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1
Introduction

In an ideal telecommunications system the minimum amount of transmit power that can provide satisfactory service will always be used to overcome the radio path. In wireless telecommunications systems that have a large number of subscribers an opportunistic method of transmission can take place where information is relayed between a number of nodes. It has been shown that the most efficient method of communicating is to break a larger path down into a number of smaller hops. However, the efficient routing of data in such a system without incurring the large overhead that is usually associated with ad-hoc routing systems is not trivial. This document aims to describe the process whereby mobile originated (MO) and mobile terminated (MT) routing takes place in both the standard TDD system and in a TDD/FDD system.

2
Neighbour Gathering

The concept of neighbour gathering must be understood for the ODMA routing process to become clear. Neighbour gathering is a process where the local connectivity of an ODMA relay node is assessed through the use of a background probing messages. This neighbour information is stored within a neighbour table. Gradient tables are also derived from the neighbour messages but are used to evaluate the end-to-end connectivity. [Example routeing tables are described in Tdoc180.]  Gradients are effectively a cost function of the routeing messages over a particular path in terms of propagation conditions, number of hops, and other system parameters. In practice each mobile should have at least one gradient to a NodeB which will allow any call set-up procedures to be executed allowing for route acquisition.

3
Systems with integrated TDD/ODMA NodeB

One implementation of ODMA would be to use a TDD system that has all of the ODMA probing mechanisms and procedures built into the TDD infrastructure. This implementation results in system information such as synchronisation and paging messages being readily available from the standard TDD system. Later the mobile originated and mobile terminated ODMA RRC connection establishment procedures are described in subsections 3.1 and 3.2. The ODMA location update procedure is described in section 3.3.

One of the aims of ODMA is to extend the range of the data coverage, e.g. to match that offered by TDD and FDD for speech coverage. A simplistic view of this concept is illustrated in Figure 1.
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Figure 1: ODMA concept diagram with integrated TDD/ODMA NodeB

The example shown in Figure 1 illustrates the concept of how extended data service coverage may be provided using ODMA with and integrated TDD/ODMA infrastructure in 3G TDD. The Figure 1 illustrates a scenario where the background system may provide extended data service coverage directly through the use of ODMA. 

3.1
Mobile Originated call set-up (RRC Connection Establishment)

The mobile originated call set-up procedure will use a number of RRC procedures such as the ‘RRC Connection Establishment’. In this contribution the set-up of an RRC connection is only discussed. The standard ‘RRC connection establishment’ procedure is illustrated in Figure 2.
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Figure 2: Simplified standard MO call set-up procedure                                           (RRC CONNECTION ESTABLISHMENT)

The RRC connection establishment procedure consists of two basic messages. The first is a RRC CONNECTION REQUEST which is made on the RACH resulting in an RRC CONNECTION SETUP message which is received on the FACH (Immediate assignment message on PAGCH in GSM). The immediate assignment message contains details of which TCH and SACCH channel is to be used for the radio link. However, in an ODMA relay system a call set-up will have to negotiate with each ODMA relay node that is used to determine a route.

An ODMA node gathers its neighbours using a background probing mechanism. Once the ODMA mobile has carried out sufficient probing it will be able to transmit messages to the UTRAN. A typical call set-up procedure is illustrated in Figure 3. Note that in a pure TDD system the paging messages and synchronisation information may easily be obtained from the core TDD infrastructure.
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Figure 3: ODMA MO call set-up request                                                                                     RRC CONNECTION ESTABLISHMENT                                                                                       (No last hop i.e. TDD/ODMA NodeB)

1. UEA decides to make a call to another mobile somewhere within the network which results in a RRC CONNECTION ESTABLISHMENT procedure being executed.

2. UEA sends a RRC CONNECTION REQUEST to UEB after consulting its gradient table to determine the best route to the NodeB. The call set-up probe contains details of the required bearer QoS and throughput.

3. UEB responds with a REVERSE RELAYLINK message containing the details of which ODTCH channels may be used for the local connection establishment. Once an ODTCH is available the ODTCH may be used to deliver all further call maintenance communications.

4. The same procedure is executed between UEB-UEC, and UEC-RNC.

5. The RRC CONNECTION REQUEST message is then passed onto the RRC, which negotiates with the core network for a bearer. If the call is allowed the forward-relaylink is required to be established. 

6. After a timeout Troutewait the RRC's gradient table is examined for a suitable connection to the ODMA node UEA. The RRC finds that mobile UEC is its best neighbour for communication with ODMA node UEA and will begin a FORWARD RELAYLINK bearer establishment procedure with UEC together with responding in terms of End-to-end connection through a RRC CONNECTION SETUP message.

