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ITU-T Study Group 15 (Q13/15) would like to thank 3GPP RAN for the liaison statement “Response to NGMN LS RP-110476 on coordination between ITU-T and 3GPP on synchronization” (ref. 1). The liaison has been discussed during the York interim meeting, September 26 - 30, 2011.

ITU-T Question 13/15 is indeed currently working on the specification of synchronization solutions based on packet-based timing and in particular on the IEEE1588TM-2008 protocol in order to support the needs of mobile networks.

The distribution of timing references across the networks within well defined performance objectives (either to guarantee the proper traffic transport or to support operations of various applications, such as mobile networks) is a key aspect in the scope of Q13/15 studies. 

Depending on the requirements, the distribution of reference timing signals may correspond to the delivery of frequency synchronization reference timing signals, or to the delivery of phase and time synchronization reference timing signals, or both.

During last few years Q13/15 has developed new methods to allow the distribution of references timing signals over packet networks:

· physical layer methods, e.g. Synchronous Ethernet (see G.8262, G.8264, G.8261)

· packet timing methods,  e.g. using the IEEE1588-2008 protocol (ongoing work; partly completed)

The needs of mobile applications are among the main reason for these studies. As examples, Q13/15 studies aims at supporting frequency synchronization requirements such as defined for instance in 3GPP TS 36.104, i.e. 50 ppb on the radio interface, and phase/time synchronization requirements such as defined for instance in 3GPP TS 36.133, i.e. 3 microseconds maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas. Future requirements which might be defined as part of LTE-Advanced discussions in 3GPP are also planned to be considered by Q13/15.

The use of packet timing methods to support such requirements involves the definition of various aspects: Network architecture and protection, Protocol interoperability (e.g. IEEE 1588 Telecom Profile), Clock performance, Network Limits, etc… Q13 studies the performance of the entire chain involving several types of clocks, from the primary reference down to the input of the final node requiring the timing reference (e.g. the base station). All the elements of the chain are important and need to be understood in terms of their timing aspects so that the overall performance would be guaranteed.

In current Q13/15 studies, different considerations apply in case of frequency synchronization and phase/time synchronization as highlighted below when IEEE1588-2008 protocol is used.

Distribution of frequency synchronization with IEEE1588-2008 (frequency telecom profile)

For the distribution of frequency with IEEE1588-2008, some aspects have already been completed, e.g. definition of the general architectural requirements (G.8265), IEEE 1588 telecom profile for frequency synchronization (G.8265.1) which ensures the protocol interoperability, and overall target objectives (G.8261).

The performance aspects of this profile are currently under study. It includes the definition of relevant Packet Delay Variation (PDV) metrics (G.8260), as well as network PDV accumulation and PDV network limits (G.8261.1). It also includes the definition of the expected performance to be achieved by packet slave clocks (G.8263). 
The work is currently ongoing and the initial part is expected to be completed by the end of 2011. Some follow-up is expected during 2012-2013 time frame.

Regarding mobile networks, Q13/15 plans are in a first step (2011 time frame) to define the performance objectives of a network where the packet slave clock is external to the base station and delivers an outgoing TDM timing reference (e.g. 2,048 MHz) to the base station. This is shown by use case C1 in the figure 1 below. In this case, it was possible to make reference to existing 3GPP specifications where TDM limits at point D have been specified (e.g. see TS 25.411). Some additional assumptions have been made regarding the long term wander: a 16ppb slope has been considered in Q13 studies, as it seems a value generally accepted in the mobile industry. As highlighted in the actions section, Q13/15 would like to confirm with 3GPP that this 16ppb value is a reasonable assumption.

In a second step, Q13/15 plans to work on the case of a packet slave clock integrated in the end application (case C2). In this case, the base station directly receives the PTP messages and not anymore a physical layer synchronization reference. No performance objective has been defined by 3GPP at the input of the NodeB and eNodeB at the moment in this particular case. Some assumptions will therefore be required for this future work.

