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Protocol Architecture and Procedures for GRR

1. Introduction

This paper seeks to define a protocol architecture and set of procedures for the so-called GPRS Radio Resource (GRR) functionality (not to be confused with the GRR defined in 24.007!).  An overview of where this function should be placed within the protocol stack on the MS side and the BSS side is given alongside a list of tasks/procedures that would be expected of such a function.  

A number of open issues have been identified alongside some suggested solutions in order to progress the work in this area.  

2. Scope

The main purpose of GRR is to support Handover of PS dedicated channels but the possibility of using it for other high level radio resource management functions such as “FLO configuration” has also been discussed.  

The context of this paper is to consider GRR functions for conversational services on a dedicated packet channel although the support of streaming services with cell reselection or PS Handover should not be ruled out.  This does not exclude the simultaneous support of other services (e.g. interactive, background or streaming) on the same dedicated channel.  For want of a better term, a Dedicated Packet Data Traffic Channel is referred to as a DPDTCH in the following.  The DPDTCH is seen as being similar to the concept of a PDTCH on a Dedicated Basic Physical Sub-Channel (DBPSCH) in Iu mode.  

It is considered important to limit the GRR functionality to necessary features only and thus where choices exist, only those with strong justification should be considered.  

3. Protocol Architecture

A proposed protocol architecture for the network side and the MS side is provided in the following sections.  The architecture is not complete but focuses on where the GRR functional entity can fit and its interactions with other protocol entities.  

3.1. BSS Side

A first attempt to show how the GRR entity could fit with the other protocol entities in the BSC is shown in Figure 1.  GRR is shown above the RLC/MAC protocol as, the proposed procedures are suited to a Layer 3 protocol and it is envisaged that some (if not all) GRR messages on the Um interface are sent over RLC/MAC.  

It is currently an open question as to whether measurement reports and orders should be sent over LAPDm or RLC/MAC.  They could be carried on SACCH, PACCH or as GRR messages over a GRR signalling TBF.  All of these options are shown in Figure 1.  The paths labelled MR1 (LAPDm/SACCH), MR2 (RLC/MAC/GRR) and MR3 (RLC/MAC/PACCH) are explicitly shown in the figure as three separate options although a fourth (RLC/MAC/SACCH) is also possible.  
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Figure 1
GRR Protocol Architecture (Network Side)

In [1], it is suggested that the use of GRR messages for measurement reports (although SACCH and PACCH are not ruled out) is adopted as the length constraints and periodicity constraints of SACCH will not be the same with GRR.  

However, it is not clear if this extra complexity is justified for the functionality that it provides.  The use of RLC/MAC with SACCH seems to be a more pragmatic way forward as it allows the benefits of RLC/MAC (larger message size compared with PACCH, AM if required) whilst maintaining the existing channel structure.  

Within the protocol model GRR has a link to RR and is assumed to be subservient to RR.  GRR is a separate entity as it relates mainly to the PS domain having interactions with RLC/MAC and BSSGP.  RR is responsible for overall resource allocation and will pass responsibility for some dedicated resources to GRR.  How this is achieved is an issue related to implementation.  Although it is not currently necessary to consider the DTM case of simultaneous CS and PS domain real-time services, it is currently unclear how this would be achieved and further study is required.  

This model also assumes that RR is responsible for paging co-ordination.  When an MS is paged for a CS call, the RR can check whether the MS currently has a GRR connection (dedicated channel) and can pass the CS paging information to the MS over the appropriate channel (PACCH or GRR signalling) to the MS.  However, it is not clear how this can be achieved as CS paging messages will normally contain the TMSI and it is not certain that the BSC will know the IMSI of the mobile with the GRR connection.  This issue requires further study.  

For PS Handover messages received or to be sent on the Gb interface, a new SAPI is required at the BSSGP level in order to distinguish such messages as being GRR related signalling.  The use of a new SAPI simplifies routing of messages and allows the possibility to treat these messages with priority on the Gb interface.  GRR will provide an admission control function for PS Handover.  

