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1
General

A GPRS Radio Resource management (GRR) protocol could be needed, primarily to support handover procedures and possibly a set of other “high level” radio resource management procedures, like the “FLO configuration”, associated with an expected “conversational class of services”. It is therefore suggested that a potential set of GRR procedures are studied within the scope of the REL‑6 work in GERAN.

The “high level” requirements for the GRR procedures are not known at this point. However, from a studying point of view, it is assumed that there is a link between the existence of a PDP context with certain QoS requirements and the existence of a GRR connection between the network (BSS) and the mobile station. A link between the session management and GRR could be needed, because it is assumed that the operator may require a possibility to charge for the existence of a GRR connection. If charging shall be possible, the session management should be aware of the existence of a GRR connection. The network must also be able to release the GRR connection when it is not needed and not charged for. One way to handle this is to link the existence of the GRR connection to a certain property that is introduced in the PFC. The existence of a PFC with this property set requires that BSS establish the GRR connection.

Typical tasks for the GRR protocol would be to manage the locating procedures and the setting-up and configuration of the physical radio resources (i.e.: the flexible layer one, FLO) that may be necessary for the “conversational class of service”.

If a GRR sub-layer is not introduced, the other option would be to extend the RLC/MAC procedures to support this kind of tasks. However, the RLC/MAC procedures are already overloaded by this kind of tasks. Adding further to those is not a very good solution. In general, the RLC/MAC procedures are not the most suitable to handle complex signalling tasks that may require high reliability and an efficient transportation of messages.

The GRR procedures need not to be restricted to the “conversational class of services” only. The GRR procedures could be useful whenever a strict network control of the locating procedures / functions is needed. In this respect, they could be seen as an alternative to the NC2 mode of operation and the NACC procedures in current 3GPP specifications. 

2
Outline

2.1
General

The GPRS Radio Resource management (GRR) procedures include the functions related to the management of locating functions and the management of common transmission resources in the PS domain, e.g.: the physical channels and the logical connections at GRR level.

The GRR entity could be seen an extension of the RR entity, which is used for similar purposes in the CS domain.

Editor:
The relations to the packet idle mode and the packet transfer mode (and other RR modes) need to be sorted out. When GRR is disconnected, the packet idle mode and packet transfer mode are possible and operate as usual. When GRR is connected, either a TBF (in each direction) is (semi-permanently) maintained for GRR signalling purposes or TBFs are allocated on demand as usual. – In this document, it is assumed that GRR connected mode requires that there exists a set of TBFs for the GRR signalling purposes.

Editor:
The application of GRR connected mode in dual transfer mode, i.e., the relation to DTM needs to be sorted out.

2.2
GRR disconnected mode

In GRR disconnected mode, the upper layers may require the establishment of a GRR connection.

2.3
GRR connected mode

In GRR connected mode, a signalling connection exists between the mobile station and the radio access network. When the GRR connected mode has been established, the following services are provided:

–
Handover to maintain GRR connection [inter-cell and potentially intra-cell handover];

–
[Potential:] Configuration of flexible layer one (FLO);

–
Indication of loss of GRR connection;

–
Release of the GRR connection.

Editor:
Other services may be added to this list. The list should be seen as a minimum. There may also be internal procedures, like radio resource reassignment within a cell, that are not directly related to a service (to upper layers).

2.4
Locating functions

The radio access network shall send measurement information to the mobile station in GRR connected mode. It is proposed that the measurement information is sent in acknowledged mode as a GRR signalling message. The measurement information is stored by the mobile station and used as the basis for neighbour cell measurements and other measurements as applicable.

Editor:
The sending of this kind of information in acknowledged mode as a GRR signalling message should be more efficient than the existent methods, where measurement information (the SI5 family of messages, the Measurement Information message, Packet Measurement Order message, etc.) is sent unacknowledged on SACCH or PACCH. The information has become rather complex and the risk for losing / delaying pieces of the information is apparent on an unacknowledged channel.

Neighbour cell measurements and other measurements are sent from the mobile station to the network. The neighbour cell measurements are used to monitor the radio link conditions to the non-serving cells and to identify eligible handover candidates. Neighbour cell measurement reports are on a periodic basis in unacknowledged mode.

Editor:
The sending of this kind of information in unacknowledged mode means that individual measurement reports are lost occasionally. However, new reports are sent on a periodic basis and the loss of occasional measurement reports is not crucial. 

Other kinds of measurement reports could be sent either in acknowledged or unacknowledged mode, depending on the purpose and whether they are sent on a periodic basis or not.

