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Radio protocol aspects of GERAN Enhanced Gb

NOTE:
< Scope and Abstract > At this point, this document is an outline of certain considerations regarding the radio protocol aspects of GERAN Enhanced Gb. The document does not claim to fully cover the issue. It should be used mainly as a basis for further study and discussion.

1 Introduction

1.1 Primary requirements

The purpose of introducing GERAN Enhanced Gb is to expand the applications of the existent GERAN infrastructure, including support of multimedia applications, ultimately involving both conversational and streaming type of services.

In order to minimise the impact on existent BSS infrastructure; GERAN Enhanced Gb should be based on the existing architecture and functional split between the core network and GERAN.

Moreover, GERAN Enhanced Gb should enable early introduction of new services, without compromise to eventual capacity and performance, through a phased programme of definition and implementation.

1.2 Key issues

1.2.1 Multiple and asynchronous data flows

NOTE:
Multimedia applications require that GERAN supports multiple and asynchronous data flows. A number of media streams and other data flows, within a range of QoS requirements, may exist side by side. The bearer services provided by GERAN shall allow data of different kinds to be transferred asynchronously and virtually independent of each other.

1.2.2 Controlling the location of the mobile station

1.2.2.1 General

Introducing support of conversational and streaming type of services means that the network shall be able to provide a negotiated grade of service to the mobile station. To facilitate that, the network requires control of the location of the mobile station.

The network must be able to balance the utilisation of network resources between the different users, in accordance with the negotiated grade of service, and in agreement with the available radio resources of each cell. Efficient and reliable means are needed in the radio protocol to determine the appropriate cell for the service provided to each mobile station. 

The radio protocol shall include means for:

–
The assessment of which cell that is the most suitable for providing service to the mobile station;

–
The handover of the mobile station between cells.

Handover of the mobile station between different cells in the network shall be supported, without any significant impact on the service provided to the mobile station during the handover procedure. 

Handover shall be supported between cells belonging to different routing areas and between cells belonging to different SGSNs. 

Handover between GERAN A/Gb Mode and other access technologies (e.g., UTRAN and GERAN Iu Mode) shall be supported.

1.2.2.2 Handover procedure

In the general handover procedure, where the handover may be performed between cells belonging to different routing areas or controlled by different SGSNs, the handover messages may provide:

–
System information needed for access of the new cell;

–
Assignment of radio resources in the new cell, including TBF assignments for the signalling links and the packet flows that are supported by the handover procedure;

–
Negotiation of LLC parameters in the new environment (XID, etc.);

–
Security information (authentication, regeneration of ciphering keys, etc.);

–
Reassignment of GMM parameters (RAI, P‑TMSI, TMSI, etc.); and 

–
Reassignment of SM parameters (PDP context, QoS, etc.) (FFS).

When changing access technology, specific parameters for the new access technology may be required. 

1.2.2.3 Other procedures

NOTE:
Other procedures than the handover procedure might be needed, having similar requirements for reliability and exchange of information. For instance, there might be a need for in-call modification of radio configuration.

1.2.3 Conservation of architecture and functional split

NOTE:
The effect of the architecture and functional split on the radio protocols needs to be studied. The handover signalling (i.e., the HO Command and HO Complete messages) need to support negotiation of LLC parameters, provision of GMM information and possibly SM information. For instance, parts of the handover command will be generated by the SGSN and other parts by the BSS, this is a bit similar to existing the inter-RAT/mode scenarios.

1.2.4 Phased programme

NOTE:
It need to be covered how the different features can be phased. The basic assumption is that the protocol architecture needs to support future enhancements in a flexible way while not introducing any unnecessary complexity to systems only implementing basic Streaming and Conversational service plus all existing A/Gb services. This assumption needs to be checked for all future optimisations and features such as radio optimisations, increased security, etc.

2 Outline of the radio protocol realisation

2.1 Main assumptions

2.1.1 Multiple TBFs

It is assumed that the radio protocol shall provide support for multiple TBFs.

2.1.2 Layering of the signalling protocols

The existent and growing complexity of the GPRS radio protocol calls for the introduction of a layering of the protocol model. It is proposed that the RLC/MAC layer is separated from the high-level radio resource management tasks. A new protocol entity is introduced. 

The new protocol layer is introduced on the same level in the protocol hierarchy as the traditional RR Management sub-layer in GSM. It is introduced on top of the RLC/MAC layer and operates by utilising the services provided from the RLC/MAC layer. 

