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1. Introduction

During the last TrFO Workshops in Stockholm and Helsinki the UP within the Core Network was discussed and the discussions are not yet finished.

Following alternatives are possible:

1) Iu UP within the Core Network with the option to remove UP terminations during a stable call state

2) I.366.2 within the Core Network

This contribution aims first to point out the complexity of terminating UP protocols and converting Iu UP to I.366.2 protocol, and second to compare network scenarios in cases Iu UP respectively I.366.2 is used within the Core Network.

2. Comparison of Iu UP and I.366.2 protocol

Looking at the configuration shown in figure 1 the termination of the protocols and conversion of the Iu UP to I.366.2 protocol is analysed.
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Figure 1: Mobile-to-Mobile Call I.366.2 within Core Network

2.1 Termination

Iu UP protocol

At the termination points following procedures have to be performed:

· Time Alignment;

· Error Event Handling;

· Frame Quality Classification;

· Frame Numbering;

· Checksum check of header and payload fields.

I.366.2 protocol

Following procedures apply at the termination points:

· Alarm procedure;

· Loop back procedure;

· Counting of packet delay variations, Redundancy Check and Checksum Check for type 3 packets;

· Sequence numbering for type 1 packets.

2.2 Conversion

2.2.1 Procedures

2.2.1.1 Initialisation

Iu UP:
The purpose of the initialisation is to configure both termination points of the Iu UP with RFCIs and associated RAB subflows SDU sizes necessary during the transfer of the user data phase. A list of RCFIs and their respective SDU sizes pass over the Iu UP in the initialisation frame and has to be stored at the MGW. These parameters correspond to the codec type and a set of certain codec modes.

I.366.2:
For the I.366.2 protocol no initialisation procedure is assigned. A profile, which corresponds to the codec type is prearranged via Q2630 signalling. The profile contains all different codec modes. It is not possible to permit a subset of single codec modes. A new procedure has to be created on I.366.2 protocol side which is able to restrict the number of codec modes to a subset of single modes.
2.2.1.2 Rate Control

Iu UP:
The rate control procedure reduces the list of codec modes negotiated at the initialisation. I.e. the Rate control frame has to be evaluated at the MGW, which makes the new list of allowed codec modes available.

I.366.2:
The rate contol described for the I.366.2 protocol is able to limit the set of codec modes to a maximum bit rate. Equal to the initialisation it is not possible to permit a set of certain codec modes.

2.2.2 Frame Formats

An essential difference between both protocols is the different utilization of the AAL type 2 packets.
The area of an Iu UP frame is restricted to the CPS-Payload field of an AAL type 2 packet. The frame area of the I.366.2 protocol includes in addition to the CPS payload field UUI and Length field of the CPS-Header. 
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Figure 2: AAL type 2 CPS-packet


2.2.2.1 Frame Formats used for transfer of user data
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Figure 3: Frame formats used for transfer of user data (example: AMR 6.7)

Frame Elements:

Differentiation between transfer of user data and procedure sending (rate control, initialisation):

The Iu UP uses the PDU Type field. In case of procedure sending the PDU Type set to “14”, 
             for the transfer of user data it is set to “0” 
             The I.366.2 protocol differentiates between both functions via the UUI field of the CPS
             Header.
             For procedure sending, i.e. type 3 packets, it is set to “24”. Type 1 packets for user data 
             transfer uses codepoints “0” to “15”. (Using Iu UP the UUI field is set to “26” as defined for 
             I.366.1.)

Codec Mode:
Each user data packet contains the actual codec mode.
On Iu UP side the codec mode is equivalent to the RFCI parameter.
On I.366.2 side the codec mode is given as a set of pairs (UUI, Length). The first element of each pair is a UUI codepoint in the range 0-15. The second element is the packet length for one of the encoding formats included in the profile.

Sequence of speech bits d(0) to d(133):
For Iu UP d(0) is located at the 1. Octet MSB, for I.366.2 d(0) 
is located at the 1. Octet LSB.
The parameters Frame Number, FQC, Header CRC, Payload CRC are Iu UP specific and have not to be converted.

2.2.2.2 Frame Formats used for Rate Control procedure
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Figure 4: Frame formats used for Rate Control procedure

Frame elements:

On Iu UP side the set of codec modes is given as RCFI (n) Indicators.

To restrict the number of codec modes to a subset of single codec modes on I.366.2 side the frame has to be adapted. One solution would be to repeat the parameter Profile Entry Index M times (M=0 to N-1). Assuming the new frame the RFCI indicators 0 to (N-1) on Iu UP side have to be converted to a respective profile entry index on I.366.2 side.
The parameter Procedure Indicator of then IU UP frame corresponds to the Message Type on I.366.2 side.

The parameter ACK/NACK, Frame Number, Header CRC, Payload CRC, Number of RFCIs, Redundancy, Time Stamp and CRC-10 are UP specific and relate on the termination points.

