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1 Introduction

Performance simulations were performed by applying the simulation framework as explained in [3] to compare different protocol stacks for UTRAN user plane. Pure voice traffic, pure data traffic and mixed voice/data is considered in the simulations as a traffic source. The simulation work is still ongoing, especially on the mixed traffic scenarios. Therefore, the document will be extended by additional simulation results for the next meetings. 

Different protocol stacks are compared in terms of their efficiency on the Iub interface. The results compare the number of users that can be supported by these stacks. The limiting factors for all stacks are the total bandwidth of the link and the maximum delay permitted. 

2 Protocol stacks

2.1 Features

In [2] the needed features of the protocol stack were identified to fulfil the general requirements for IP based transport in UTRAN. They are:

· Aggregation functionality

· Segmentation functionality

· Network element addressing (providing routing functionality)

· Channel addressing

Candidates for a protocol stack for IP based UTRAN were already proposed in [1] and [2]. From the conclusions in these papers 4 stacks are investigated. A table listing these stacks together with the features provided by them is given below.


Aggregation
functionality
Segmentation
functionality
NE addressing
Channel addressing

PPPmux
(
Only by IP fragmentation

NO
(
optional UDP checksum


TCRTP
(
Only by IP fragmentation1
(
(
optional UDP checksum2

cTCRTP
(
Only by IP fragmentation1
( 
compressed
(
optional UDP checksum2

CIP
(
(
( 
compressed
(
CRC protected

Table 1: Feature list of investigated protocol stacks

2.2 Overhead

For the comparison of the protocol stacks AAL2/ATM was chosen as reference, PPP/HDLC and AAL5/ATM were chosen as example for L2 implementation. The investigations can also be performed for other L2 implementations, but no major differences are expected from these simulations.

2.2.1 R99 Reference: AAL2/ATM

AAL2
3 byte

Payload
Max. 45 byte

Additional overhead per ATM cell: 6 Byte header, padding to 53 Byte cell size in the last used cell.

2.2.2 PPPmux  (cUDP_IP/PPPmux/HDLC)

HDLC
1 byte

PPPmux ID
1 byte

PPP ID
1 byte


PFF, length
1 byte


cUDP_IP
3 byte, compressed UDP/IP


Payload


CRC
2 byte

2.2.3 TCRTP  (TCRTP/HDLC)

HDLC
1 byte

PPP
1 byte

IP
20 byte

L2TP HC
1 byte

PPPmux ID
1 byte

PPP ID
1 byte


PFF, length
1 byte


cUDP_IP
3 byte, compressed UDP/IP


Payload


CRC
2 byte

2.2.4 cTCRTP  (TCRTP/HDLC)

HDLC
1 byte

PPP
1 byte

IP
4 byte, compressed IP

L2TP HC
1 byte

PPPmux ID
1 byte

PPP ID
1 byte


PFF, length
1 byte


cUDP_IP
3 byte, compressed UDP/IP


Payload


CRC
2 byte

2.2.5 cTCRTP  (TCRTP/AAL5/ATM)

IP
4 byte, compressed IP

L2TP HC
1 byte

PPPmux ID
1 byte

PPP ID
1 byte


PFF, length
1 byte


cUDP_IP
3 byte, compressed UDP/IP


Payload


AAL5 Trailer
8 byte

Additional overhead per ATM cell: 5 Byte header, padding to 53 Byte cell size in the last used cell.

2.2.6 CIP  (CIP/cUDP_IP/PPP/HDLC)

HDLC
1 byte

PPP
1 byte

cUDP_IP
4 byte, compressed UDP/IP


CIP
3 byte / 4 byte for segmented data packets


Payload


CRC
2 byte

2.2.7 CIP  (CIP/cUDP_IP/AAL5/ATM)

PPP
1 byte

cUDP IP
4 byte, compressed UDP/IP


CIP
3 byte / 4 byte for segmented data packets


Payload


AAL5 Trailer
8 byte

Additional overhead per ATM cell: 5 Byte header, padding to 53 Byte cell size in the last used cell.

2.2.8 Summary

By summarising the header sizes given in the tables above, the following overhead can be calculated.

Layer 2
Protocol
Overhead/stream
Overhead/container
ATM overhead

AAL2/ATM

3 byte
-
6 byte + padding

PPP/HDLC
PPPmux
4 byte
5 byte



TCRTP
4 byte
27 byte



cTCRTP
4 byte
11 byte



CIP
3 byte
8 byte


AAL5/ATM
cTCRTP
4 byte
15 byte
5 byte + padding


CIP
3 byte
13 byte
5 byte + padding

3 Simulation

3.1 Implementation structure

The implementation structure in Figure 1 shows one voice queue and one data queue for mixed voice/data simulations. In that case the voice queue shall be serviced until empty, at which time the data queue shall be serviced until the voice queue has become non-empty or the data queue is also empty. Voice packets cannot preempt data packets.