GRR will also be responsible for configuring FLO parameters such as the allowed Transport Format Sets.  It is assumed that the segmentation/re-assembly, queuing of packets and TFC selection are MAC functions and belong in the RLC/MAC layer.  

The responsibility for evaluating the QoS information in the PFC is seen as being that of the RLC/MAC in this model.  Thus it will be RLC/MAC that evaluates the QoS requirements of a newly requested data flow (via the PFC) and determines that a dedicated channel is required.  The MAC will therefore initiate the creation of a GRR instance for the MS concerned as the existence of a dedicated packet channel and a GRR instance is seen as being linked.  

3.2. MS Side

As far as the mobile is concerned, the proposed protocol architecture showing GRR and its interactions with other protocol entities is given in Figure 2.  

In a similar manner to the network side protocol architecture, GRR is seen as being subservient to RR.  This means that RR is in charge of the total available resource but may allocate some dedicated resources to GRR for it to manage.  

Although the link to LAPDm for measurement reports is shown, all other options including RLC/MAC with SACCH or a GRR signalling channel are open.  

GRR messages are sent over RLC/MAC as either AM or UM.  An example of this would be the PS Handover Complete message.  There is also an interface between GRR and RLC/MAC for primitives.  For instance GRR will need to configure the RLC/MAC in advance to cell change in the PS Handover procedure in order to be ready for data transfer in the target cell.  

Again, in a similar manner to the network side, GRR will be responsible for configuring the MAC with FLO configurations.  These may need to be changed as new services are added to the same dedicated resource.  
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Figure 2
GRR Protocol Architecture (MS Side)

One difference in the MS side protocol stack to the network side one is the interaction with GMM and SM.  In terms of GMM interaction, one example is the pre-allocation of a new P-TMSI in the case of PS Handover with RA change.  In this case the new P-TMSI is transported to the MS in the PS Handover Command (a GRR message from the network).  The GRR layer extracts all the pre-configuration information including the P-TMSI from the message and passes the P-TMSI to the GMM layer.  The GMM layer will derive the TLLI for operation in the target cell and configure the LLC layer with this value in order to enable data transfer to begin as rapidly as possible in the target cell.  

4. Tasks/Procedures

This section examines the required tasks/procedures for GRR in more detail.  

4.1. GRR Connection

There is clearly a need for a GRR connection between the MS and BSS in order to allow signalling related to PS Handover and FLO configuration.  If a MS is in GRR connected state an implicit signalling connection between the MS and RAN exists.  Although the question of whether dedicated resources (e.g. semi-permanent TBFs with well known TFIs) are allocated for this connection or on-demand resources (normal TBFs) is still an open one.  However, it seems reasonable to allocate pre-defined TFIs for GRR signalling both in the uplink and downlink to save signalling delays in setting up such a channel and as 32 TFI values is more than enough for a single mobile.  

Although this paper focuses on a conversational bearer allocated on a dedicated packet channel (with or without FLO), a question arises about cell reselection.  How is the GRR connection re-established after cell change?  The simple approach might be to require that the GRR is released in the old cell when the MS moves and a new GRR instance is established in the new cell when the dedicated resources are assigned.  For applications that require faster response PS Handover should be used.  

4.1.1. GRR Connection Establishment and Release

In [1], it is proposed that the GRR connection is established from the Radio Access Network side.  This seems to be a reasonable approach.  However, the receipt of an assignment message for the dedicated channel should trigger the establishment of the GRR instance in the MS.   

In order to detect the loss of the GRR connection, it is proposed in [1] that the loss of periodic measurement reports in the UL direction is used and that a periodic DL GRR message is sent.  This seems to be unnecessary as either lower layers will detect the loss of the radio link or the deletion of the PFC in the RAN will lead to the deletion of the GRR instance.  Some simple GRR message from the RAN to the MS such as the “CHANNEL RELEASE” message used in the CS case should be used to notify the MS.  

