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1.
Introduction

The G.711 A/(-law Codec (or PCM) packetisation time on A-interface over IP has not been agreed thus far.  In this document, the issue is discussed and the way forward is proposed.
2.
Discussion


The AoIP PCM packetisation time of either 20 ms or 5 ms has not been agreed in [1].  The trade off between the additional overhead to the IP transport versus the increased risk in speech path delay must be fully considered.
One argument to opt for 20ms [2] was that repacketisation would have to be done on the A/Nb interface.  However, this is not entirely correct because the default PCM packetisation time on the IP based Nb interface is 5ms [4] and 20 ms is optional.  Our preference is to harmonise the PCM packetisation time between the IP based access network and IP based core network in case PCM transcoding of speech is done in the BSS.

Another argument to opt for 20ms was the lower header overhead on the IP transport compared to 5ms PCM packetisation time [3].  The overhead on AoIP for 5ms can be reduced with a similar optional capability on the Nb interface of multiplexing and compressing the RTP header.  These methods of bandwidth saving on an IP based Nb interface has already been studied by CT3 in [5]. 
Our major concern for not opting for 20ms PCM packetisation time is the possible risk of increased speech path delay, especially for mobile to long-distance PSTN calls.  The distance between the local MGW on the mobile side and the calling party on the PSTN can be unpredictable.  Therefore, it is preferable to eliminate the chance of a speech delay component due to the aggregation of 20 ms delay blocks.  It has also been shown that the TC could still remain in the BSS for a very long time so it is crucial that the PCM packetisation time is low. The aggregation of 20ms delay is likely in countries where end offices are very far at the edge of the PSTN network such as Australia and India.

One call scenario which will be impacted by the higher PCM packetisation time is a call between a user in the UK and a landline subscriber in Australia.  The network traversal shown in Figure 1 is likely when connecting these two calling parties.
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Figure 1  Long distance end-to-end call scenarios including link delay budget
In the call scenario shown in Figure 1 between the UK mobile subscriber and the Australia landline subscriber, say, VF UK migrates to a SIP-I based network and adopts 20ms for both its AoIP and Nb interfaces, PCM speech frames would need to be repacketised when communicating with the BT PSTN supporting 10ms G.711 A-law codec packetisation time [6].  Even if the BT PSTN supports 20ms PCM packetisation time, we would need to assume the Asia PSTN and the Australia PSTN also supports 20ms with the same codec.  With 5ms PCM throughout VF UK, there is less waiting time for a PCM speech frame.  It could be argued the PCM packetisation time difference between 20ms and 5ms maybe small, but the overall delay budget would add up to more than 10ms when traversing across numerous PSTN networks with different PCM packetisation times.  The delay is made worse if the PSTNs are VoIP transits.  From Figure 1, the total uplink delay budget for a mobile-to-landline is

102.1 ms  + 20ms PCM packetisation buffer + 10ms PSTN buffer + 15ms jitter buffer + 1ms Echo Control + 1.5ms transcoding delay = 149.6ms
This delay budget excludes the delay on the WDM submarine cable and PSTN transit delays.  It is also worth considering that the delay budget would be higher if the end-to-end calling parties are mobile subscribers.  In this case, the delay budget is 254.7ms.
3.
Speech delay
Our internal investigations have shown that calls with the most severe delay for long distance calls where internal and external VoIP transits are used.  For these scenarios, the speech delay is more than 400ms exceeding the maximum limit for speech delay specified in ITU-T G.114.  With a high speech delay, the ITU-T G.107 R factor (a method to measure customer perceived quality) falls below 80.  For customers to be satisfied with the speech quality, the R factor must be in the range 80 to 100.
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Figure 2  Determination of the effect of absolute delay by the G.107 E-model (see ITU-T G.114)
In Figure 2, the R factor is plotted against the mouth-to-ear-delay.  Even the smallest additional speech delay could result in the R factor dropping below 80.  From the delay budget calculations for the mobile to mobile call scenario in Figure 1, it is clear that, adding another 60ms delay due to the submarine cables pushes the total delay budget to more than 300ms.  This results in the R factor falling below 80 causing some users to be dissatisfied.  By reducing the PCM packetisation time to 5ms will ensure that the delay budget does not exceed 300ms for the aforementioned call scenario.
4.
Proposal 

It is proposed to mandate the default PCM packetisation time of 5ms on AoIP.  Some of the reasons, as discussed above, to support this proposal are (i) to harmonise the PCM packetisation time on the A-interface and Nb-interface for both BICC and SIP-I based networks and (ii) to eliminate the probability of a higher speech path delay for mobile to PSTN calls (iii) to reduce the probability of the R factor falling below 80.
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