3GPP TSG-GERAN Meeting #11
Tdoc GP-022532

Los Angeles, USA, 26-30 August 2002
Agenda items 7.1.5.4, 7.2.5.3.4

Source: Siemens

Signalling Requirements for the Flexible Layer One

1 Introduction

The introduction of the Flexible Layer One (FLO) [1] in the GERAN will have an impact on signalling. In particular, the procedures and the messages used to set-up and (where applicable) hand over calls may need some modifications. This contribution investigates what changes will be needed to support FLO, with a particular focus on handover procedures.

We will make the following assumptions:

· The BSS signals in the System Information whether it supports FLO or not; the reason for that is that, if the MS wishes to initiate a call that requires FLO, but the network signals that FLO is not supported in the cell that is currently serving the MS, the MS will not start the call. (Depending on the application, it may alternatively decide to use one of the existing logical channels instead).

· The MS signals in the classmark and/or MS RAC its support for FLO. If this indication is missing (e.g. for pre-Release 6 mobiles), the BSS will infer that FLO is not supported by the MS.

2 Signalling at call set-up

The signalling needed to configure the User Plane protocols at call set-up is presented in [2]. With FLO, in the messages used to set up a call the BSS needs to send to the UE also the parameters needed to configure the layer 2 and the physical layer. In particular, the call set-up messages will need to be modified to include the following information:

· the parameters to configure the Transport Channels

· the parameters to configure the Transport Formats

· the parameters to configure the Transport Format Combination Set

· the parameters to configure the physical layer (e.g. whether the channel is full rate or half rate, the type of interleaving, etc.)

An example of what parameters need to be signalled has been given in a previous contribution [3]. 

3 Handover of calls using FLO

FLO is mainly seen as useful in the context of conversational and/or streaming services. For these services, and particularly for conversational services, handover is needed in order to guarantee the required QoS. In this section the issues associated with handover of a call that uses FLO are investigated. In particular, one of the problems is how the MS knows the configuration of the L2 and of the physical layer (Transport Format Combination Set, etc.) to use in the new cell after the handover.

In particular, the following issues will be investigated:

· What information is needed in the target cell/BSS

· Interworking with nodes when one does not support FLO

In this paper we will focus on the case of handover in Iu mode, in order to gain an understanding of the impact of the introduction of the Flexible Layer One. The case of handover in A/Gb mode is not considered here as, at present, it is not clear whether FLO will be used for services on the A interface; if FLO will be used for services over the A interface, the case of handover in A/Gb mode will be dealt with in a future contribution.

Other cases that need to be considered are those of cell reselection
 and cell change for packet-based services, both for the Iu interface and for the (enhanced) Gb interface. These will also be considered in a future contribution.

In the following sections, it is assumed that the Iur-g interface is not present between GERAN BSSs or between a GERAN BSS and a UTRAN RNS.

3.1 UTRAN procedures

As FLO is a concept that has been derived from the UTRAN, we first give a short description of what happens during an inter-RNS handover in the UTRAN in order to illustrate the handling of the configuration parameters in the source and in the target cell. Section 5.1.7.2 of TR 25.922 [9] shows the message flow in case of SRNS relocation
:
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Figure 1 – UTRAN SRNS relocation

In case of SRNS relocation the source RNC transfers all information about existing Radio Bearers, Transport Channels, Transport Format Combinations etc. to the target RNC. The message SRNS RELOCATION INFO (defined in subclause 14.12.4.2 of TS 25.331 [7]), which is sent by the source RNC to the target RNC via the CN, contains the IEs "UL Transport channel information common for all transport channels", "UL transport channel information list", "DL Transport channel information common for all transport channels", "DL transport channel information list". These fields are used by the source cell to provide information about the configuration used in the source cell (including the L2 configuration).

The target RNC evaluates the received information and decides either to use the configuration sent by the source RNC or to define a new configuration (for example if it is not able to support the requested RABs/RBs/TFCS etc.). It then produces the Handover message, which is sent to the source RNC using the "Target RNC To Source RNC" container. The source RNC sends this message over the air interface to the mobile. Note that it is the target RNC that generates the handover message and thus has full control about the configuration to be used in the new cell.