It is the downloading of the PFC with the appropriate QoS that should be the trigger for the creation of the dedicated channel and the GRR instance in the BSC.  The PFC may be downloaded when the PDP context is created in the SGSN or when the first data packet arrives with an unknown PFI.  Both options should be allowed.  However, in the case where voice data is expected (as opposed to SIP signalling on the dedicated resource which is FFS) the pro-active approach where the PFC is created in the BSC as a direct result of the activate PDP Context procedure in the SGSN, should be adopted in order avoid loss of voice packets.  

GRR in combination with RR and MAC should be able to decide if existing shared channel resources for the MS can be accommodated on the dedicated channel.  In such circumstances GRR will instruct RLC/MAC to move the shared resources onto the dedicated channel via RLC/MAC control messages.  

In the protocol model of Figure 1, we assume that the RLC/MAC is the layer that can evaluate the QoS requirements in a PFC to determine whether the PFC demands the creation of dedicated resources and the associated GRR instance.  RLC/MAC will then trigger GRR (via a primitive) to request the allocation of dedicated resources and the creation of a GRR instance.  Note that this is not admission control, which is the responsibility of GRR, but simply a test to determine if dedicated resources are required.  

GRR will perform resource management functions (perhaps in conjunction with RR), create a GRR instance and request RLC/MAC to allocate dedicated resources to the MS via some form of resource allocation message.  

The GRR instance will normally be released by the termination of a session.  In this case the PDP Context will be released in the SGSN.  We propose that the SGSN will then send a delete PFC message to the BSC to delete the PFC, which in turn will cause the dedicated channel to be released and the GRR instance to be deleted.  

Some more detail on how the GRR instances may be created and destroyed (in relation to the support of FLO) can be found in [3].  

4.2. Measurement Orders/Reports

In [1], it is suggested that AM RLC is used on a GRR signalling channels for measurement orders to the MS including:

· SI5 family of messages

· Measurement Information message

· Packet Measurement Order

The use of AM RLC would be beneficial but could be carried on SACCH.

The use of GRR signalling channels is suggested instead of PACCH or SACCH, as the information has become rather complex and the risk of delaying/losing information increases.  However, the use of SACCH with RLC/MAC should not be ruled out.  

It is unclear as to the real value of the single measurement report suggested in [1] and it is suggested it is not included unless real benefit is shown from such a feature.  

4.3. FLO Configuration

GRR is also responsible for configuring lower layers (RLC, MAC and physical) with FLO configuration information.  The functions of GRR with respect to FLO include:

· Creation and deletion of transport channels

· Configuring the set of allowed transport formats on each transport channel

· Defining the mapping of TBFs onto transport channels

· Configuring the set of transport format combinations.

GRR messages should be used to send FLO configuration information to the MS as RLC/MAC control messages are currently limited to 2 blocks in the DL and FLO configuration data is higher layer information (compared with RLC/MAC) that should be dealt with by a higher layer, namely GRR.  

Further concepts regarding GRR and FLO can be found in [2].  

It is assumed that the RLC/MAC and physical layers handle the segmentation/re-assembly queuing and scheduling functions required to support FLO.  

We currently assume that FLO will be optional for the network and the mobile.  If this is true then the GRR function must be able to determine whether FLO is supported by both sides or not and configure the channels appropriately.  In the case of PS Handover, the GRR entity in the target BSC must be able to transfer the FLO configuration to be used on the dedicated channel in the target cell to the MS whilst it is still in the source cell.  

4.4. Paging

A further requirement for GRR is that of paging co-ordination.  When an MS has a dedicated packet channel assigned and is in GRR Connected mode, it is possible that it will be paged from the CS domain.  

From the protocol architecture of Figure 1, it can be seen that a paging message received by RR needs to be re-directed to the Dedicated Packet Channel.  Thus RR and GRR must co-ordinate so that the BSC can determine that the MS is currently in GRR Connected mode.  The paging message can then be redirected on to the appropriate signalling channel.  As previously mentioned, there is an open issue in such a paging co-ordination function in terms of matching the identifiers used in the paging message with those known in the RAN.  

