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1. Introduction

A Study Item on “A interface over IP” was agreed at GERAN #35 (see GP-071562). In the GERAN WG2 #35bis meeting a set of requirements was endorsed (see G2-070375).

Number 14 of these requirements states that the “End-to-end speech delay shall not be increased …”.
One of the features to improve end to end speech delay in 2G and 3G is the ‘Time Alignment’ feature. Up to 20 ms downlink delay reduction can be gained by adjusting the Speech Encoder frame phase to the phase at which the BSS transmits packets downstream to a given mobile (see document G2-080014 [5]).
This document is a revised version of GP-071771 ([4]) presented at GERAN #36 describing the functionality of Time Alignment.

2. Background

In this chapter the Time Alignment (from now on called TA) feature is described as it works for the UTRAN Iu interface [1]. For GSM the same concept is used, but without the communication over the A-Interface. If the TC is moved to the CN, TA information would need to be exchanged between the BSS and the CN to allow for TA management.

For UTRAN the Time Alignment is intended to align the phase of the MGW to that of the RNC to minimize RNC queuing delay and memory resource utilization. The MGW divides speech samples into 20 ms frames and compresses them by the AMR encoder. Compressed speech packets are sent to the RNC, which will in turn send them downstream according to a fixed phase. Because MGW and RNC are not synchronized, RNC has to queue compressed packets until the proper transmit time. Added queuing time/delay due to the phase mismatch can range from 0 to ~20ms. The RNC measures the queuing delay and sends a (TA) request to the MGW for a phase adjustment based on the measured queuing delay. The MGW adjusts the framing boundary to match the requested phase (see Figure 1).
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Figure 1

In the diagram below (figure 2), a, b and c represent different phases of arrival of packets (e.g. pertaining to different voice channels) from the MGW to the RNC. The values da, db, and dc, represent the queuing delay due to arrival of the phases a, b and c, respectively, as measured between the time of arrival of packet to the RNC and the time of transmission from RNC. In the example below the phase of b is better than a, and a is better than c (due to lower delay). The purpose of TA for the RNC is to request the appropriate phase shift (based on measured queuing delay) from the MGW, in order to minimize the RNC queuing delay. TA also reduces the amount of time that RNC buffer resources are allocated to a given channel. Since the transmission period is 20ms, the alignment of arrival phase to transmission phase can reduce the RNC queuing delay by up to 20ms.
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Figure 2
3. Discussion 

TA provides an enhancement of the end-to-end delay for AoIP. It would therefore provide additional flexibility for the design and management of the delay budget. For a solution with the TC in the BSS, TA is already specified [2] [3]. For a solution with the TC in the CN, the TA design elements also need to be ported into the definition of the new AoIP interface. Not implementing TA would mean to restrict end to end functionality for AoIP (compared to what is available now).
TA is also specified and used on the Nc and the Iu interface. Not implementing TA would mean that this functionality could not be used any more in the Nc interface for AoIP and that we divert from what is there in 3G.

Making TA optional would enable companies to implement the advantages described above but not force others that do not see a significant gain in TA to do so. The interworking between the two implementations would still be guaranteed as if the BSS does not support TA the PDU for TA will never be sent. If the NSS does not support TA a potential message from the BSS would be ignored.

Low standardization effort is required for including TA in the standards for AoIP (overall specification of AoIP would not be delayed): only 1 PDU and its acknowledgement will need to be defined. This and the behaviour can be taken from the Iu protocol specification.
The objectives of the suggested solution are as follows:

1. The suggested solution would not require changing existing RFCs.

2. It is proposed instead to reuse the basics that are already specified for the Iu UP (User Plane) protocol between RNC and MGW [1] for supporting TA procedure.

3. For this purpose, a specific PDU type (similar / identical to "PDU Type 14" specified in [1]) should be defined.
4. Conclusions

It is proposed to include the description of the time alignment feature in the Technical Report and to consider TA as an optional feature to the AoIP functionality.
Depending on the level of detail that the TR will contain we suggest to include a section about TA in chapter 6 and possibly in chapter 7 explaining the feature, its advantages and a possible implementation. Chapter 3 and Annex A of this document should be taken as a basis.
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6. Annex A – Proposed implementation
The proposed implementation would be founded on the principles governing the Time Alignment feature already specified for the Iu and Nb interfaces and on the corresponding UP (User Plane) protocol (see [1]). The existence of a specific time alignment PDU as part of the UP protocol would avoid the need to update the various RFCs for different codecs. A solution with a request message, an acknowledge message and a timer are providing the necessary means to support the TA feature (see figure B1), and maintain design coherence between the two systems.
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Figure B1: Successful Time Alignment

Should the receiving MGW be in “TrFO mode”, it shall relay message forward transparently from the AoIP protocol to Nb. Should the receiving MGW be transcoding to G.711, it may process the request or respond with a negative acknowledgement indicating it either doesn’t support the procedure or it is not prepared to process the request at this time. Should the BSS receive a negative acknowledgement, it should wait some time before trying again. The impact is that its downlink buffer (and delay) is not reduced.

The UP protocol on the AoIP interface based on RTP/UDP/IP transport uses an established RTP session for transferring frames between the two RTP endpoints at both ends of the AoIP interface User plane access points. A single PDU will be transported as RTP payload. Different PDU Types would allow differentiating between user data transport and Time Alignment procedure control.
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