For pure voice traffic simulation, the data queue of the scheduler remains empty all the time, and vice versa. In fact this means the scheduler has no impact on the simulation result, but the queue is used to adapt the sources to the link rate. The same implementation structure is applied for all investigated protocol stacks.
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Figure 1: Implementation structure

3.2 Results for 100% voice service

3.2.1 Voice delay

The voice delay as depicted in Figure 2 is measured for individual voice packets travelling from the RNC to the NodeB. As shown by the 99.9 percentile there are significant differences between the various protocol stacks. The maximum number of users supported by a predefined link is mainly determined by the efficiency of the protocol. There are two reasons for the delay of the packets: Packetization and queuing/transmission. In a heavily loaded system packetization delay is not significant because container packets are generated with a high rate. Therefore, the voice delay is predominantly determined by queuing and transmission delay.

Parameter
Value
Remark

Link Bit Rate
1920000 bit/sec
30*64 kbit/sec (E1)

Maximum Container Size
300 Byte
maximum size of a packet transported over the link

AMR Codec
12.2 kbit/s
model is described in detail in [3]

Simulation duration
20000 sec, divided in 10 part tests


Table 2: Simulation parameters
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Figure 2:
Voice packet delay versus number of concurrent voice users for a 1.92 Mbit/s link using PPP/HDLC transport
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Figure 3:
Voice packet delay versus number of concurrent voice users for a 1.92 Mbit/s link using AAL5/ATM transport

3.2.2 Link utilisation

The link utilisation for the various protocols is depicted in figure 4. The link utilisation is almost linear within the simulated range of concurrent users because the system is heavily loaded and the additional overhead resulting from container packets which have not the maximum size is negligible.
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Figure 4: Link utilisation versus number of concurrent users for a 1.92 Mbit/s link

3.2.3 Comparison

The CIP protocol has the highest performance due to the lowest overhead. Assuming a maximum delay of 8 ms will give the maximum number of concurrently active users which can be supported over a 1.92 Mbit/s link (Table 3, Table 4 and Table 5). For all protocols a delay of 8 ms is equivalent to an utilisation of about 91%.

Protocol
Maximum Number of Users

AAL2/ATM
128
100 %

Table 3: R99 Reference: Maximum number of users supported over a 1.92 Mbit/s

Protocol
Maximum Number of Users

TCRTP
127
99 %

cTCRTP
135
105 %

PPPmux
138
108 %

CIP
141
110 %

Table 4: Maximum number of users supported over a 1.92 Mbit/s link (PPP/HDLC)

Protocol
Maximum Number of Users

cTCRTP (max. 300 Byte IP pkt.)
110
86 %

cTCRTP (max. 280 Byte IP pkt.)
111
87 %

CIP (max. 300 Byte IP pkt.)
114
89 %

CIP (max. 280 Byte IP pkt.)
116
91 %

Table 5: Maximum number of users supported over a 1.92 Mbit/s link (AAL5/ATM)

The tables show that with PPP/HDLC the CIP protocol performs about 5 % better than cTCRTP and is still 2 % better than PPPmux, by providing more functionality at the same time. Also with AAL5/ATM as layer 2 option, the CIP protocol performs 4 % better than cTCRTP.

The significant performance impact of IP/UDP header compression can be shown by comparing the results for TCRTP and cTCRTP. The difference is about 6%.

3.3 Results for 100% data service

Please note that the results presented including data services are preliminary. The validation process is still ongoing. It is intended to update this document for the coming meetings.

3.3.1 FP-PDU delay

The FP-PDU delay as show in Figure 5 is measured between the creation of a PDU in the FP layer in the RNC and the complete reception of the PDU in the NodeB.
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Figure 5: 99.9 Percentile FP-PDU Delay

It can be seen, that the HDLC/CIP protocol stack performs significantly better than ATM/AAL2

3.3.2 Utilisation

The link utilisation for the two protocol stacks ATM/AAL2 and HDLC/CIP is shown in Figure 6. It can be derived from Figure 5 and Figure 6, that the significant delay increase correspondents with a link utilisation of about 56 percent for both protocols.
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Figure 6: Link utilisation for 100% data traffic

3.3.3 Comparison

The HDLC/CIP protocol stack has a significant better performance, this is mainly caused by its higher efficiency. Assuming a maximum 99.9 percentile delay of 100 msec, ATM/AAL2 will support about 102 users while CIP will support 121 users.

3.4 Results for mixed voice/data service

Please note that the results presented including data services are preliminary. The validation process is still ongoing. It is intended to update this document for the coming meetings.

3.4.1 80% Voice and 20% Data Traffic

Because only whole-numbered voice and data users are realistic, a traffic mix is generated with 79% voice user traffic and 21% data user traffic.

3.4.1.1 FP-PDU delay

Figure 7 depicts the 99.9 percentile of the FP-PDU delay for ATM/AAL2 and for HDLC/CIP. Both protocol stacks perform well in respect the given QoS requirement to prioritise voice traffic. The 99.9 percentile of the CIP voice delay is marginal higher than the AAL2 delay. This is caused by the multiplexing container while having a moderate load. The lower overhead of the HDLC/CIP protocol stack results in a significant higher performance for data traffic.
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Figure 7: 99.9 percentile of the FP-PDU delay for 80:20 traffic mix

3.4.1.2 Utilisation
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Figure 8: Bandwidth for 80:20 traffic mix

3.4.1.3 Comparison

The HDLC/CIP protocol stack performs better than ATM/AAL2. The marginal higher 99.9 percentile for the voice FP-PDU delay in a moderate loaded system is uncritical. Due to the lower overhead CIP will support more concurrent users than ATM/AAL2 in a heavy loaded system.