The means for sending measurement reports in unacknowledged mode need to be determined. 

Editor:
One option is to send these reports as RLC/MAC control messages on the uplink PACCH. The other option is to use GRR signalling messages. Allowing GRR messages to be sent in unacknowledged mode might place specific requirements on the RLC/MAC layer [i.e.: using a sub-flow within the “GRR TBF” for that purpose].

2.5
Loss of GRR connection

It shall be possible to detect a loss of the GRR connection. Both the radio access network and the mobile station shall be able to detect the loss of the GRR connection and need to take local actions independently.

In the uplink direction, the periodic measurement reports could be used for this purpose. The loss of measurement reports for a certain period of time should trigger the abnormal release of the GRR connection on the radio access network side.

In the downlink direction, something should be sent in unacknowledged mode on a periodic basis to allow the same type of mechanism in the mobile station [TBD].

3
Services provided by the GRR sub-layer to upper layers

Editor:
Service primitives have been indicated in the tables below. Those are indicative and need to be further elaborated.

3.1
Mobile station side

Table 1: GRR service primitives, mobile station side

	Service Primitive
	Type
	Parameters
	Description

	GRR–ESTABLISH
	IND
	–
	Indicate the establishment of a GRR connection

	GRR–RELEASE
	IND
	Release Cause
	Indicate the release of the GRR connection


3.2
Radio access network side

Table 2: GRR service primitives, radio access network side

	Service Primitive
	Type
	Parameters
	Description

	GRR–ESTABLISH
	REQ
	–
	Request the establishment of a GRR connection

	GRR–RELEASE
	REQ
	–
	Request the release of the GRR connection

	GRR–RELEASE
	IND
	Release Cause
	Indicate the release of the GRR connection

	GRR–FLO CONFIGURE
	REQ
	[TBD]
	[Potential:] Request the configuration of flexible layer one (FLO)


4
GRR signalling procedures

4.1
Establishment of GRR connection

Editor:
It is assumed that the establishment of the GRR connection is initiated from the radio access network side. Other alternatives could be possible, but it is considered as advantageous to have one consistent procedure for this purpose, either radio access network or mobile station originated. A radio access network originated procedure is the preferred choice. 

The establishment of the GRR connection is triggered by a request from upper layers [GRR–ESTABLISH REQ] to the GRR entity on the radio access network side. 

The GRR entity on the radio access network side shall request the establishment of a TBF [in GRR mode] in the downlink direction by sending a GRR INITIALISATION message in RLC acknowledged mode to the GRR entity on the mobile station side.

The GRR entity on the radio access network side shall enable the detection of a loss of the GRR connection.

On receipt of a GRR INITIALISATION message, the GRR entity on the mobile station side shall request the establishment of a TBF [in GRR mode] in the uplink direction by sending a [TBD] message in RLC acknowledged mode to the GRR entity on the radio access network side.

The GRR entity on the mobile station side shall enable the detection of a loss of the GRR connection.

The GRR entity on the mobile station side shall indicate the establishment of the GRR connection to upper layers [GRR–ESTABLISH IND].

The GRR connection is established.

Editor:
Is there a GRR mode of a TBF? – This could be a way to allow both RLC acknowledged and RLC unacknowledged mode of operation associated to the same TFI. This could also be a way to tell that this TFI is used for GRR signalling messages and not for LLC PDUs.

Editor:
Does it need to be mentioned here that a TBF establishment is required? – The establishment of a TBF is a matter for the RLC/MAC layer (below) and should not need to be mentioned here. However, if there are certain properties [GRR mode; RLC acknowledged mode] to be associated with the TBF, they should be specified here.

Editor:
The response message from the mobile station is an open issue? – Based on the assumption that the GRR INITIALISATION message is sent in RLC acknowledged mode, an acknowledgment should not be needed at GRR level, unless there is a parameter negotiation involved (not foreseen). However, the establishment of an uplink TBF for GRR signalling purposes requires that something is sent, assuming that normal establishment procedures are used at the RLC/MAC sub-layer.

4.2
Normal release of GRR connection

Editor:
It is assumed that the normal release of the GRR connection is initiated from the radio access network side. 

The normal release of the GRR connection is triggered by a request from upper layers [GRR–RELEASE REQ] to the GRR entity on the radio access network side. 