The new protocol entity should be distinguished from the existing RR entity in dedicated mode, although a merge could be possible. That is however left as an implementation option. For the purpose of this document, the new protocol entity is denoted as GPRS RR entity, or shortly “GRR” entity.

The GRR protocol is message based and, preferably, the standard L3 message format shall be used (3GPP TS 24.007). The messages are transferred using a TBF provided by the RLC/MAC layer. The LLC layer shall not be used; therefore a separate TBF is needed for these messages. The establishment of the TBF shall indicate the type of data being transferred.

In certain cases, existent RLC/MAC control messages and procedures may be reused. In those cases, the invocation of RLC/MAC procedures is modelled as service primitives between the RLC/MAC layer and the GRR protocol layer.

The assumption is that only a limited set functions related to Handover are moved to/introduced in the GRR layer. It should also clearly be defined when the MS operates in a mode supporting GRR or when the MS is operated in legacy RLC/MAC mode. This makes it possible for MS with only background and interactive service to operate according to existing A/Gb mode procedures.   

2.1.2.1 Functions of the GRR protocol layer

Major functions provided by the GRR protocol layer:

–
Establishment of enhanced Gb connection.

–
Release of enhanced Gb connection.

–
Inter-cell handover procedures: those are applicable when the location of the mobile station is controlled by the network and the negotiation of new radio resources in the new cells takes place within the network prior to the handover command. Inter-cell handover procedures may also involve the reallocation of the mobile station context within the core network, as well as re-routing and/or tunnelling of user data within the core network into the new location of the mobile station.

–
Intra-cell handover procedures: those are applicable at the relocation of the mobile station between independent sets of radio channels within a cell. 

NOTE:
The reallocation of a single TBF or a pair of a downlink and an uplink TBF could be done using legacy RLC/MAC procedures. A possible solution is not to extend that capability of the RLC/MAC layer to support the relocation of multiple TBFs and instead let that case be handled by GRR.

–
Configuration of layer 1 characteristics: in particular when new layer 1 enhancements for conversational bearers are introduced, it is proposed that the activation and management of those be managed by the new protocol layer, rather than using RLC/MAC procedures for that.

–
Measurement reporting: in particular when a slow associated control channel is assigned to the mobile station, messages sent on that channel belong to the GRR protocol entity. (Note: in this case, a LAPDm L2 frame using the short L2 header type 1 is assumed, see 3GPP TS 44.006).)
2.1.2.2 Functions of the RLC/MAC protocol layer

Multiple TBFs shall be supported. Multiple TBFs enable the mobile station to handle parallel and asynchronous data flows with a reasonable degree of multiplexing flexibility.

The RLC layer is preserved essentially as is. TBFs shall be supported in both GPRS and EGPRS TBF mode.

Some reduction of the TBF release procedures could be useful. It could be assumed that a mobile station supporting enhanced Gb is able to operate in extended uplink TBF mode. The use of multiple TBFs may also relax the requirements on the TBF release procedures. A few legacy options in the TBF release procedures could probably be removed, to simplify these procedures.

There could be an issue regarding the use of RLC unacknowledged mode of operation. As it is currently defined, it is useful only if the size of RLC SDUs is in the same order or less than the size of an RLC data block. A robust coding scheme is needed, which means that the size of an RLC data block is not very large, around 30 octets at the most. Frame erasures at the physical layer may also strike out a multitude of RLC SDUs. Taking the restriction in SDU size, an expected protocol overhead at the upper layer and the expected multiplication of frame erasures, the efficiency and performance in RLC unacknowledged mode can be expected to be quite poor and insufficient for conversational services. Taking these objections into account, the legacy form of RLC unacknowledged mode should not be used.

Enhanced Gb may require a new kind of TBF mode to be introduced for the support of conversational services. Further study is needed. However, a transparent RLC mode might be preferable, utilising pre-allocated blocks on the PDCH in both downlink and uplink direction. A MAC header providing a payload type value and USF is probably needed.The main purposes of the MAC layer are to manage the establishment of TBFs and to facilitate the multiplexing of TBFs on the physical resource.

Major functions provided by the MAC layer:

–
Multiplexing of TBFs on the physical resource.