The target RNC does not have to send information about the L2 configuration in the new cell back to the source RNC at every handover which include an SRNS relocation. If the handover message contains it, then the source RNC will then send the L2 configuration to be used in the new cell to the MS in the handover command. If the MS does not receive this information, it will assume that in the new cell the same L2 configuration as in the old cell should be used. In case no changes to the transport channel configurations are required it is sufficient to produce a physical channel reconfiguration and this would mean that the rest of the configuration is maintained.

Note that in the case of handover from GSM, there is also the option to use either predefined configurations
 or default radio configurations. The predefined configurations are currently only defined for handover from GSM.

It is worth noting that in the UTRAN the handover procedure can be used for packet services in addition to circuit switched services. This is the case, for example, when the packet switched bearer is mapped on the DCH (Dedicated CHannel)
.

In the GERAN, a similar mechanism will be used in the case of handover of a terminal engaged in a call that uses FLO. However, the exact behaviour will be different in several scenarios, which are discussed in more detail in the following paragraphs. 

3.2 Inter-BSS handover, the target BSS supports FLO

In this case, the same principle that is used in the UTRAN applies: the information for the configuration of MAC and physical layer is conveyed by the source to the target node, the target node uses it to generate the handover message, which is then conveyed back to the source node and finally to the mobile. For GERAN Iu mode, for example, two RRC messages have been defined: RRC Information to target GERAN Iu mode BSS and RRC information, target BSS to source BSS (see clauses 11.1.3 and 11.1.4 of TS 44.118 [10], respectively). These messages could be extended to include the information needed for the configuration of the L2 and of the Physical Layer. Therefore, a similar mechanism as the one used in the UTRAN can be used.

One of the issues that arise in this case is that if the target BSS decides to reconfigure the parameters of L2 and the physical layer, then the new configuration needs to be signalled to the MS in the handover command; the increased size of the handover message will increase the handover delay time. In order to reduce the size of the handover message and hence minimise the delay time, an incremental reconfiguration of the parameters should be possible (i.e. the target BSS should have the possibility to signal only the changes with respect to the current configurations). This possibility is available in the UTRAN, and should be made available in the GERAN as well.

3.3 Inter-BSS handover, the target BSS does not support FLO

If FLO is introduced in Release 6, this case could arise, for example, when the handover is from a Release 6 BSS to a Release 5 BSS. It is assumed that the target BSS is an Iu mode BSS (the case of the target BSS being an A/Gb BSS is not considered here, as it involves an inter-mode handover).

If a BSS hands over a call to a BSS that does not support FLO, the channel that the call will be handed over to will be selected depending on the QoS requirements of the service: the target BSS will select, among the existing logical channels, one that is capable of supporting the requested QoS (which is indicated by the RAB parameters). If it is not possible for the target BSS to satisfy the QoS requested (in other words, no appropriate resources can be allocated to maintain the QoS that the call had in the source cell, for example because the service that cannot be supported with the existing logical channels), then  the target BSS will either allow the call to continue with a reduced QoS or it will reject the handover attempt (i.e. the source BSS will receive a handover failure message).

3.4 Handover to UTRAN

The procedure for handover from GERAN Iu mode to UTRAN is briefly summarised in Figure 2:
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Figure 2 – Inter-RAT handover from GERAN Iu mode to UTRAN

When handing over from one RAT to the other, the radio bearer configuration in the new RAT will depend on the QoS requirements of the RAB. The RELOCATION REQUEST message will contain the RAB parameters of the RAB(s) that are being relocated. The mapping from RAB parameters to L2 configurations can only be done by the RRC of the target RAT, as it is desirable not to have in the source RAT any specific knowledge of the target RAT. It may not be possible to map directly the L2 and L1 configuration parameters of one RAT to the parameters of the other RAT (for example, it is envisaged that in the GERAN it will be possible to configure the L1 to use diagonal interleaving, whereas this option is not available in the UTRAN).