2.3 Summary

To enable an interworking of  Iu UP and I.366.2 protocol following adaptions, parameter conversions and termination procedures have to be done:

Adaption: To permit any set of codec modes a new packet format for the I.366.2 protocol has to be defined.

Parameter conversions:


Iu UP
I.366.2

Frame area restricted to CPS-Payload field
In addition to the CPS-Payload field the frame area comprises UUI and Length field of the CPS-Header

PDU Type
UUI

Procedure Indicator
Message Type

RFCI(n) Indicator
Profile Entry Index (n)

RFCI
Pair of UUI and Length field

Sequence of speech bits d(0) to d(m). d(0) is located at 1. octet MSB.
Sequence of speech bits d(0) to d(m). d(0) is located at 1. octet LSB.

Termination procedures:


Iu UP

I.366.2

Time Alignment

Alarm Procedure

Error Event Handling

Loop Back procedure

Frame Quality Classification

Counting of packet delay

Frame Numbering

variations, Redundancy Check

Checksum check of header and 

and Checksum Check for Type 3

payload fileds

packets

storage of RFCIs and RAB

Sequence numbering for type 1

subflows negotiated at the

packets

initialisation and limited by the



rate control procedure



No discussion is needed to agree that described termination procedures and conversions requires specific Hardware resources and functionality. Each additional processor load causes additional delays of several milliseconds. Performing these procedures several times one after another the delay is getting noticable, especially for speech calls

Looking for a suitable UP within the Core Network a solution should be found, which saves the resources and avoids big delays, i.e. a low number of terminations and conversions has to be preferred.

The next section verifies this point representing several call scenarios.

3. Core Network Scenarios

This section shows some exemplary call scenarios using Iu UP and I.366.2 as framing protocol inside the Core Network. For the CC signalling the use of BICC protocol is supposed.

3.1 Mobile-to-Mobile Call
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Figure 5: Mobile-to-mobile call

Iu UP: 
During Call Setup, Relocation, insertion of Tones & Announcements and Interception a TrFO break unit is inserted at the MGW-A and optionally at MGW-B, which terminates the Iu UP and inserts a transcoder if required.

No UP conversions have to be performed inside the Core Network

During a stable call state the TrFO break function may be removed. There are two possibilities: 

1. The TrFO break function remains in the data path and monitors the user data path to recognize rate control and additional initialisation. 

2. The TrFO break function is removed completely and will be inserted on demand. 

The through connection of the data path eliminates the terminations points for the most part even TrFO break function has to be inserted: Looking at a standard call the duration the UP has to be terminated in account of performing relocation, insertion of tones and announcements and interception, amounts on average less than 10% of the whole duration of a connection. 

I.366.2:
At MGW-A the Iu UP is terminated and converted to I.366.2. The same is done at MGW-B in reverse direction. If required a transcoder is inserted also. During the whole connection the terminating and conversion functions are inserted. They are released with call release.

3.2 Call to/from GSM
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Figure 6: Call to/from GSM

Iu UP:
At the network border (MGW-B) the Iu UP has to be terminated and converted. To support the GSM codec types the  Iu UP protocol must be enhanced. (One solution would be to include the GSM codec types as additional codec modes in the AMR codec type.) To compress the 64 kbit/s speech a transcoder has to be inserted at MGW-B. For the transport of uncompressed speech (64 kbit/s) transparent mode of the Iu UP protocol is used.

Inside the core network the Iu UP is terminated at the MGW-A during Call Setup, Handover, Tones & Announcements and Interception. The UP termination may be removed during a stable call state (see mobile-to-mobile call).

I.366.2:

Both at the MGW-A and MGW-B the I.366.2 UP is terminated and converted. The I.366.2 protocol supports all different codec types, no further enhancements are needed. To compress the 64 kbit/s speech a transcoder has to be inserted at MGW-B.

3.3 Multi Operator Call
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Figure 7: Multi Operator Call

Both for a RTP/UDP/IP and an I.366.2/AAL2 transit network the MGW´s have to terminate and convert the Iu UP/AAL2 at the network borders obviously.

The advantage to be inline with I.366.2/AAL2 transit networks is questionable, since there are different kind of transit networks.

4. Conclusion

To our opinion the Iu UP is the better solution because of following advantages:

· Inside the core network no protocol conversions have to be performed.

· The optional through connection of the data path eliminates the terminations points for the most part even TrFO break function has to be inserted: Looking at a standard call the duration the UP has to be terminated in account of performing relocation, insertion of tones and announcements and interception, amounts on average less than 10% of the whole duration of a connection. 

· Iu UP inside the core network reduces delays.

· Iu UP inside the core network saves Hardware resources.

· few adaption are necessary to allow GSM codec types.

· For future mobile specific functions the Iu UP will be enhanced very easily.

The advantage to be inline with I.366.2/AAL2 transit networks is questionable, since it is already an open point which kind of transit networks will be available in future.