Whether the signalling channel is PACCH or GRR for CS paging is an open question.  It may be simpler to use PACCH as it is already capable of sending paging messages to the MS.  

4.5. Handover Messages

Messages that are part of the PS Handover procedure are dealt with by GRR.  Messages to and from the SGSN are assumed to be carried over BSSGP but require a separate SAPI so that they can be routed to/from the GRR entity.  

PS Handover messages across the Um interface (such as PS Handover Command and PS Handover Complete) should be GRR messages and should be transported in RLC AM.  

GRR should be responsible for admission control in the case of handover.  When operating in the target BSC, GRR should process the PS Handover Request from the target SGSN and determine if there is capacity available to accept the PFCs that are being handed over.  This may involve co-operation with RR on available resources.  GRR will then respond with a PS Handover Request Ack listing those PFCs that have had resources reserved and those that have not.  

In this case GRR will be responsible for triggering RLC/MAC to set-up the dedicated channel. GRR will also therefore create a specific GRR instance for the dedicated resources.  In the case of FLO, GRR will have to determine whether FLO will be supported on the dedicated resource and if so will have to provide FLO configuration information to the mobile via PS Handover messages to the source BSC.  

GRR is also responsible for processing the measurement reports and making the decision that a handover is required.  

5. Standardisation

There seem to be three major ways to introduce this functionality into the standards:

· Extend 44.060 where some existing GRR functionality exists

· Extend 44.018 which covers RR

· Create a new document specifically for GRR

The third alternative seems to be the worst as it requires more standardisation work and would have to cross-reference the other documents.  

Extending 44.060 seems to be the preferred approach as there is already some of this functionality in there and GRR is specifically aimed at packet services.  The interactions between GRR and RR are fairly limited in the protocol architecture described, whereas GRR has considerable interactions with BSSGP and RLC/MAC.  For these reasons it is proposed that standardisation of GRR should be via extension of 44.060.  

As an example, all new GRR functionality could be captured in section 9a of 44.060.  

6. Open Issues

This section summarises the open issues discussed in this document.  They are listed below:

· Measurement reports carried over PACCH, SACCH (RLC/MAC or LAPDm) or GRR signalling channel?

· Measurement orders over GRR signalling channel or SACCH?

· The nature of GRR signalling channels (e.g. semi-permanent well known TFIs or on-demand TBFs)?

· Should there be one AM GRR signalling channel and a separate UM GRR signalling channel?

· Do we need single measurement reports (commanded by the RAN) in RLC AM?

· How to add this functionality into the standards (44.060, 44.018 or new standard)?

· Which channel should be used for sending CS paging to an MS in GRR connected state (PACCH or GRR signalling)?

· How can paging co-ordination be achieved in the BSS without the use of network co-ordination?

· How is the GRR connection re-established after cell change for cell reselection?

· How will GRR work with DTM?

7. Conclusions

This paper has provided a first pass description of the GRR functionality required for PS Handover of and FLO configuration for conversational (and possibly streaming) services on a dedicated packet channel.  A tentative protocol architecture has been presented in order to try and understand the functionality and interaction of GRR with other protocol entities.  It has discussed the open issues for GRR and seeks provoke discussion towards a consensus within GERAN.  

Specifically, the following proposals have been made in the paper:

· GRR functionality should be kept as simple as possible in order to meet the requirements to support conversational (and possibly streaming) services on a dedicated packet channel.  

· The decision to allocate dedicated Packet resources is based on evaluation of the required QoS in the PFC in the RAN.  

· In normal circumstances the activation of the PDP context in the SGSN should immediately lead to the creation of the PFC in the BSC.  

· The creation of a GRR instance is linked with the allocation of dedicated resources in the packet domain.  

· The RAN is in charge of allocating dedicated resources and creation of the GRR connection.  

· Standardisation of GRR should be achieved via an extension to 44.060.  
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