4 Conclusion

The simulation results show that the CIP protocol performs best in terms of efficiency by providing the full functionality needed for IP based UTRAN. Segmentation in TCRTP can only be introduced by IP fragmentation, which is very bad in terms of performance [5]. As shown in Table 1 the CIP protocol provides all required features. All others miss at least one important functionality, which could only be added by accepting huge additional overhead. 

5 Proposal

· It is proposed to insert the simulation results from chapter 3 of this document in the study area of the Technical Report in the chapter 6.3 “Transport network bandwidth utilisation”.
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� Additional overhead needed, does not work together with header compression, see also [5]


� additional overhead needed, 2 byte per stream





TSGR3 (00)2404

page 5/10

_1022050175.doc


Overhead / stream







Overhead / stream







voice stream







voice stream







multiplexer







packetizer�(t







scheduler







Overhead / container







packetizer�(t







multiplexer







data stream







data stream







Overhead / stream







Overhead / stream







Segment.







Segment.












_1031407199.doc
[image: image1.wmf]Voice-Delay (95% confidence level)


0


5


10


15


20


25


30


35


40


45


105


106


107


108


109


110


111


112


113


114


115


116


117


118


119


120


Number of Users


99.9 percentile delay [ms]


CIP/AAL5/ATM (max. 300 Byte IP pkt.)


cTCRTP/AAL5/ATM (max. 280 Byte IP pkt.)


CIP/AAL5/ATM (max. 280 Byte IP pkt.)


cTCRTP/AAL5/ATM (max. 300 Byte IP pkt.)




� EINBETTEN Excel.Sheet.8  ���











[image: image2.wmf]Voice-Delay (95% confidence level)


0


5


10


15


20


25


30


35


40


45


105


106


107


108


109


110


111


112


113


114


115


116


117


118


119


120


Number of Users


99.9 percentile delay [ms]


CIP/AAL5/ATM (max. 300 Byte IP pkt.)


cTCRTP/AAL5/ATM (max. 280 Byte IP pkt.)


CIP/AAL5/ATM (max. 280 Byte IP pkt.)


cTCRTP/AAL5/ATM (max. 300 Byte IP pkt.)


_1031407097.xls

MuxTxDelay


			120			NaN			NaN			120			NaN			120			0.174			NaN			0.174			120			NaN			NaN			120												NaN			NaN


			121			NaN			NaN			121			NaN			121			0.09			NaN			0.09			121			NaN			NaN			121												NaN			NaN


			122			NaN			NaN			122			NaN			122			0.135			NaN			0.135			122			NaN			NaN			122									2.477			0.162			0.162


			123			NaN			NaN			123			NaN			123			0.15			NaN			0.15			123			NaN			NaN			123									2.7			0.178			0.178


			124			NaN			NaN			124			NaN			124			0.183			NaN			0.183			124			NaN			NaN			124									2.791			0.172			0.172


			125			NaN			NaN			125			NaN			125			0.723			NaN			0.723			125			NaN			NaN			125									2.875			0.241			0.241


			126			NaN			NaN			126			NaN			126			0.847			NaN			0.847			126			NaN			NaN			126									3.576			0.438			0.438


			127			NaN			NaN			127			NaN			127			1.035			NaN			1.035			127			NaN			NaN			127									4.563			0.782			0.782


			128			NaN			NaN			128			NaN			128			2.402			NaN			2.402			128			NaN			NaN			128									5.727			1.302			1.302


			129			NaN			NaN			129			NaN			129			1.843			NaN			1.843			129			NaN			NaN			129									11.329			2.042			2.042


			130			NaN			NaN			130			0.208			130			2.792			0.208			2.792			130			0.228			0.228			130									16.153			3.027			3.027


			131			NaN			NaN			131			0.162			131			2.229			0.162			2.229			131			0.2			0.2			131									22.002			2.781			2.781


			132			NaN			NaN			132			0.114			132			NaN			0.114			NaN			132			0.158			0.158			132												NaN			NaN


			133			NaN			NaN			133			0.139			133			NaN			0.139			NaN			133			0.123			0.123			133												NaN			NaN


			134			NaN			NaN			134			0.175			134			NaN			0.175			NaN			134			0.761			0.761			134												NaN			NaN


			135			NaN			NaN			135			0.153			135			NaN			0.153			NaN			135			1.385			1.385			135												NaN			NaN


			136			NaN			NaN			136			0.32			136			NaN			0.32			NaN			136			1.843			1.843			136												NaN			NaN


			137			0.164			0.164			137			0.639			137			NaN			0.639			NaN			137			3.864			3.864			137												NaN			NaN


			138			0.249			0.249			138			1.206			138			NaN			1.206			NaN			138			3.171			3.171			138												NaN			NaN


			139			0.298			0.298			139			1.277			139			NaN			1.277			NaN			139			3.169			3.169			139												NaN			NaN


			140			0.687			0.687			140			1.729			140			NaN			1.729			NaN			140									140												NaN			NaN


			141			1.142			1.142			141			2.56			141			NaN			2.56			NaN			141									141												NaN			NaN


			142			1.67			1.67			142			3.247			142			NaN			3.247			NaN			142									142												NaN			NaN


			143			1.82			1.82			143			1.251			143			NaN			1.251			NaN			143									143												NaN			NaN