–
Packet access (i.e, uplink TBF establishment), the mobile station initially in packet idle mode. (Note: Packet  access is completed at successful contention resolution. The mobile station enters packet transfer mode.)

–
Initial assignment of downlink TBF (i.e., downlink TBF establishment), the mobile station initially in packet idle mode.

–
Additional assignment of uplink TBF, the mobile station in packet transfer mode (at least one uplink or downlink TBF active).

–
Additional assignment of downlink TBF, the mobile station in packet transfer mode (at least one uplink or downlink TBF active).

–
Reassignment of TBF. (Note: This service is initiated by the network GRR entity and is applicable to a single uplink or downlink TBF.)

–
Pre-emption of TBF (i.e., network initiated release of uplink TBF / abnormal release of downlink TBF).

–
Pre-emption of PDCH (i.e., PDCH Release).

–
Paging. (Note: This is modelled as an independent service offered via GRR to the MM/GMM sub-layer.)

–
Broadcast of system information. (Note: This is modelled as an independent service offered to the GRR sub-layer.)

NOTE:
RLC/MAC “legacy mode” procedures include a number of other MAC functions or variants of MAC functions. The objective here is to reduce the MAC layer to a set of core features that are applicable in enhanced Gb operation. They should be built on a selection of legacy procedures.

2.1.3 Conversational applications

NOTE:
Conversational applications are characterised by stringent delay requirements with packets sent at a regular interval. One example of a conversational application is voice which typically generates data in small packets ( 25 to 30 octets plus protocol overhead) sent at a interval of 20 ms. A certain level (up to approximately 1%) of packet losses is acceptable. There are strict delay requirements (less than 150 ms end-to-end, each way).

Header compression is required to reduce the protocol overhead. An average of around three octets overhead, ranging from RLC/MAC up to and including the UDP/IP level could be acceptable. 

3 GPRS RR operational modes

–
Controlling the location of the mobile station means that a connection is needed between the network and the mobile station.

–
The existent packet idle mode and packet transfer mode need to be complemented by a third mode, “connected transfer mode”, where a signalling connection is maintained between the network and the mobile station. 

–
Entrance and exit criteria for the “connected transfer mode” need to be defined. However no or minimum impacts are expected to the legacy modes (e.g. packet idle mode and packet transfer mode) of operation.

–
In the “connected transfer mode”, the mobile station sends measurement reports to the network (e.g., via SACCH). The network controls the location of the mobile station. The network initiates handover procedures via the signalling connection.

4 GPRS RR protocol

5 RLC/MAC protocol

5.1 Multiplexing of TBFs on the physical resource

5.1.1 General

Multiplexing of TBFs on the physical resource is performed on a block by block basis. Different allocation schemes may be deployed. 

5.1.2 Basic allocation scheme

The basic allocation scheme is inherited from current GPRS and relies on TFI addressing to identify the destination of blocks sent in the downlink direction. In the uplink direction, it relies on a combination of USF, for the allocation of uplink blocks to various sources, and TFI addressing to identify the source of those blocks received by the network.

5.2 Packet access

The legacy procedures are used. One uplink TBF is established in RLC acknowledged mode. The mobile station enters packet transfer mode.

5.3 Initial assignment of downlink TBF

The legacy procedures are used. One downlink TBF is established in RLC acknowledged mode. The mobile station enters packet transfer mode.

5.4 Additional assignment procedures

6 Slow associated control channel

NOTE:
A name is needed for this channel. In this document, this channel is tentatively denoted as “SACCH/P”.

6.1 Purpose and pre-requisite

A radio resource is needed for periodic measurement reporting. It is assumed that a radio resource for this purpose is assigned on a dedicated basis. Primarily, the radio resource is needed for the sending of measurement reports in the uplink direction. Assigning a radio resource on a dedicated basis avoids the overhead of requesting a new radio resource specifically for each measurement report or stealing resources from other signalling or payload data flows. 

Assigning a radio resource on a dedicated basis requires that a connection be established between the network and the mobile station. A failure to maintain the connection shall be detected locally by each endpoint. A release of the connection or the detection of a failure shall triggers the release of any associated radio resource at both endpoints.

The radio resource assigned in this way is a new kind of slow associated control channel. In addition to measurement reporting, this channel should be used for control of the timing advance and the output power of the connected mobile station. The downlink direction of this channel could be used for the sending of neighbour cell information and possibly other system information to a connected mobile station.

