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On Header Removal and Handover

1. Introduction

When an MS which is connected to Iu interface moves from one radio access network to another a handover and relocation of RNS context is carried out. There are some differences how this procedure is performed depending on whether the target RAN is UTRAN or GERAN and which header adaptation scheme is used. In UTRAN header compression is used to improve spectral efficiency of IP telephony service. In GERAN header compression is not as useful, because voice channels have been optimized to certain frame format and therefore compressed RTP/UDP/IP headers cannot be sent together with the voice frame on optimized channels. For this reason, it has been proposed to use header removal in GERAN. In header removal the RTP/UDP/IP headers are not transmitted over the radio. Thus, the payload format remains the same and the existing channel coding schemes can be used. 

Header removal and header compression are different from each other w.r.t. where the RTP/UDP/IP protocols terminate. This must be taken into account in case of handovers. In this document, we show how handover and SRNS relocation can be carried out in cases of GERAN-GERAN Iu mode, GERAN-UTRAN and UTRAN-GERAN handover and relocation. Issues relating to header adaptation are also covered.

2. Header REmoval and Handover

In order to ensure good voice quality in an IP telephony system it must be guaranteed that the receiving peer entity is able to play the frame at the right time. It is therefore important that RTP time stamp and sequence number do not jump during a handover but continue normally without a disruption. This requires that in SRNS relocation time stamp and sequence number (possibly also some other fields) are transferred from source RNS to target RNC/BSC. 

When header removal is used in GERAN and the target RAN uses header compression (e.g. target is UTRAN) the situation is different. In this case the RTP/UDP/IP user plane protocol end-point changes from network to the terminal. Continuation in time stamp and sequence number can be guaranteed only by transferring the field values from network to the terminal. 

2.1 Handover and SRNS Relocation

It is assumed that the basic hard HO and SRNS Relocation procedure is the same in case of GERAN-GERAN Iu mode, GERAN-UTRAN and UTRAN-GERAN handover. The difference between these three cases is which handover command and handover command complete message is used and which way the physical layer connection is established. An example of possible message flow is presented in figure 1. It should be noticed that Relocation Commit message in step 8 can be used only if Iur-g interface is available. At the time being it is open whether this interface exists between GERAN and UTRAN. 
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Figure 1. Inter-SGSN handover signaling 
1) Based on measurement results, the source RAN decides to initiate a combined hard handover and SRNS relocation.

2) The source RAN initiates the relocation preparation procedure by sending a Relocation Required message to the old SGSN. The source RAN shall include RRC protocol context and other necessary information into a transparent container.

3) The old SGSN determines from Target ID if the SRNS relocation is intra-SGSN SRNS relocation or inter-SGSN SRNS relocation. In case of inter-SGSN SRNS relocation the old SGSN initiates the relocation resource allocation procedure by sending a Forward Relocation Request message to the new SGSN. 
4) The new SGSN sends a Relocation Request message to the target RAN. After all the necessary resources for accepted RABs are successfully allocated, target RNC/BSC shall send the Relocation Request Acknowledge message to the new SGSN. All radio-related information that the MS needs for the handover are included in a transparent container. 
5) When resources for the transmission of user data between target RNC/BSC and new SGSN has been allocated and the new SGSN is ready for relocation of SRNS, the Forward Relocation Response message is sent from the new SGSN to the old SGSN. This message indicates that the new SGSN and target RNC/BSC are ready to receive from source RNC/BSC the downstream packets not yet acknowledged by MS, i.e., the relocation resource allocation procedure is terminated successfully. 

6) The old SGSN continues the relocation of SRNS by sending a Relocation Command message to the source RNC/BSC. 

7) Upon reception of the Relocation Command message from the PS domain, when the source SRNC/BSC is ready, it triggers the execution of relocation of SRNS by sending to the MS the handover command (or similar UTRAN message) received in the transparent container from the target RNC/BSC. 

8) The source SRNC/BSC continues the execution of relocation of SRNS by sending a Forward SRNS Context (RAB Contexts) message to the target RNC/BSC via the old and the new SGSN. In case Iur-g is available Relocation Commit message can be sent instead. This message could carry header compression or header removal context.
9) After having sent the Forward SRNS Context message/Relocation Commit, source RNC/BSC begins the forwarding of data for the RABs to be subject for data forwarding. The data forwarding at SRNS relocation shall be carried out through the Iu interface, meaning that the data exchanged between source RNC/BSC and target RNC/BSC are duplicated in the source SRNC/BSC and routed at IP layer towards the target RNC/BSC.

10) The target RNC/BSC shall send a Relocation Detect message to the new SGSN when the relocation execution trigger is received (i.e. when target RNC/BSC detects the MS on the lower layers). 