			144			2.775			2.775			144			NaN			144			NaN			NaN			NaN			144									144												NaN			NaN


			145			2.264			2.264			145			NaN			145			NaN			NaN			NaN			145									145												NaN			NaN


			146			NaN			NaN			146			NaN			146			NaN			NaN			NaN			146									146												NaN			NaN





CIP


PPPmux


TCRTP


cTCRTP


uncompressed CIP


AAL2/ATM


Number of Users


99.9 percentile delay [ms]


Container Delay (95% confidence level)


3.322


3.291


3.398


3.484


3.705


4.32


5.514


6.766


14.249


17.131


3.177


21.723


3.377


3.154


28.157


3.396


3.163


3.44


3.282


3.695


3.293


4.828


3.292


6.651


3.758


10.15


3.44


4.491


15.117


3.532


6.917


21.469


3.984


9.145


25.183


4.62


13.002


7.45


18.954


9.465


25.206


13


29.011


19.856


27.701





ETE_Delay


			120			NaN			NaN			120			NaN			NaN			120			0.127			0.127			120			NaN			NaN			120			NaN			NaN						NaN			NaN


			121			NaN			NaN			121			NaN			NaN			121			0.079			0.079			121			NaN			NaN			121			NaN			NaN						NaN			NaN


			122			NaN			NaN			122			NaN			NaN			122			0.125			0.125			122			NaN			NaN			122			NaN			NaN			2.626			0.214			0.214


			123			NaN			NaN			123			NaN			NaN			123			0.111			0.111			123			NaN			NaN			123			0.102			0.102			2.837			0.19			0.19


			124			NaN			NaN			124			NaN			NaN			124			0.142			0.142			124			NaN			NaN			124			0.121			0.121			2.921			0.236			0.236


			125			NaN			NaN			125			NaN			NaN			125			0.611			0.611			125			NaN			NaN			125			0.195			0.195			3.044			0.39			0.39


			126			NaN			NaN			126			NaN			NaN			126			0.711			0.711			126			NaN			NaN			126			0.213			0.213			3.532			0.487			0.487


			127			NaN			NaN			127			NaN			NaN			127			0.965			0.965			127			NaN			NaN			127			0.336			0.336			5.465			1.013			1.013


			128			NaN			NaN			128			NaN			NaN			128			2.238			2.238			128			NaN			NaN			128			1.194			1.194			9.728			2.117			2.117


			129			NaN			NaN			129			NaN			NaN			129			1.808			1.808			129			NaN			NaN			129			1.227			1.227			12.238			2.315			2.315


			130			NaN			NaN			130			0.153			0.153			130			3.969			3.969			130			0.18			0.18			130			1.878			1.878			18.775			3.266			3.266


			131			NaN			NaN			131			0.103			0.103			131			4.832			4.832			131			0.135			0.135			131			4.955			4.955			22.164			2.743			2.743


			132			NaN			NaN			132			0.102			0.102			132			NaN			NaN			132			0.134			0.134			132			5.061			5.061			34.394			3.971			3.971


			133			NaN			NaN			133			0.127			0.127			133			NaN			NaN			133			0.113			0.113			133			NaN			NaN						NaN			NaN


			134			NaN			NaN			134			0.132			0.132			134			NaN			NaN			134			0.591			0.591			134			NaN			NaN						NaN			NaN


			135			NaN			NaN			135			0.122			0.122			135			NaN			NaN			135			1.26			1.26			135			NaN			NaN						NaN			NaN


			136			NaN			NaN			136			0.259			0.259			136			NaN			NaN			136			1.695			1.695			136			NaN			NaN						NaN			NaN


			137			0.129			0.129			137			0.546			0.546			137			NaN			NaN			137			3.916			3.916			137			NaN			NaN						NaN			NaN


			138			0.193			0.193			138			1.085			1.085			138			NaN			NaN			138			3.13			3.13			138			NaN			NaN						NaN			NaN


			139			0.23			0.23			139			1.217			1.217			139			NaN			NaN			139			3.929			3.929			139			NaN			NaN						NaN			NaN


			140			0.597			0.597			140			1.623			1.623			140			NaN			NaN			140			2.386			2.386			140			NaN			NaN						NaN			NaN


			141			1.072			1.072			141			2.467			2.467			141			NaN			NaN			141									141			NaN			NaN						NaN			NaN


			142			1.625			1.625			142			4.037			4.037			142			NaN			NaN			142									142			NaN			NaN						NaN			NaN


			143			1.816			1.816			143			3.511			3.511			143			NaN			NaN			143									143			NaN			NaN						NaN			NaN


			144			2.722			2.722			144			NaN			NaN			144			NaN			NaN			144									144			NaN			NaN						NaN			NaN


			145			3.001			3.001			145			NaN			NaN			145			NaN			NaN			145									145			NaN			NaN						NaN			NaN


			146			NaN			NaN			146			NaN			NaN			146			NaN			NaN			146									146			NaN			NaN						NaN			NaN





CIP


PPPmux


TCRTP


cTCRTP


uncompressed CIP


AAL2/ATM


Number of Users


99.9 percentile delay [ms]


Voice-Delay (95% confidence level)


