposed response to the NGMN LS is proposed in [5] in line with the way forward proposed below.
3   Proposed way forward
The following way forward is proposed for RAN:
RAN plenary to send an LS to NGMN P-OSB and ITU-T SG15/Q13, with copy to RAN1, RAN3 and RAN4 with the following information:

A. 3GPP defines synchronization requirements at the eNodeB output (Radio air interface) in RAN4 and generally refers to ITU-T Recommendations/standard for the eNodeB input (input port) requirements in RAN3.
B. The synchronization requirements defined in 3GPP can be found in TS 36.133 and TS 36.104 for E-UTRA and in TS 25.123, TS 25.104, TS 25.105, TS 25.402 and TS 25.346 for UTRA. 

C. 3GPP is not working so far on the specification of the synchronisation requirements related to IEEE1588 technology. If that would happen, 3GPP would follow the process described under bullet point (A) as for the existing techniques for delivery of synchronization to the base station and would refer to ITU-T recommendations if available. 
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