Given that the configuration of the layer 2 and the physical layer is decided by the target system based on the RAB parameters, no significant changes are foreseen to the existing handover to UTRAN procedure due to the introduction of FLO.

When a dedicated connection is handed over from GERAN to UTRAN, the RRC in the target RNC has the option to use the predefined configurations and/or default radio configurations (which have already been defined for handover from GSM to UTRAN). The problem with this approach is that the working assumption for these predefined configurations is that only a few services are available in GSM on dedicated channels. As FLO will allow the support of new services, this may not be the case any more. Therefore, the target network may not have a predefined configuration defined for a specific service. If predefined configurations are not used, then the parameters needed to configure the layer 2 and the physical layer must be included in the handover message and sent over the air interface. As the capacity of the dedicated control channels is not very high, this may lead to long handover delay times.

3.5 Handover from UTRAN

Figure 3 shows the signalling flow in case of handover from UTRAN to GERAN Iu mode
:
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Figure 3 – Inter-RAT handover from UTRAN to GERAN Iu mode

If the target BSS supports FLO, it will include in the Radio Bearer Reconfiguration message the parameters to configure L2 and the physical layer. However, the target BSS needs to know whether the MS supports FLO or not: the BSS will decide to use FLO or not depending on the information which is contained in the MS Classmark and/or the MS Radio Access Capabilities (exactly which of the two parameters will be extended to carry the information about support of FLO by the MS is for further study).

In order to reduce the handover delay, one option would be to define predefined configurations and/or default radio configurations for GERAN FLO, similarly to what is done in the UTRAN. In order for the mobile to know whether a GERAN cell supports FLO or not, and therefore decide whether to read predefined configurations form that cell or not, this information should be signalled in the System Information. The exact mechanism to signal the predefined configurations is for further study. For example, they could be broadcast either on the PBCCH (by adding an additional Packet System Information message) or on the CBCH, provided there is enough space available on the two channels.

However, since the dedicated signalling channel in the UTRAN has a higher capacity than the dedicated signalling channel in the GERAN (although the data rate can be configured by the network, a typical value is 3.4 Kbit/s), the handover delay may not be significant
, and therefore the introduction of GERAN predefined configurations may not be justified. This requires further investigation.

4 Conclusions

This document shows that the Flexible Layer One can be introduced in the Iu mode of the GERAN without major changes to the existing call set-up and handover procedures.

Although in the paper we have focused mainly on Iu mode, some of the concepts presented in it could also be applicable to A/Gb mode and enhanced Gb mode. However, in A/Gb and enhanced Gb mode the concept of Radio Access Bearer Service on top of Iu Bearer Service and Radio Bearer Service (see Figure 1 of TS 23.107 [6]) does not exist, and therefore the procedures are likely to be different. This will be investigated in future contributions. We also plan to investigate the impact of FLO on the procedures for packet-based services, such as cell reselection and cell change.
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� In the case of cell reselection, the MS accesses the new cell without or with just minor preparation of resources in the target cell in advance (it is basically a reestablishment of the bearer in the target cell); therefore it is likely that the procedures in the target cell will have many similarities to call set-up.


� Note that the message flow in the figure applies to the case of hard handover.


� In the UTRAN, the predefined configurations are sent in the System Information (SI Block Type 16, see Table 8.1.1 of [7]). A UE will read them while in the idle, CELL_FACH, CELL_PCH and URA_PCH states and will store them in the UE’s memory; a dual-RAT GSM MS will read them from the UTRA System Information while in idle mode or packet idle mode. They are valid over equivalent PLMNs and while in GSM/GPRS, and can be used during an inter-RAT handover to UTRAN.


� Other options are the use of the RACH/FACH or the use of shared channels.


� The message flow takes into account the extensions of the RANAP and UTRAN RRC protocols that have recently been agreed in different groups to cover GERAN Iu mode (see for example [4] and [5]).


� As an example, in [3] it was shown that, for a particular case of VoIP over AMR with FLO, about 360 bits are needed to signal the L2 configuration. If they are signalled over a 3.4 Kbit/s link, their transmission requires around 100 ms.
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