4.359


4.27


4.351


4.461


4.399


4.592


4.46


5.062


4.605


5.973


4.71


7.184


5.069


14.363


8.593


17.213


10.583


4.225


22.475


4.344


13.819


4.163


32.689


4.315


22.026


4.145


4.336


29.965


4.249


4.537


4.262


5.377


4.214


7.019


4.566


10.36


4.329


5.131


15.307


4.412


7.184


21.745


4.758


9.476


26.223


5.235


13.297


36.321


7.809


19.194


9.771


26.221


13.343


32.458


20.028


28.963





tmp1


			122			0.214			0.214


			123			0.19			0.19


			124			0.236			0.236


			125			0.39			0.39


			126			0.487			0.487


			127			1.013			1.013


			128			2.117			2.117


			129			2.315			2.315


			130			3.266			3.266


			131			2.743			2.743


			132			3.971			3.971





ATM/AAL2


Number of Users


Delay [ms]


99.9 percentile Voice Delay


2.626


2.837


2.921


3.044


3.532


5.465


9.728


12.238


18.775


22.164


34.394





tmp2


			122			0.236			0.236


			123			0.196			0.196


			124			0.245			0.245


			125			0.409			0.409


			126			0.533			0.533


			127			1.088			1.088


			128			2.504			2.504


			129			2.358			2.358


			130			3.275			3.275


			131			2.767			2.767


			132			1.218			1.218





ATM/AAL2


Number of Users


Delay [ms]


99.9 percentile ATM cell delay


2.464


2.675


2.763


2.896


3.475


5.633


10.185


12.493


19.037


22.408


29.174





NumClients


			Iub Simulation, downstream


			ETE: End-to-End delay


			...TxDelay: Transmission delay (includes queuing before transmission)


			Confidence Level: 95%


			Link Rate:			1920000


			TimeOut for Container: -


			MuxContainer max: 2400 bit (incl. IP)


						CIP																		uCIP																		PPPmux																		TCRTP																		cTCRTP																		CIP over ATM																		CIP over ATM (equivalent mux container max 2200)																		cTCRTP over ATM (equivalent mux container max 2200)																		cTCRTP over ATM (equivalent mux container max 2400)																					AAL2 over ATM


			#NumClients			ETE-Delay			Conf.ETE			CIPTxDelay			ConfCIPTx			Mean Bandwidth			Utilisation			ETE-Delay			Conf.ETE			CIPTxDelay			ConfCIPTx			Mean Bandwidth			Utilisation			ETE-Delay			Conf.ETE			MuxTxDelay			ConfMuxTx			Mean Bandwidth			LinkUtil			ETE-Delay			Conf.ETE			MuxTxDelay			ConfMuxTx			Mean Bandwidth			Utilisation			ETE-Delay			Conf.ETE			MuxTxDelay			ConfMuxTx			Mean Bandwidth			Utilisation			ETE-Delay			Conf.ETE			CIPTxDelay			ConfCIPTx			Mean Bandwidth			Utilisation			ETE-Delay			Conf.ETE			CIPTxDelay			ConfCIPTx			Mean Bandwidth			Utilisation			ETE-Delay			Conf.ETE			CIPTxDelay			ConfCIPTx			Mean Bandwidth			Utilisation			ETE-Delay			Conf.ETE			CIPTxDelay			ConfCIPTx			Mean Bandwidth			Utilisation						ETE-Delay			Conf.ETE			CIPTxDelay			ConfCIPTx			Mean Bandwidth			Utilisation


									0.9500						0.9500												0.9500						0.9500												0.9500						0.9500												0.9500						0.9500												0.9500						0.9500												0.95						0.95												0.95						0.95


			105																																																																																													5.123			0.103			3.434			0.147			1605472.997627			0.8361838529			4.834			0.1			3.184			0.137			1564669.569423			0.8149320674			4.818			0.117			3.533			0.152			1625024.231325						5.194			0.202


			106																																																																																													5.129			0.186			3.529			0.225			1619679.626498			0.8435831388			4.813			0.161			3.265			0.217			1578428.327092			0.822098087			4.847			0.187			3.633			0.236			1639426.027397						5.254			0.161


			107																																																																																													5.124			0.136			3.672			0.184			1635687.152978			0.8519203922			4.808			0.131			3.405			0.174			1594107.613971			0.8302643823			4.92			0.152			3.831			0.189			1655633.088278						5.507			0.247


			108																																																																																													5.222			0.135			3.819			0.229			1650723.825454			0.8597519924			4.883			0.115			3.55			0.219			1608687.935243			0.8378582996			5.076			0.158			3.988			0.217			1670794.734754			0.870205591			5.645			0.236


			109																																																																																													5.16			0.148			3.932			0.22			1665597.575928			0.8674987375			4.817			0.129			3.643			0.211			1623163.846516			0.8453978367			5.159			0.249			4.219			0.302			1685797.126829			0.8780193369			6.232			0.486


			110																																																																																													5.112			0.145			3.793			0.221			1681019.092005			0.8755307771			4.766			0.118			3.499			0.183			1638184.873391			0.8532212882			5.615			0.351			4.956			0.478			1701431.469707			0.8861622238			8.427			1.607


			111																																																																																													5.194			0.148			3.974			0.212			1697162.531686			0.8839388186			4.806			0.119			3.634			0.19			1653989.79147			0.8614530164			7.261			0.782			6.836			0.9			1717852.756589			0.8947149774			15.926			2.99