7. The same procedure is carried forward between UEC-UEB and UEB to UEA.

8. Once the FORWARD RELAYLINK to UEA has been established then further procedures may be executed over this signalling link.

3.2
Mobile Terminated call set-up procedure

The ODMA mobile terminated call set-up procedure, again concentrating on the RRC connection establishment procedure, is illustrated in Figure 4.
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Figure 4: Mobile Terminated Call Procedure                                                                      (RRC CONNECTION ESTABLISHMENT

In most telecommunications systems the paging of any mobiles is governed by ramping up of paging messages over three expanding location areas. These location areas are last known cell, last location area, and finally a global network page. In ODMA the gradients to all users are not always processed and retained as this would result in every ODMA node keeping a global routing table for all ODMA mobiles within the network - not practical. Thus to overcome this routeing problem in the mobile terminated call set-up procedure the mobile will be paged initially to allow forward-relaylink routes to be calculated to the destination mobile.  A time-out Twaitroute is used to allow sufficient time for routes to be gathered back to the source NodeB. Using this mechanism the call set-up procedure (RRC CONNECTION ESTABLISHMENT) will follow the procedure described in Figure 5.



Figure 5: Mobile terminated call set-up procedure

Note that the procedure is almost identical to the mobile originated case except that the call set-up procedure is invoked using a PAGING message from the network.

1. ID003 is paged with a PAGING message requesting for the mobile be execute an RRC CONNECTION ESTABLISHMENT procedure with the UTRAN.

2. UEA sends a RRC CONNECTION REQUEST to UEB after consulting its gradient table to determine the best route to the NodeB. The call set-up probe contains details of the required bearer QoS and throughput.

3. UEB responds with a REVERSE RELAYLINK message containing the details of which ODTCH channels may be used for the local connection establishment. Once an ODTCH is available the ODTCH may be used to deliver all further call maintenance communications.

4. The same procedure is executed between UEB-UEC, and UEC-NodeB.

5. The RRC CONNECTION REQUEST message is then passed onto the RRC, which negotiates with the core network for a bearer. If the call is allowed the forward-relaylink is required to be established. 

6. After a timeout Troutewait the RRC's gradient table is examined for a suitable connection to the ODMA node UEA. The RRC finds that mobile UEC is its best neighbour for communication with ODMA node UEA and will begin a FORWARD RELAYLINK bearer establishment procedure with UEC together with responding in terms of End-to-end connection through a RRC CONNECTION SETUP message.

7. The same procedure is carried forward between UEC-UEB and UEB to UEA.

Once the FORWARD RELAYLINK to UEA has been established then further procedures may be executed over this signalling link.

3.3
ODMA Location Update Procedure

The ODMA LOCATION UPDATE procedure is required to improve the efficiency of forward-relaylink transmissions to ODMA relay nodes. The location information is stored in the ODMA routeing table that is controlled by the RRC in the RNC. The location update procedure is illustrated in Figure 6.
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Figure 6: ODMA location update procedure

4
Systems employing Last Hop Gateway ODMA Relay Nodes

In systems where FDD infrastructure may be extensive but limited TDD infrastructure is available then last hop gateway ODMA relay nodes should be deployed. Last Hop Gateway ODMA Relay Nodes provide the ability to extend high data rate communications within 3G systems by interworking ODMA functionality with standard FDD infrastructure requiring only nominal changes to the RNC. A simplistic view of this concept is illustrated in Figure 7.



Figure 7: ODMA concept diagram with last hop

Note that this approach is equally applicable to TDD when the NodeB does not have ODMA capability. 

The mobile originated and mobile terminated call set-up procedures with last hop are described in the following subsections.

4.1
Mobile Originated Call Set-up Procedure with Last Hop

In a TDD ODMA last hop system the synchronisation information may be obtained from the backbone TDD system. However, when a backbone FDD system is used the synchronisation may be derived using one of a number of methods. One method is just to broadcast TDD synchronisation information over a wide area at a high power. (The range of the synchronisation information is not limited by any round trip delays between the synchronisation transmitter and the relaying mobiles as it is the difference between the relays that is relevant.) A second method may assume that synchronisation is achieved through a self-synchronisation process executed between ODMA relay nodes. Another alternative is that the ODMA system derives its synchronisation from the standard FDD synchronisation channel. The relative merits of each synchronisation method are FFS.

The communication through ODMA relay nodes is actually simplified with the introduction of Gateway ODMA relay nodes. Assuming that the Gateway ODMA relay nodes are also seeds (deployed and constantly powered) then one could assume that the seeds have been placed in a suitable location to provide good coverage to the NodeB. Although, by extending the opportunistic nature of ODMA in the UTRAN the performance of the Gateway nodes and NodeB(s) may also be assessed using a probing mechanism.