The GRR entity on the radio access network side shall stop the sending of [message used by mobile station to detect a loss of GRR connection, TBD]; it shall send a GRR RELEASE message in RLC acknowledged mode to the GRR entity on the mobile station side; it shall start timer [maximum time required for the mobile station to detect a loss of GRR connection, TBD]; when the timer [TBD] expires, it shall proceed with the normal release of the GRR connection.

On receipt of the GRR RELEASE message, the GRR entity on the mobile station side shall stop sending GRR initiated measurement reports and then proceed with the normal release of the GRR connection.

Editor:
The GRR entities should stop the detection of a loss of the GRR connection; they should ignore any lower layer failure associated with a TBF in GRR mode.

At the normal release of the GRR connection, the GRR entity shall request a local abort of any ongoing TBF in GRR mode.

Editor:
In the downlink direction (radio access network to mobile station), the radio access network should perhaps attempt a normal release of the TBF used for sending the GRR RELEASE message.

The GRR entity on the mobile station side shall indicate the release of the GRR connection to upper layers [GRR–RELEASE IND; Release Cause: ‘Normal release of GRR connection’].

The GRR connection is released.

4.3
Abnormal release of GRR connection

The GRR connection shall be considered as abnormally released if the GRR entity detects a loss of the GRR connection or at the event of a lower layer failure associated with a TBF in GRR mode.

Editor:
The conditions specified here may require further consideration. An expansion of the conditions may be needed. A reestablishment of the TBF in GRR mode could be considered, in case of a lower layer failure.

On the radio access network side, the GRR entity shall stop the sending of [message used by mobile station to detect a loss of GRR connection]; it shall send a GRR RELEASE message in RLC acknowledged mode to the GRR entity on the mobile station side; it shall start timer [maximum time required for the mobile station to detect a loss of GRR connection]; when the timer expires, it shall proceed with the abnormal release of the GRR connection.

On the mobile station side, the GRR entity shall stop sending GRR initiated measurement reports and then proceed with the abnormal release of the GRR connection.

At the abnormal release of the GRR connection, the GRR entity shall request a local abort of any ongoing TBF in GRR mode.

Editor:
In the downlink direction (radio access network to mobile station), the radio access network should perhaps attempt a normal release of the TBF used for sending the GRR RELEASE message.

The GRR entity shall indicate the release of the GRR connection to upper layers [GRR–RELEASE IND; Release Cause: ‘Abnormal release of GRR connection’].

The GRR connection is released.

4.4
GRR measurement information procedure

When a GRR connection is established, the radio access network may request the mobile station to send measurement reports to the network; such request is performed by the measurement information procedure. The measurement information procedure is used to initiate a new sequence of measurement reports or to modify an ongoing sequence of measurement reports from the mobile station.

The radio access network shall perform the measurement information procedure after the establishment of a GRR connection.

Editor:
Detailed measurement requirements are not specified here! There should be requirements in 45.008 or other similar specification.

The radio access network shall send the GRR MEASUREMENT INFORMATION message [on a TBF in GRR mode] in RLC acknowledged mode to the mobile station. The GRR MEASUREMENT INFORMATION message shall contain the information the mobile station needs to send measurement reports to the network.

Editor:
Further details may be added, specifying the different measurement options that are available [TBD].

4.5
GRR measurement report procedure

When a GRR connection is established, the mobile station shall send measurement reports to the radio access network as requested in the measurement information procedure.

Editor:
There could be different options for how measurement reports are sent. Re-use of the SACCH has been proposed before, as one option. Using PACCH messages (RLC/MAC control messages like the PACKET MEASUREMENT REPORT message) could be another option. There could however be reason to introduce a new GRR message for this purpose. One reason would be to keep the signalling within the protocol sub-layer where it belongs (nice architecture). Another, more practical, reason could be that GRR messages are not supposed to have the same length constraints associated with unacknowledged SACCH or PACCH messages. RLC segmentation is defined also in RLC unacknowledged mode. As long as the measurement reports are reasonably short (e.g., one or two MCS-1 or MCS-2 blocks), this would be an interesting option.

A measurement report is sent in the GRR MEASUREMENT REPORT message.

If periodic measurement reporting is required, the mobile station shall send the GRR MEASUREMENT REPORT message [on a TBF in GRR mode] in RLC unacknowledged mode to the radio access network.

If a single measurement report is required, the mobile station shall send the GRR MEASUREMENT REPORT message [on a TBF in GRR mode] in RLC acknowledged mode to the radio access network.

Editor:
A way to precise which TBF to use is needed. It is assumed that one TBF is used for GRR signalling messages and that both RLC acknowledged mode and unacknowledged mode are supported [TBD].