			112																																																																																													5.35			0.196			4.239			0.27			1712266.980561			0.891805719			4.873			0.147			3.793			0.215			1668749.570744			0.8691404014			10.399			1.599			10.101			1.7			1733151.842666			0.9026832514			21.645			5.408


			113																																																																																													5.492			0.269			4.397			0.34			1727431.467837			0.8997038895			4.923			0.201			3.832			0.243			1683506.890818			0.8768265056			13.549			1.326			13.154			1.395			1748492.311142			0.9106730787			26.853			1.417


			114																																																																																													6.833			0.868			6.159			0.954			1742637.040713			0.9076234587			4.811			0.175			3.807			0.236			1698344.431692			0.8845543915			18.863			3.31			18.566			3.323			1763831.931619			0.9186624644			34.874			4.069


			115																																																																																													11.847			3.165			11.389			3.321			1758583.701993			0.9159290115			5.449			0.357			4.677			0.531			1713862.026169			0.892636472			28.362			4.793			26.066			2.854			1780040.6249			0.9271044921


			116																																																																																													16.368			2.339			16.193			2.607			1773388.319267			0.9236397496			6.778			0.952			6.3			1.141			1728274.591841			0.9001430166															1794928.685375


			117																																																																																													22.435			3.767			21.782			3.445			1788948.801345			0.9317441674			10.379			2.474			9.989			2.655			1743420.741117			0.908031636															1810688.447453


			118																																																																																													31.823			3.147									1804432.539422			0.9398086143			14.716			2.81			14.431			2.879			1758511.918793			0.9158916244															1826358.109532


			119																																																																																																									1818787.165494			0.947284982			21.277			2.993			21.26			3.133			1772543.965663			0.9231999821															1840882.250804


			120																																																									4.3590			0.1270			3.3220			0.1740			1653607.9871			0.8613


			121																																																									4.2700			0.0790			3.2910			0.0900			1667483.7879			0.8685


			122																																																									4.3510			0.1250			3.3980			0.1350			1681382.2532			0.8757																																																																																																2.6260			0.2140			2.4640			0.2360			1664385.105522


			123																					4.3990			0.1020			3.3680			0.1350			1672728.8520			0.8712																					4.4610			0.1110			3.4840			0.1500			1695025.5953			0.8828																																																																																																2.8370			0.1900			2.6750			0.1960			1679964.5192


			124																					4.4600			0.1210			3.5290			0.1660			1686903.9364			0.8786																					4.5920			0.1420			3.7050			0.1830			1709361.5957			0.8903																																																																																																2.9210			0.2360			2.7630			0.2450			1692716.107264


			125																					4.6050			0.1950			3.7560			0.2720			1700247.6053			0.8855																					5.0620			0.6110			4.3200			0.7230			1722889.7046			0.8973																																																																																																3.0440			0.3900			2.8960			0.4090			1706488.454132			0.8887960699


			126																					4.7100			0.2130			3.9020			0.2830			1713528.4674			0.8925																					5.9730			0.7110			5.5140			0.8470			1736367.6723			0.9044																																																																																																3.5320			0.4870			3.4750			0.5330			1720291.541001			0.8959851776


			127																					5.0690			0.3360			4.3750			0.4260			1726652.9058			0.8993																					7.1840			0.9650			6.7660			1.0350			1749668.0395			0.9113																																																																																																5.4650			1.0130			5.6330			1.0880			1733347.879067			0.9027853537


			128																					8.5930			1.1940			8.3400			1.3500			1740854.8463			0.9067																					14.3630			2.2380			14.2490			2.4020			1764038.1504			0.9188																																																																																																9.7280			2.1170			10.1850			2.5040			1747010.749135			0.9099014318


			129																					10.5830			1.2270			10.4430			1.3630			1754405.4232			0.9138																					17.2130			1.8080			17.1310			1.8430			1777776.9077			0.9259																																																																																																12.2380			2.3150			12.4930			2.3580			1761134.931206			0.9172577767


			130																					13.8190			1.8780			13.5620			1.9100			1767078.5784			0.9204			4.2250			0.1530			3.1770			0.2080			1649092.3462			0.8589			22.4750			3.9690			21.7230			2.7920			1790643.2250			0.9326			4.3440			0.1800			3.3770			0.2280			1685191.6908			0.8777																																																																														18.7750			3.2660			19.0370			3.2750			1774225.380071			0.9240757188


			131																					22.0260			4.9550			21.3110			4.4750			1781262.6013			0.9277			4.1630			0.1030			3.1540			0.1620			1662314.8687			0.8658			32.6890			4.8320			28.1570			2.2290			1805010.8262			0.9401			4.3150			0.1350			3.3960			0.2000			1698708.1637			0.8847																																																																														22.1640			2.7430			22.4080			2.7670			1788649.711743			0.9315883915


			132																					29.9650			5.0610			26.7760			2.7720			1795820.4370			0.9353			4.1450			0.1020			3.1630			0.1140			1675870.9544			0.8728																					4.3360			0.1340			3.4400			0.1580			1712560.0470			0.8920																																																																														34.3940			3.9710			29.1740			1.2180			1802401.176612			0.9387506128


			133																																	1807902.0194			0.9416			4.2490			0.1270			3.2820			0.1390			1687194.3488			0.8787																					4.5370			0.1130			3.6950			0.1230			1724129.6806			0.8980