Taking the assumption that synchronisation information is received from a beacon TDD transmitter, a mobile originated call set-up procedure (RRC CONNECTION ESTABLISHMENT) with last hop is illustrated in Figure 8.
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Figure 8: MO call with last hop

1. UEA decides to make a call using an ODMA bearer to another mobile somewhere within the network, which results in a MO RRC CONNECTION ESTABLISHMENT procedure being invoked.

2. UEA sends a RRC CONNECTION REQUEST to UEB after consulting its gradient table to determine the best route to the NodeB. The call set-up probe contains details of the required bearer QoS and throughput.

3. UEB responds with an REVERSE RELAYLINK message containing the details of which ODTCH channels may be used for the local connection establishment. Once an ODTCH is available the ODTCH may be used to deliver all further call maintenance communications. The same procedure is executed between UEB-UEC (Gateway)

4. The RRC CONNECTION REQUEST message is then passed to the UTRAN RRC from the Gateway transparently on a standard FDD (or TDD) bearer.

5. Once a timeout Troutewait has expired the RRC's gradient table is examined for a suitable gradient to the ODMA node UEA. The RRC’s gradient table illustrates that the best gradient is achieved through Gateway ODMA relay node UEC.

6. The standard ODMA bearer procedure is carried forward between UEC-UEB and UEB-UEA establishing localised FORWARD RELAYLINKS and the end-to-end RRC connection is established.

4.2
Mobile Terminated call Set-up Procedure with last hop

In the mobile terminated call set-up case the last hop the procedure will need to be able to recover a paging message. The paging message can be derived from additional information transmitted with the TDD SCH. However, this may complicate what would be a simply a beacon synchronisation transmitter. An alternative method would be to listen to paging messages using the standard FDD mode but then make any additional communications using a TDD ODMA bearer. A further paging implementation (which has been used in practice) would be to use proxy paging from other ODMA relay nodes.

Taking as an example the situation where the paging information is gathered from the current FDD cell transmissions a MT call set-up procedure with last hop is illustrated in Figure 9.



Figure 9: Mobile terminated call set-up procedure with last hop.

1. ID003 is paged [using one of the mechanisms described above] requesting for UEA to set-up a call with the NodeB using a MO call set-up request.

2. UEA sends a RRC CONNECTION REQUEST to UEB after consulting its gradient table to determine the best route to the NodeB. The call set-up probe contains details of the required bearer QoS and throughput.

3. UEB responds with an REVERSE RELAYLINK message containing the details of which ODTCH channels may be used for the local connection establishment. Once an ODTCH is available the ODTCH may be used to deliver all further call maintenance communications. The same procedure is executed between UEB-UEC (Gateway)

4. The RRC CONNECTION REQUEST message is then passed to the UTRAN RRC from the Gateway transparently on a standard FDD (or TDD) bearer.

5. Once a timeout Troutewait has expired the RRC's gradient table is examined for a suitable gradient to the ODMA node UEA. The RRC’s gradient table illustrates that the best gradient is achieved through Gateway ODMA relay node UEC.

6. The standard ODMA bearer procedure is carried forward between UEC-UEB and UEB-UEA establishing localised FORWARD RELAYLINKS and the end-to-end RRC connection is established.

Once the forward-relaylink to UEA has been assigned the ODMA route has been established allowing data and further network system information to be exchanged.

4.3
ODMA Location Update Procedure with last hop

The ODMA location update procedure is required to improve the efficiency of forward-relaylink transmissions to ODMA relay nodes. The location information is stored in the routeing table that is controlled by the RRC in the RNC. In the case with a gateway last hop the routeing table has to take into account of the first hop to the gateway ODMA relay node. One such location update procedure is shown below in Figure 10.

[image: image7.wmf]UE

A

ID003

ORACH: ODMA LOCATION

UPDATE

UE

B

UE

C

 (Gateway)

NODEB

RNC

ID002

ID001

ID000

Location information is

provided to the network to

increase the efficiency of

algorithms searching for a

given user.

Broadcast of additional TDD

SCH information

ODMA ORACH information

is transmitted transparently

to the NodeB by the FDD

ODMA gateway node.

ORACH: ODMA LOCATION

UPDATED

 ODMA LOCATION UPDATE


Figure 10: Location Update procedure with last hop

5
Conclusions

The document highlights the proposal for ODMA RRC messages to be able to be passed through a current RRC connection.

page  
2