11) Upon reception of Relocation Detect message, CN may switch the user plane from source RNC/BSC to target SRNC/BSC. If the SRNS relocation is an inter SGSN SRNS relocation, the new SGSN sends Update PDP Context Request message to the GGSNs concerned. The GGSNs update their PDP context fields and return an Update PDP Context Response message.

12) When the MS has reconfigured itself, it sends handover complete or in case of UTRAN e.g., Physical Channel Reconfigure Complete message to the target RNC/BSC. From now on the exchange of packets with the MS can start.

13) When target SRNC/BSC receives the Handover Complete or Physical Channel Reconfiguration Complete message or the Radio Bearer Release Complete message in UTRAN or Handover Complete message in GERAN, then target RNC/BSC sends the Relocation Complete message to new SGSN. If the SRNS Relocation is an inter-SGSN SRNS relocation, then the new SGSN signals to the old SGSN the completion of the SRNS relocation procedure by sending a Forward Relocation Complete message.

14) Upon receiving the Relocation Complete message or if it is an inter-SGSN SRNS relocation; the old SGSN sends an Iu Release Command message to the source RNC/BSC. When the RNC/BSC data-forwarding timer has expired the source RNC/BSC responds with an Iu Release Complete message.

2.2 GERAN to GERAN handover and relocation

GERAN to GERAN relocation follows the procedure illustrated in figure 1. In this case message 7 is Handover Command and message 12 Handover Complete. Iur-g can be used for sending Relocation Commit message. Forward SRNS Context need not but can be used. Access in the new cell is done according to the GSM handover procedure.

2.2.1 Exchange of header compression and header removal related information

Header compression and header removal (generation) contexts can be transferred to target RNS in the Relocation Commit or Forward SRNS Context messages (step 8). This requires adding a new IE into Forward SRNS Context message (RANAP Relocation Information IE in Relocation Commit message contains the same information as Forward SRNS Context message). As the message transfer delay may cause some drift in the time stamp value it may be beneficial to utilize synchronized clocks to measure the delay in order to compensate this drift. This has been illustrated in the appendix.

IE/Group Name
Presence
Range
IE type and reference
Semantics description
Criticality
Assigned Criticality

Message Type
M

9.2.1.1

YES
ignore

RAB Contexts x n

1 to <maxnoofRABs>


EACH
ignore

>RAB ID
M

9.2.1.2

-


>DL GTP-PDU Sequence
Number
M

9.2.2.3

-


>UL GTP-PDU Sequence
Number
M

9.2.2.4

-


>DL N-PDU Sequence Number
M

9.2.1.33

-


>UL N-PDU Sequence Number
M

9.2.1.34

-


>Header Adaptation Container
O






Range bound
Explanation

MaxnoofRABs
Maximum no. of RABs for one UE. Value is 256.

Table 1. Forward SRNS Context message with the proposed new IE added.

2.3 GERAN-UTRAN handover and relocation

In GERAN to UTRAN handover and relocation case the message 7 in figure 1 would be Inter System To UTRAN Handover Command.  Message 12 would be Handover to UTRAN Complete and that would be sent on UTRAN channel after establishment of lower layer connection. Access to new cell (access bursts in figure 1) is done on a UTRAN channel according to UTRAN specification.

IEI
Information element
Type / Reference
Presence
Format
length


RR management 
Protocol Discriminator
Protocol Discriminator
10.2
M
V
1/2


Skip Indicator
Skip Indicator
10.3.1
M
V
1/2


Inter System to UTRAN Handover Command Message Type
Message Type
10.4
M
V
1


Handover to UTRAN Command
Handover To UTRAN Command
10.5.2.51
M
LV
2-n

Table 2. Inter System to UTRAN Handover Command

Inter System To UTRAN Handover Command contains Handover To UTRAN Command information element. This information element includes all information needed by the MS for handover to UTRAN. 

2.3.1 Exchange of header compression and header removal related information

It is proposed that a new IE is added to Handover to UTRAN Command. This new IE is called Header Adaptation Container. It is proposed as a means to carry header adaptation contexts (including RTP time stamp and sequence number and other required fields if such exist) from GERAN to UTRAN during a handover. 

In order to estimate the transfer delay of the handover command, a TDMA frame number that corresponds to the latest time stamp value could be included in the message. Based on the current TDMA frame number the terminal could compensate the transfer delay and define the correct time stamp value. An example how this could be done has been illustrated in the appendix.

8
7
6
5
4
3
2
1



Handover to UTRAN Command IEI
octet 1

Length of Handover to UTRAN Command contents
octet 2

Handover to UTRAN Command value part
Octet 3-n 

Header Adaptation Container


Table 3. Handover to UTRAN Command with the proposed new IE included 

2.4 UTRAN-GERAN handover and relocation

In this case message 7 in the figure 1 is Handover from UTRAN Command. Message 12 is Handover Complete message, which is sent on a GERAN channel after lower layer connection has been established. Access in the new cell is done according to the GSM specification. 