			134																																	1821990.4703			0.9490			4.2620			0.1320			3.2930			0.1750			1700325.0845			0.8856																					5.3770			0.5910			4.8280			0.7610			1737548.0599			0.9050


			135																																							4.2140			0.1220			3.2920			0.1530			1712471.1190			0.8919																					7.0190			1.2600			6.6510			1.3850			1749959.1356			0.9114


			136																																							4.5660			0.2590			3.7580			0.3200			1726592.7522			0.8993																					10.3600			1.6950			10.1500			1.8430			1764390.4092			0.9190


			137			4.3290			0.1290			3.4400			0.1640			1700521.7393			0.8857																					5.1310			0.5460			4.4910			0.6390			1737953.1775			0.9052																					15.3070			3.9160			15.1170			3.8640			1775999.0761			0.9250


			138			4.4120			0.1930			3.5320			0.2490			1713624.6542			0.8925																					7.1840			1.0850			6.9170			1.2060			1751320.0980			0.9121																					21.7450			3.1300			21.4690			3.1710			1789659.0857			0.9321


			139			4.7580			0.2300			3.9840			0.2980			1726072.7478			0.8990																					9.4760			1.2170			9.1450			1.2770			1764044.4976			0.9188																					26.2230			3.9290			25.1830			3.1690			1802661.9038			0.9389


			140			5.2350			0.5970			4.6200			0.6870			1737839.3223			0.9051																					13.2970			1.6230			13.0020			1.7290			1776090.6933			0.9250																					36.3210			2.3860									1814970.6451			0.9453


			141			7.8090			1.0720			7.4500			1.1420			1751180.5716			0.9121																					19.1940			2.4670			18.9540			2.5600			1789694.0017			0.9321


			142			9.7710			1.6250			9.4650			1.6700			1763214.0320			0.9183																					26.2210			4.0370			25.2060			3.2470			1802006.5898			0.9385


			143			13.3430			1.8160			13.0000			1.8200			1775304.9877			0.9246																					32.4580			3.5110			29.0110			1.2510			1814372.9471			0.9450


			144			20.0280			2.7220			19.8560			2.7750			1788249.2769			0.9314


			145			28.9630			3.0010			27.7010			2.2640			1800772.2558			0.9379


			146


			147


			148


			149


			150


			151


			152


			153


			154


			155


			156


			157


			158


			159


			160








NumClients (TO)


			Iub Simulation, downstream


			ETE: End-to-End delay


			...TxDelay: Transmission delay (includes queuing before transmission)


			Confidence Level: 95%


			Link Rate:			1920000


			TimeOut for Container: 3 ms


			MuxContainer max: 2400 bit (incl. IP)


			#NumClients			ETE-Delay			Conf.ETE			CIPTxDelay			ConfCIPTx			Mean Bandwidth			Utilisation			ETE-Delay			Conf.ETE			CIPTxDelay			ConfCIPTx			Mean Bandwidth			Utilisation			ETE-Delay			Conf.ETE			MuxTxDelay			ConfMuxTx			Mean Bandwidth			LinkUtil			ETE-Delay			Conf.ETE			MuxTxDelay			ConfMuxTx			Mean Bandwidth			Utilisation			ETE-Delay			Conf.ETE			MuxTxDelay			ConfMuxTx			Mean Bandwidth			Utilisation


									0.9500						0.9500												0.9500						0.9500												0.9500						0.9500												0.9500						0.9500												0.9500						0.9500


