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Introduction

This document has been written to progress the UTRAN delay work item to a conclusion.  In document R3‑99i54.doc there are items that contain requirements for further evaluation, these items have been examined and are reported herein.  It is proposed to include the following text in document “Delay Budget within the Access Stratum” to complete outstanding delay issues. 

Proposal

The following text is proposed for addition to the document “Delay Budget within the Access Stratum” under the respective headings.

4.2.1. Packetisation, De-packetisation and End-System Play-Out Delay

The originating terminal adds a packetisation delay. Factors influencing this delay are the instantaneous source data rate and the allowable transmission rate, i.e. PCR and SCR.

When a real time CBR data stream terminates an application end-point, play-out buffering is required to remove the CDV caused by the statistical sharing effects of the packet network. Once this variation is removed and de-packetisation applied, the resulting traffic stream from the protocol stack can be fed to higher layers as a constant stream of data. This delay is dependent on the bit-rate of the connection, the play-out buffer depth (dimensioned on the maximum CDV allowed) and the packet size.
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The above graph shows the delays caused by depacketisation and play-out queueing for an ATM packet network for different bit rates. The packetisation delay will apply to both RT and NRT sources, however, the play-out delay is only applicable to CBR services.

4.2.3 Interleaving and Turbo Coding

The MAC function assesses the amount of data in the RLC buffer for scheduling in the next TTI period.  The whole of the data for the TTI period is sent over the user frame protocol to the interleaving/coding function.  The interleaving/coding function has the opportunity to process the whole block instantly.  Therefore, the only delay caused by this function is by the processing of the algorithms.  This is very much implementation dependent and can range from negligible amount of delay to a whole TTI period (up to 80ms).

4.2.2. MAC Scheduling Delay

4.2.2.1 Real Time

For real-time services, a set of resource units will be allocated on a deterministic basis. This implies that a delay no bigger than the transport time interval (TTI) is foreseen. For real time services this is assumed to be 20 ms.  The AMR codecs require a data capture time of 20ms, once the data is captured the packet can be forwarded to the RLC for queueing.  The MAC can instantly send this in a 20ms TTI period to the base‑band processing unit.  Thus the delay caused by the MAC scheduling is offset by codecs on the edge of the network.

4.2.2.2 Non-Real Time

Non-real-time services using shared channels require statistical scheduling, the delay introduced may become important, even though delay guarantees will not be applicable.  The delay introduced has an impact on acknowledgement delay and on the resulting QoS.  The delay caused by the MAC scheduling function is dependent on many variables.  Traffic source behaviour, TTI interval, Peak rate (as measured over a TTI) per connection.  Assuming a packet has a fixed length TTI period and it will fit into a single TTI interval, the simple M/D/1 analysis can be applied to find a solution.
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This graph presents the probability density function of the queue length with regards to the TTI interval for a packet service.  This is a general solution that is applied to different values of TTI.  Thus, the TTI Period in the graph can be used a multiplicative value for the real TTI intervals.  For example, if the TTI period is 80 ms, then the probability of the queue exceeding 320ms is 3.30E-03 with a network load of 70%.

7.3 Delay Budget Template

Service (kbit/s)
 AMR 12.2
32
64
144
384
Notes

Delay Component
Delay (ms)


T1 Branch

U3
20
20
20
20
20
TTI period =20ms

U6
0.05


U2 – Node B
15


19.8


24.6


36.6


72.6


UL value. 2 ms for DL

TN1 – Iub
4
150
170
220
420


TN2 – Iub
2


TN3 – Iub
14




U2 – SRNC
5


5
5
5
5


U1
<14
1
1
1
1


U4
0
40
40
40
40
TTI= 20 ms Bit Error= 10-3 Load=70%

U5
0
0
0
0
0
No retransmission assumed

T1 Branch Delay
60
251.85
276.65
338.65
558.65


T2 Branch

U3
20
20
20
20
20
TTI = 20ms

U6
0.05


U2 – Node B
15


19.8


24.6


36.6


72.6


UL value. 2 ms for DL

TN1 – Iub
4


150
170


220


420




TN2 – Iub
2


TN3 – Iub
14


U2 – DRNC
5


5


5


5


5




U1 – DRNC
<14
2
2
2
2


TN1 – Iur
4
0.5
0.5
0.5
0.5


TN2 – Iur
3


TN3 – Iur
2.7


U2 – SRNC
5


5


5


5


5




U1 – SRNC
<6
2
2
2
2


U4
0
40
40
40
40
TTI= 20 ms Bit Error= 10-3 Load=70%

U5
0
0
0
0
0
No retransmission assumed

T2 Branch Delay
90.75
415.55
460.35
572.35
1008.35


Iu Interface







U1 (packetisation only)
0
1
1
1
1


TN1 – Iu
2
0.5
0.5
0.5
0.5


TN2 – Iu
1


TN3 – Iu
2.5


Iu Delay
5.5
5
5
5
5
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