Table 4 presents Handover from UTRAN Command. This message contains Inter-RAT message (table 5) which defines the target system and contains necessary information for the MS to establish a connection with the target system.

Information Element/Group name
Need
Multi
Type and reference
Semantics description

Message Type
MP

Message Type


UE information elements





RRC transaction identifier
MP

RRC transaction identifier 10.3.3.36


Integrity check info
CH

Integrity check info 10.3.3.16


Activation time
MD

Activation time 10.3.3.1
Default value is "now"

RB information elements





RAB information list
OP
1 to <maxRABsetup>

For each RAB to be handed over

>RAB info
MP

RAB info 10.3.4.8


Other information elements





Inter-RAT message
MP

Inter-RAT message 10.3.8.8


Table 4 Handover from UTRAN Command

Information Element/Group name
Need
Multi
Type and reference
Semantics description

System type
MP

Enumerated (GSM except PCS 1900, PCS 1900, cdma2000)
This IE indicates in particular which specification to apply to decode the transported messages

CHOICE system
MP




>GSM





>>Message(s)
MP
1.to.<maxInterSysMessages>
Bitstring (1..512)
Formatted and coded according to GSM specifications

>cdma2000





>>cdma2000Message
MP
1.to.<maxInterSysMessages>



>>>MSG_TYPE(s)
MP

Bitstring (8)
Formatted and coded according to cdma2000 specifications

>>>cdma2000Messagepayload(s)
MP

Bitstring (1..512)
Formatted and coded according to cdma2000 specifications

Condition
Explanation

System
The 'GSM' choice shall be applied when the IE 'System type' is 'GSM except PCS 1900' or 'PCS 1900', and the 'cdma2000' choice shall be applied when the IE 'system type' is 'cdma2000'.

Table 5. Inter-RAT message
2.4.1 Exchange of header compression and header removal related information

In handover the RTP/UDP/IP user plane protocol end-point changes from terminal to network. However, as the UTRAN PDCP handles header decompression UTRAN has all the time full information regarding to the state of RTP/UDP/IP protocols. Consequently, header compression information need not be transferred between the terminal and the network during the handover. When the relocation is launched the header compression context is included in the header adaptation container in the Forward SRNS Context or Relocation Commit message, see table 1. This way the GERAN RRC receives the information that is needed to configure the header generation function on PDCP layer and it can be guaranteed that the RTP time stamp and sequence number values continue normally throughout  the handover. The drift caused by the message transfer delay can be compensated in the same way as has been described in the appendix for GERAN-GERAN handover case.

3. Conclusions

In this paper we have presented a handover and relocation procedure for GERAN to GERAN Iu mode, GERAN to UTRAN and UTRAN to GERAN cases. The same Iu relocation procedure is used in all cases, only some individual messages are different in different cases. The document shows also how the header adaptation context can be transferred between the radio access networks and in case of GERAN to UTRAN handover between GERAN and the terminal. Further, the examples in the appendix show how the drift caused by the message transfer delay can be taken into account. This way it can be guaranteed that the RTP time stamp and sequence number continue without a harmful disruption throughout the handover procedure.
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Appendix: Synchronization of Time Stamp

4.1 GERAN-GERAN case

A way to ensure smooth continuation of the time stamp value is to utilize synchronized clocks in the network entities carrying out header removal/generation. This has been illustrated in figure 2. The MS sends voice frames 1-4 via source GERAN. Header generation function creates RTP packets and uses local clock to generate the time stamp information for each packet. After sending the relocation commit and handover command messages the "data path" is switched to go via target RAN. The clock synchronization is utilized by including the latest time stamp information and the corresponding clock time in the Relocation Commit (or Forward SRNS Context) message. When the target RAN receives the message it can, based on the local clock and the received information, deduce the right time stamp value. Some frames may be lost during the handover but that should not cause any problems as long as the time stamp value continues without disruption. 
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Figure 2. Time stamp synchronization in GERAN–GERAN handover (Notice that in case of AMR for each 20ms frame time stamp increases by 160). 

4.2 GERAN-UTRAN case

It has been proposed that in case of GERAN to UTRAN handover, handover command could be used for transferring the update of the time stamp value from the network to the terminal. In order to compensate the drift caused by the transfer delay TDMA frame numbers could be used as a measure of the delay. This could be done as follows: 

Both the time stamp value and the concurrent TDMA frame number are included in the handover command. When the MS receives the handover command it can deduce the correct time stamp value from the current TDMA frame number and the received information. The procedure is illustrated in figure 3. In the example the RTP packets 1-3 are sent through GERAN using header removal/generation. After sending the third RTP packet the network sends a handover command to the terminal containing the TDMA frame number when the packet 3 was sent and the corresponding time stamp and sequence number information. In the terminal the right RTP time stamp value can be deduced from the received information. 
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Figure 3. Time stamp synchronization in GERAN – UTRAN HO / relocation
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