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1. Introduction

TS 25.415 requires the usage of time-based frame numbers for packets in conversational and streaming applications. This is motivated by the fact that proper reconstruction of the signals belonging to these services requires precise resolution of the timing. However, time-based frame numbering can only be effective if the frame numbers reflect the timing at the signal source, rather than at intermediate nodes traversed by the packets.  The current language of 25.415 does not make this distinction, and consequently there is potential for implementations that may lead to ambiguity in the resolution of the signal timing.

This document highlights the problems that can result from a particular interpretation of 25.415, and presents an example of how the issue can be avoided.

2. Problem Description

According to TS 25.415 section 6.6.3.3 “When the frame number is based on time, the Frame number is incremented by one (modulo 16) at each new ITI.” We believe that the correct interpretation of time based frame numbers is one that links the frame number to the timing at the signal source.  In the uplink case the signal source is the UE.  Since UE sends packets at regular intervals, the recipient UTRAN/NodeB can derive the source timing, and hence it can be used as a timing source by subsequent nodes. However, the definitions of ITI and its relation to the Iu UP frame number, as provided by the standard, can lead to an interpretation where the Iu UP layer, which is the exit point of the UTRAN, is used as the timing source.  In other words, the Iu UP layer may be implemented in such a way as to map its own timing to frame numbers.  Since there is jitter between the entry and the exit of the UTRAN (on the uplink) i.e. the phase of the packet arrival with respect to the phase of the clock at Iu UP, the resulting frame numbers can be inconsistent with the timing of the signal source.  This will lead to undesirable effects on the Core Network side as the AMR Decoder handles the incoming packets. An example of this inconsistency is given below.
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Figure 1

Consider Figure 1 with entry source point, UTRAN/NodeB, and exit point, UTRAN/Iu UP.  Let us also assume that transmission from UE to NodeB is regular where packets arrive at regular 20 ms intervals.  NodeB will see the packet arrival according to Figure 1.
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Figure 2

As the packets traverse through the UTRAN from NodeB to Iu UP, the inherent jitter will make the packet arrival times look irregular from the Iu UP perspective.  One example mapping is shown in Figure 3.
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Figure 3
Packets entering UTRAN/NodeB are regular but as they reach the UTRAN/Iu UP, they may not necessarily fall into regular ITI, where the intervals are marked by the Iu UP. Consequently, it is possible to have two packets(B & C) arrive at interval iii.  Also no packets will be found at the interval ii. Note that the occurrence of this phenomenon depends solely on jitter and the relative phase of the Iu UP ITI clock with respect to the window of arrival of the packets. If the two events (interval marker and packet arrival) occur closely enough, then the packet jitter may cause the packet to arrive sometimes before, and sometimes after the end of an interval, regardless of the precision of the clock.

Since specification 25.415 [1] can be interpreted to mean that the frame number corresponds to the ITI at the UTRAN/Iu UP, in the above example the generated frame numbers will be according to Figure 3.  Packet A will have frame number N, Packets B & C will have N+2, and Packets D & E will have N+4 which means two frames with the same number..  

Two frames with the same number:

The AMR Decoder on the core network side will see irregular frame numbers and will not be able to resolve the timing of the received packets in order to adjust for loss and/or late packets. For example, upon receipt of packet B, AMR may incorrectly conclude that a frame was lost.  Similarly, arrival of C with a duplicate frame number may lead to confusion. Inaccurate interpretation can cause a variation in delay and degradation in performance.

3. Possible Solution

One solution to this problem is to define the signal source, i.e. the UE as the source of timing. On the uplink, the source of timing can also be at the entry point of the UTRAN, NodeB.  This implies that at subsequent stages (e.g. Iu UP) the frame number for an uplink packet is derived from the NodeB tag.  Frame numbers will then accurately reflect the original timing at the source.  See Figure 5 for example. 
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Figure 5
NodeB tags the frames with its source timing so that Iu UP layer can use it as a timing reference to generate the time based frame numbers for the packet that is sent to the Core Network.  Regardless of the jitter between NodeB and Iu UP, the frame numbers will accurately represent the correct timing of the source.  AMR can then properly resolve the timing for each packet, and distinguish between late frames and lost frames.

This solution also enables to reflect accurately the timing when DTX is used.

On the downlink, the proposal already applies where signal source is defined at the TDM link.

4. Proposal

It is proposed to reflect this solution in TS25.415 to prevent incorrect implementations that would result in voice degradation (speech)/ data loss (CS data) in multi-vendor interworking.
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