			120


			121


			122


			123


			124


			125


			126


			127


			128


			129


			130


			131


			132


			133


			134			4.1010			0.0780			3.1010			0.1660			1663727.2239			0.8665


			135			4.0550			0.0830			3.0660			0.1290			1675592.3556			0.8727


			136			4.2500			0.1510			3.3740			0.1980			1689451.1788			0.8799


			137			4.2900			0.1260			3.4370			0.1640			1700526.8273			0.8857


			138			4.3600			0.1950			3.5310			0.2500			1713633.1534			0.8925


			139			4.7330			0.2400			3.9770			0.2950			1726078.6422			0.8990


			140			5.2260			0.6010			4.6180			0.6880			1737843.4311			0.9051


			141			7.8080			1.0720			7.4470			1.1430			1751184.4244			0.9121


			142			9.7710			1.6250			9.4640			1.6700			1763217.1040			0.9183


			143			13.3430			1.8160			13.0000			1.8200			1775308.9621			0.9246


			144			20.0330			2.7280			19.8600			2.7810			1788255.6257			0.9314


			145			28.9630			3.0020			27.7010			2.2640			1800776.7070			0.9379


			146


			147


			148


			149


			150


			151


			152


			153


			154


			155


			156


			157


			158


			159


			160








Utilisation


			120			120			120			120


			121			121			121			121


			122			122			122			122


			123			123			123			123			0.8712129437


			124			124			124			124			0.8785958002


			125			125			125			125			0.8855456278


			126			126			126			126			0.8924627434


			127			127			127			127			0.8992983885


			128			128			128			128			0.9066952325


			129			129			129			129			0.9137528246


			130			130			130			130			0.9203534263


			131			131			131			131			0.9277409382


			132			132			132			132			0.9353231443


			133			133			133			133			0.9416156351


			134			134			134			134			0.94895337


			135			135			135			135


			136			136			136			136


			137			137			137			137


			138			138			138			138


			139			139			139			139


			140			140			140			140


			141			141			141			141


			142			142			142			142


			143			143			143			143


			144			144			144			144


			145			145			145			145


			146			146			146			146





CIP


PPPmux


TCRTP


cTCRTP


uncompressed CIP


Link Utilisation


0.8612541599


0.8684811396


0.8757199235


0.8828258309


0.8902924978


0.8973383878


0.9043581626


0.9112854373


0.91876987


0.9259254728


0.8589022637


0.9326266797


0.8777040056


0.8657889941


0.9401098053


0.8847438353


0.8728494554


0.8919583578


0.8787470567


0.8979842087


0.8855859815


0.9049729479


0.8919120411


0.9114370498


0.8992670585


0.9189533381


0.8856884059


0.9051839466


0.9249995188


0.8925128407


0.9121458844


0.9321141072


0.8989962228


0.9187731758


0.9388864082


0.905124647


0.9250472361


0.945297211


0.9120732144


0.9321322926


0.9183406417


0.9385450989


0.9246380144


0.9449859099


0.9313798317


0.9379022166





ATM_ETE_Delay


			105			0.103			0.103			4.818			4.834			0.117			0.117			0.1			0.1			5.194			0.202			0.202


			106			0.186			0.186			4.847			4.813			0.187			0.187			0.161			0.161			5.254			0.161			0.161


			107			0.136			0.136			4.92			4.808			0.152			0.152			0.131			0.131			5.507			0.247			0.247


			108			0.135			0.135			5.076			4.883			0.158			0.158			0.115			0.115			5.645			0.236			0.236


			109			0.148			0.148			5.159			4.817			0.249			0.249			0.129			0.129			6.232			0.486			0.486


			110			0.145			0.145			5.615			4.766			0.351			0.351			0.118			0.118			8.427			1.607			1.607


			111			0.148			0.148			7.261			4.806			0.782			0.782			0.119			0.119			15.926			2.99			2.99


			112			0.196			0.196			10.399			4.873			1.599			1.599			0.147			0.147			21.645			5.408			5.408


			113			0.269			0.269			13.549			4.923			1.326			1.326			0.201			0.201			26.853			1.417			1.417


			114			0.868			0.868			18.863			4.811			3.31			3.31			0.175			0.175			34.874			4.069			4.069


			115			3.165			3.165			28.362			5.449			4.793			4.793			0.357			0.357						NaN			NaN


			116			2.339			2.339						6.778			NaN			NaN			0.952			0.952						NaN			NaN


			117			3.767			3.767						10.379			NaN			NaN			2.474			2.474						NaN			NaN


			118			3.147			3.147						14.716			NaN			NaN			2.81			2.81						NaN			NaN


			119			NaN			NaN						21.277			NaN			NaN			2.993			2.993						NaN			NaN


			120			NaN			NaN									NaN			NaN			NaN			NaN						NaN			NaN





CIP/AAL5/ATM (max. 300 Byte IP pkt.)


cTCRTP/AAL5/ATM (max. 280 Byte IP pkt.)


CIP/AAL5/ATM (max. 280 Byte IP pkt.)


cTCRTP/AAL5/ATM (max. 300 Byte IP pkt.)


Number of Users


99.9 percentile delay [ms]


Voice-Delay (95% confidence level)


5.123


5.129


5.124


5.222


5.16


5.112


5.194


5.35


5.492


6.833


11.847


16.368


22.435


31.823





ATM_MuxTxDelay


			105			0.147			0.147			3.533			3.184			0.152			0.152			0.137			0.137


			106			0.225			0.225			3.633			3.265			0.236			0.236			0.217			0.217


			107			0.184			0.184			3.831			3.405			0.189			0.189			0.174			0.174


			108			0.229			0.229			3.988			3.55			0.217			0.217			0.219			0.219


			109			0.22			0.22			4.219			3.643			0.302			0.302			0.211			0.211


			110			0.221			0.221			4.956			3.499			0.478			0.478			0.183			0.183


			111			0.212			0.212			6.836			3.634			0.9			0.9			0.19			0.19


			112			0.27			0.27			10.101			3.793			1.7			1.7			0.215			0.215


			113			0.34			0.34			13.154			3.832			1.395			1.395			0.243			0.243


			114			0.954			0.954			18.566			3.807			3.323			3.323			0.236			0.236


			115			3.321			3.321			26.066			4.677			2.854			2.854			0.531			0.531


			116			2.607			2.607						6.3			NaN			NaN			1.141			1.141


			117			3.445			3.445						9.989			NaN			NaN			2.655			2.655


			118			NaN			NaN						14.431			NaN			NaN			2.879			2.879


			119			NaN			NaN						21.26			NaN			NaN			3.133			3.133


			120			NaN			NaN									NaN			NaN			NaN			NaN





CIP/AAL5/ATM (300 Byte IP pkt.)


cTCRTP/AAL5/ATM (296 Byte IP pkt.)


CIP/AAL5/ATM (296 Byte IP pkt.)


Number of Users


99.9 percentile delay [ms]


MuxTx-Delay (95% confidence level)


3.434


3.529


3.672


3.819


3.932


3.793


3.974


4.239


4.397


6.159


11.389


16.193


21.782