Editor:
Further details may be added, specifying the different measurement options that are available [TBD].

4.6
GRR resource re-assignment procedure

Editor:
Is this procedure needed, or is it sufficient to cover the re-assignment procedure as a special case of the handover procedure? – A specialised re-assignment procedure could be more optimised than the more general handover procedure in the intra-cell scenario. – A GRR procedure might be required to allow bi-casting of downlink conversational data (minimises service interruption). 

4.7
GRR handover procedure

4.7.1
General

When a GRR connection is established, an inter-cell or intra-cell change of channel(s) may be requested by the radio access network. The change may be performed by the GRR handover procedure.

The GRR handover procedure includes:

–
The suspension of RLC operation, except for GRR signalling messages;

–
…

Editor:
This list needs to be completed. In addition to the GRR and RLC/MAC related actions, a number of interactions with the GMM sub-layer could be foreseen. In particular, when the handover is performed between routing areas, a pre-allocation of P-TMSI (and local TLLI) could be needed to allow the transfer user plane data to proceed in the new cell without any unnecessary delay. – In this document, it is however assumed that the actual routing area update procedure is performed much in the normal way as a separate GMM procedure after the successful completion of the GRR handover procedure.

4.7.2
Handover initiation

The radio access network initiates the GRR handover procedure by sending a GRR HANDOVER COMMAND message [on a TBF in GRR mode] in RLC acknowledged mode to the mobile station. The radio access network starts timer [Tgrrho.1].

When the radio access network sends this message and when the mobile station receives this message, the RLC operation is suspended, except for the TBFs used for GRR signalling messages. If requested by the radio access network, the RLC status is stored until resumption is indicated on the new channel(s). Otherwise, the RLC status is deleted.

Editor:
There are two possibilities here, either the RLC status is kept and RLC operation resumed in the new configuration. That could include also the GRR TBF!!

The GRR HANDOVER COMMAND message contains:

–
[A full specification of the new channel(s); options; parameters; etc.]

–
…

4.7.3
Physical channel establishment

Editor:
The activation of the physical channel involves activation of the downlink channel in the new cell and synchronisation (to the extent applicable) and activation of the uplink channel in the new cell.

Editor:
There may be a non-synchronised cell case, a finely synchronised cell case, a pre-synchronised cell case and a pseudo-synchronised cell case to consider.

4.7.4
Handover completion

After the lower layer connections are successfully established, the GRR entity on the mobile station side sends the GRR HANDOVER COMPLETE message [on a TBF in GRR mode] in RLC acknowledged mode to the network, specifying cause “normal event”. 

The sending of this message on the mobile station side and its reception on the radio access network side allows the resumption of RLC operation on other TBFs: those not used for the GRR signalling messages.

When the GRR entity on the radio access network side receives the HANDOVER COMPLETE message, it stops timer [Tgrrho.1]. The resources in the old cell are released.

Editor:
In addition, interaction with the GMM sub-layer could be required.

4.7.5
Abnormal cases

[HANDOVER FAILURE message, appropriate cause]

4.8
FLO configuration procedure

[GRR–FLO CONFIGURE REQ; Parameters: …]

5
RLC/MAC procedures

Editor:
Specific requirements on the RLC/MAC sub-layer are mainly related to the TBF used for GRR signalling. Except for that, TBFs are supposed to be operated as normal (with multiple TBF capability as a requirement).

5.1
GRR acknowledged vs. unacknowledged mode

Editor:
One particular problem is that some GRR messages (measurement report, downlink message utilised for link supervision and possible a message corresponding to the (RR) PHYSICAL INFORMATION message) need to be sent in RLC unacknowledged mode. Other GRR messages are sent in RLC acknowledged mode. One solution is, of course, to have separate TBFs for those purposes. However, TFI values are scarce and the GRR must not waste those resources [TBD].

5.2
Uplink scheduling

Editor:
The mobile station may schedule user plane and signalling data on a multitude of TBFs. The network could control the scheduling by means of the USF. However, USF values are even scarcer than TFIs. It is likely that different kinds of user plane data (and signalling) need to share either a common TBF or be scheduled on different TBFs sharing a common USF. In either case, scheduling rules need to be specified and implemented in the mobile station [TBD]. – A parameterisation of those rules might be a matter for the GRR protocol to control.

6
Open Issues

Table 3: GRR open issues

	Issue
	Description

	DTM
	The operation of the GRR sub-layer in dual transfer mode needs to be considered.
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