When approaching these studies, Q13/15 would involve 3GPP as to verify that the assumptions are correctly made. In particular the assumptions may concern the tolerance of the Base Station clock to packet delay variation
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Figure 1 – Reference Points for network limits for frequency distribution using IEEE1588 based on Figure 3/G.8261.1

Note: the term “PRC” used in figure 1 corresponds to a “Primary Reference Clock” (e.g. a caesium clock) delivering the primary reference to the physical layer based synchronization network, and is specified by ITU-T G.811.

Distribution of phase/time synchronization with IEEE1588-2008 (phase/time telecom profile)

For the distribution of phase/time synchronization over the network, the focus of Q13/15 is for a network where every node provides support for IEEE 1588 (in particular the IEEE1588 Boundary Clock function) with possible support of Synchronous Ethernet for frequency stability and holdover. As mentioned in the previous liaison to 3GPP, the work is at a preliminary stage at the moment. It will lead to the definition of general architectural requirements (future G.8275) and of a second PTP telecom profile for phase/time synchronization (future G.8275.1).
The current focus is on the identification of the target requirements in different part of the network (to be included in G.8271).

With reference to figure 2 below and assuming as an example the LTE TDD application for which the requirement is 3 microseconds maximum absolute deviation in frame start timing between eNodeBs, the absolute time error at point E must be < +/- 1.5 microsecond. Other requirements such as those of LTE-A are planned to be considered and may lead to different performance objectives.

As the network study performed by Q13/15 concerns the distribution of a phase/time reference timing signal across the transport network, Q13/15 will have to make some assumptions as to define the proper limit at point C (in case of a packet slave clock integrated in the NodeB or eNodeB) or D (in case of a packet slave clock external to the NodeB or eNodeB) which can enable the fulfilment of the relevant requirements in point E (e.g. +/- 1.5 microsecond for LTE TDD application). 

For instance it is assumed that the network limit at point D shall be a portion of the overall requirement. The studies performed by Q13/15 would result in defining the network limits at point D based on what reasonable network and base station designs can achieve; the initial working assumption that are currently made in Q13 is that the base station, under normal condition (i.e. when the base station is locked to an external reference), may need a time error budget in the order of 100-150 ns. As highlighted in the action section, Q13/15 would like to confirm with 3GPP that these assumptions are correct. 
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Figure 2 – Network Reference Model based on Figure 6/G.8271 

Note: the term “PRTC” used in figure 2 corresponds to a “Primary Reference Time Clock” (e.g. a GNSS receiver) delivering the primary phase/time reference to the synchronization network, and is planned to be specified by ITU-T G.8272.
Actions

ITU-T Q13/15 kindly asks 3GPP to review the following assumptions which are currently made by Q13/15. 

Assumption 1: 

Regarding the distribution of timing frequency references to base stations when using IEEE1588-2008 with the PTP telecom profile for frequency, in the case the packet slave clock is external to the base station (use case C1 in figure 1), the following assumption is currently made with regards to the performance objective (wander limits) to be met by a packet slave clock external to the base station, when expressed in terms of an MTIE mask in figure 3 below.

As explained before, this MTIE mask corresponds to the existing requirements as specified in 3GPP TS 25.104 (pointing to ITU-T G.823 specification for traffic interfaces) with a 16ppb long term slope beyond 1125 seconds.
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Figure 3 – Wander network limits applicable at the output of the packet slave clock at the point D (based on Figure 4/G.8261.1)
Assumption 2:  

Regarding the distribution of phase and time synchronization references to base stations when using IEEE1588-2008 with the PTP telecom profile for phase and time, the initial working assumption that are currently made in Q13 is that the base station, under normal condition (i.e. when the base station is locked to an external reference), may need a time error budget in the order of 100-150 ns .

ITU-T Q13/15 proposes to inform 3GPP in a future Liaison Statement about the additional assumptions which will be made by Q13/15 in the future work regarding the distribution of phase/time references to base stations.

ITU-T Q13/15 would like to know the latest results from 3GPP related to LTE advanced air interface time synchronization requirements.

Q13 is looking forward to continue cooperation with 3GPP on discussions related to synchronization.
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