6.2 Basic outline

The packet data channels are based on the basic 52-multiframe. Twelve data blocks of four frames each are defined, leaving four spare frames. For any mobile station two of the spare frames are needed as idle frames, facilitating the identification and BSIC decoding of neighbouring cells.

It is suggested to use the other two frames for a new kind of slow associated control channel (SACCH/[tbd]). On a PDCH, those frames are currently used for PTCCH. In the new configuration, the slow associated control channel may replace the PTCCH.

Two sub-channels are defined. The two sub-channels may be assigned separately, allowing two mobile stations to share the same PDCH. Alternatively, one of these sub-channels is combined with PTCCH, allowing one mobile station being assigned a SACCH/P for measurement reporting and, simultaneously, a set of other mobile stations using PTCCH.

6.3 Physical layout

Two SACCH/[tbd] sub-channels are defined using a block mapping based on a 104-multiframe, identical to the typical mapping of the SACCH for traffic channels (table 1):

Table 1: Mapping of “SACCH/[tbd]”

	Sub-channel number
	Direction
	Allowable TN
	Burst type
	Repetition length in TDMA frames
	Interleaved block TDMA frame mapping

	0
	D & U
	0, 1
	NB
	104
	B(12, 38, 64, 90)

	1
	D & U
	0, 1
	NB
	104
	B(25, 51, 77, 103)

	0
	D & U
	2, 3
	NB
	104
	B(38, 64, 90, 12)

	1
	D & U
	2, 3
	NB
	104
	B(51, 77, 103, 25)

	0
	D & U
	4, 5
	NB
	104
	B(64, 90, 12, 38)

	1
	D & U
	4, 5
	NB
	104
	B(77, 103, 25, 51)

	0
	D & U
	6, 7
	NB
	104
	B(90, 12, 38, 64)

	1
	D & U
	6, 7
	NB
	104
	B(103, 25, 51, 77)


NOTE:
An offset in the TDMA frame mapping based on the TN assignment is indicated in the table. The offset is identical to that of an SACCH/TH. The purpose of that is to spread the signalling within the network that is associated with this channel evenly over the channel repetition length. – That is an enhancement and not a necessary requirement.

The network assigns the associated control channel to the mobile station when the mobile station enters the new RR mode. The assignment shall be given for only one TN for each mobile station.

If the network combines this channel with PTCCH in the same timeslot (to be used by other mobile stations in packet transfer mode), only sub-channel number 1 can be used. If PTCCH is not used, both sub-channels can be used, allowing two mobile stations in the new RR mode sharing the same timeslot.

6.4 Protocol

6.4.1 Physical block

The physical block on the SACCH/[tbd] channel is 23 octets. The modulation is GMSK and coding scheme is CS‑1.

6.4.2 L1 header

The first two octets are used for the L1 Header carrying information for MS timing advance and MS power control.

6.4.3 L2 frame

The L2 frame shall use the short L2 header type 1, see 3GPP TS 44.006.

6.4.4 Basic L3 message format

The L3 messages on this channel (tentatively) belong to the “GRR” protocol entity. These messages are non-standard L3 messages. A one-bit protocol discriminator shall be used in the first octet to allow for other protocol entities in the future. The message type is five bits. The two remaining bits of the firs octet corresponds to the short L2 header type 1.

NOTE:
Separating these messages from the usual RR entity allows for a reuse of existing RR message types. However, this may impact on the general aspects of the layer 3 and its sublayers on the GSM Um interface, specified in 3GPP TS 24.007 (clause 11.3.2).

The general format of the L3 messages on this channel is (table 2):

Table 2: General L3 message format on “SACCH/P”

	< General “SACCH/P” L3 message > ::=


< GRR short PD : bit == 0 >






-- See 3GPP TS 24.007 (?)

< Message Type : bit(5) >






-- To be defined for each message separately for UL and DL

< Short L2 header type 1 : bit(2) == 00 >


-- See 3GPP TS 44.006 (?)

< Message Contents : bit** >;





-- 160 bits are available for the message contents



NOTE:
By using the short L2 header type 1 in this way, the protocol becomes compatible with the LAPDm protocol. The L2 protocol could thus be extended with the full LAPDm protocol in future, if needed.

The set of L3 messages to be used on this channel is FFS. Typically, uplink messages are measurement reports, possibly of various kinds. The downlink messages may carry system information.
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