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Abstract

WD5-GVA-18 from the 17-21 November rapporteur's meeting, discussed the common reference clock to be used in "differential" clock recovery and proposed a specific frequency for this clock when a SONET/SDH network was assumed to be on hand. Information from that contribution was incorporated into the implementor's guide. The present contribution extends the analysis of that contribution, and proposes new default frequencies for other cases, such as those available when utilizing specific physical layer infrastructures, or when specific external clocks are available.

Background

Clock recovery algorithms are classified as being "pure adaptive", or synchronous (known in other forums as "differential"). Synchronous clock recovery methods rely on the presence of a common (reference) clock, and at ingress encode the difference or ratio between the source clock (that we desire to recover) and the common clock, in order to simplify clock recovery at egress.

I.363.1 specifies both pure adaptive and a synchronous clock recovery mechanisms for constant bit rate traffic carried over ATM using the AAL1 adaptation. The synchronous clock recovery mechanism, known as SRTS, relies on the fact that there is a natural common clock provided by the ATM physical layer. Unlike ATM, MPLS does not specify a physical layer, and indeed may be carried over many different physical layer technologies. Hence for MPLS the frequency of the common clock is less clear.

In WD5-GVA-18 from the 17-21 November rapporteur's meeting, Zarlink analysed the situation and provided a recommendation for the common clock frequency under the assumption that a SONET/SDH physical layer clock is available at ingress and egress. The present contribution broadens the analysis of that document, and provides recommendations for several other special cases.
Analysis

The Zarlink contribution had two main conclusions regarding the frequency of the common clock:

1)
the common clock frequency should not be an integer multiple of the service clock

2)
for traffic interface we need a clock of at least 10 MHz,
for synchronization interface we need at least 20 MHz.

First, we will analyse these conclusions.

The first conclusion is counter-intuitive, but valid; unfortunately it was not adequately explained in the aforementioned contribution. The reason for avoiding ratios that are too close to exact integer multiples is that in such cases the wander is of very low frequency, and hence hard to filter out.

To see this, let us assume that the ratio of reference clock frequency to service clock frequency is rational, i.e. that the following relation between the reference and the service clock holds:
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 where p and q are integers with no common divisor,  and  
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It is straightforward to see that after q reference clock cycles, corresponding to p service clock cycles, both clocks return to precisely the same phase. Hence, the basic frequency of the phase error is 
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. The larger p is, the lower the frequency of the basic wander component. Since this period is responsible for the lowest phase error frequency component we shall call it the basic cycle.

While we cannot control the time duration of the basic cycle (since we don't control the exact value of the service clock frequency) we can exert some control over the behaviour of the phase error during this cycle. This can be done by selecting 
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 such that the nominal value of the ratio 
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 (over the entire 
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 range) will differ as much as possible from an integer.

To see this, assume that the ratio 
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 is not an integer, but only slightly larger than one (i.e. 
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). Then it takes an extremely long time for the phase error to build-up until it reaches p and then wraps back to zero, so the phase error has a very low frequency phase error component. This process will have time duration of about 
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 seconds; in extreme situations (where 
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) the time duration will equal 
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 that is exactly the time duration of the basic cycle.

On the other hand, if we ensure that 
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 is far from an integer value, then 
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[image: image15.wmf](

)

s

p

f

q

p

×

mod

, the period of the low frequency phase error component, is much larger.

Hence, by avoiding ratios between reference clock and service clock frequencies that are too close to integer values, we preclude hard to eradicate low frequency wander components.

Next we will analyse the second conclusion regarding the order of magnitude of the reference clock frequency. The Zarlink contribution states: "the maximum quantization error must be much less than the limit on phase error (or wander), in order to control any phase deviation before it exceeds the limit." This argument linking conformance to the required MRTIE/MTIE masks to reference clock resolution only holds when the clock reconstruction relies directly on quantized timestamp differences. By low-pass filtering these values one may diminish the inherent quantization noise, relaxing the minimal requirements for 
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. Such filtering is common in clock recovery mechanisms.

Moreover, the Zarlink contribution fails to discuss conformance to TDEV masks, which is required for synchronization interfaces.

Taking these facts into account, we find that the strongest constraint on the reference clock frequency is that it be higher than the source clock frequency.

Specific Recommendations

Following WD5-GVA-18 and our previous remarks, there are five considerations for choosing a reference clock frequency:

1)
The reference frequency should be readily derivable.

2)
The reference frequency must be a multiple of 8 kHz (requirement in Y.tdmpls).

3)
The reference frequency must be sufficiently larger than the service clock being recovered.

4)
The reference frequency must not be so large as to incur frequent timestamp roll-over.

5)
The frequency should not be too close to an integer multiple of the service clock frequency.

WD5-GVA-18 proposed the use of a 19.44 MHz reference clock (2430 * 8 kHz) for cases where SONET infrastructures are available at both edges. As an aside, it is surprising that this case is an interesting one, since were a SONET/SDH infrastructure available, would it not be used to carry the TDM traffic? And even if it could not be so used, why are the TDM networks not directly locked to this SONET/SDH clock, rather than being independent and their deviation from this SONET/SDH clock being encoded?

Here we wish to propose specific frequencies for use in other (perhaps more interesting) cases.

The first case is when a common ATM infrastructure is available. For example, the MPLS network may be based on an ATM one, or a parallel ATM network may be in place. In this situation one would be lead to try to use the values specified by I.363.1, namely



 (19.44 MHz / 2k) 8 kHz where k = 0 .. 11

in particular, for E1 and T1 2.43 MHz, for E3 38.88 MHz and for T3 77.76 MHz. However, 2.43 MHz is not a multiple of 8 kHz, and so must be rejected. Neither does the next higher frequency in this sequence, 4.86 MHz obey this constraint. However, 9.72 MHz (1215*8 kHz) is allowed, as is 19.44 MHz, in agreement with Zarlink's suggestion for SONET/SDH.

Next, it has become a common ploy to grab accurate frequency from reception of GPS satellite transmissions. The GPS timing is derived from highly accurate hydrogen MASER 10.23 MHz clocks, and the chip rate of the non-military spread spectrum code is 1.023 Mchips/sec. Unfortunately 1.023 Mhz is not a multiple of 8 kHz, but by multiplication by 8 a frequency of 8.184 MHz (1023*8 kHz) is easily derived. In addition, readily available equipment based on GPS output 10 MHz (1250*8 kHz) references.

Similarly, one may derive a frequency reference from the reception of the GSM air-interface, which is required to be accurate to within 50 ppb (in order to enable seamless handovers). Unfortunately, frequencies directly derivable seem to be too low (on the order of 270 kHz) or too high (hundreds of MHz).

Another alternative is available when the MPLS LSP consists of a single hop over a 100 Mbps Ethernet physical layer. It that case it is possible to lock the Ethernet PHY at the ingress to an accurate 25 MHz clock, and to receive this clock from the egress Ethernet PHY. In such case we must use a 25 MHz (3125*8 kHz) reference.

Similarly, for a Gigabit Ethernet PHY (fiber or 1000BT), the basic clock is 125 MHz. By division this can be reduced to the same 25 MHz clock. For 10BT 10 Mbps Ethernet PHY, the basic frequency is 2.5 MHz, which is not a multiple of 8 KHz, but 10 (1250*8 kHz), 20 (2500*8 kHz) and 25 MHz are derivable by multiplication.
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