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Layer 2 State Machines in MBMS

1. Introduction

This paper proposes the introduction of layer 2 state machines in the draft GERAN MBMS stage 2 43.246.

2. Background

2.1 Current assumptions (43.246)

The tables below show for A/Gb mode (respectively for Iu mode) the relation between RR mode of operation (respectively RRC and MAC State) and MBMS bearer availability.

	
	Packet idle mode

(GMM-Standby or GMM-Ready)
	Packet transfer mode
	Dedicated mode
	Dual transfer mode



	MBMS multicast
	p-t-m

p-t-p (1)
	p-t-p
	p-t-p (2)
	p-t-p

	MBMS broadcast


	p-t-m


	Not specified (3)


	Not specified (4)
	Not specified (4)

	1) A mobile station is moved to packet transfer mode on establishment of an MBMS p-t-p bearer

2) A mobile station is moved to dual transfer mode on establishment of an MBMS p-t-p bearer

3) Support is optional in the mobile station

4) Note that an MBMS broadcast service is only available on a p-t-m bearer


Table 1. MBMS bearer available according to initial MAC mode and MBMS service

	
	RRC-Idle
	RRC-GRA_PCH
	RRC-Cell_Shared


	RRC-Cell_Dedicated

	
	MAC-Idle
	MAC-Idle
	MAC-Idle
	MAC-Shared


	MAC-Dedicated
	MAC-DTM

	MBMS multicast
	p-t-m

p-t-p (1)
	Not available (2)
	p-t-m

p-t-p (1)
	p-t-p
	p-t-p (3)
	p-t-p

	MBMS broadcast
	p-t-m
	p-t-m
	p-t-m
	Not specified (4)
	Not specified

(5)
	Not specified (5)

	1) A mobile station is moved to MAC-Shared state on establishment of an MBMS p-t-p bearer

2) A mobile station is moved to RRC-Cell_Shared state on establishment of an MBMS bearer (p-t-m or p-t-p)

3) A mobile station is moved to MAC-DTM state on establishment of an MBMS p-t-p bearer if it has no other PS connections established

4) Support is optional in the mobile station

5) Note that an MBMS broadcast service is only available on a p-t-m bearer


Table 2. MBMS bearer available according to initial RRC/MAC state and MBMS service

2.2 State definition (04.18, 04.60, 44.160)

The following definitions can be found from the forementioned specifications:

A/Gb mode

Packet idle mode: In packet idle mode, no temporary block flow (TBF) exists.

Packet transfer mode: In packet transfer mode, the mobile station is allocated radio resources providing a TBF for a physical point-to-point connection on one or more packet data physical channels for the unidirectional transfer of upper layer PDUs between the network and the mobile station.

Dedicated mode: In dedicated mode, the RR connection is a physical point-to-point bi-directional connection, and includes a SAPI 0 data link connection operating in multiframe mode on the main DCCH.
Dual transfer mode: In dual transfer mode, the mobile station is simultaneously in dedicated mode and packet transfer mode. The MS is allocated radio resources providing an RR connection on a dedicated traffic channel and a TBF on one or more packet data physical channels.

A Temporary Block Flow (TBF) is a physical connection used by the two RR entities to support the unidirectional transfer of upper layer PDUs on packet data physical channels.

Iu mode

MAC-Idle state: In MAC-Idle state no TBF exists.

MAC-Shared state: In MAC-Shared state, the mobile station is allocated radio resources providing one or more TBF for one or more point-to-point connections on one or more SBPSCHs. A TBF is used for the unidirectional transfer of upper-layer PDUs between the network and the mobile station.

MAC-Dedicated state: In MAC-Dedicated state a mobile station has been allocated radio resources providing one or more DBPSCHs.

MAC-DTM state: In MAC-DTM state a mobile station has been allocated radio resources providing one or more DBPSCHs and one or more SBPSCHs.

RRC-Idle mode : In RRC-Idle mode, no RRC connection exists betwen the GERAN and the MS

RRC-Connected mode: In RRC-Connected mode, an RRC connection exists between the GERAN and the MS. There are three states in RRC-Connected mode: RRC-GRA_PCH state, RRC-Cell_Shared state and RRC-Cell_Dedicated state

A Temporary Block Flow (TBF) is a logical connection used by two MAC entities to support the unidirectional transfer of upper-layer PDUs on basic physical sub-channels.

3. State machines

Based on the definitions given above, it is clear that today’s state definition also applies to MBMS, with maybe the exception of the packet idle mode / MAC-Idle state. However, the procedures in these states (idle) are not changed due to MBMS. E.g. the MS monitors the relevant paging subchannels on PCCCH.

The applicability of today’s states is the basis behind the tables in 2.1. Moreover, the definition of a TBF is very well suited to a p-t-p connection, whether it be for MBMS or not. A TBF is a layer 2 link established between two layer 2 entities (network and MS) to allow the unidirectional transfer of layer 2 data between these two entities. The applicability of TBF for a p-t-m channel need to be discussed though.

In addition, it can be observed that:

· Monitoring the p-t-m channel does not trigger a state transition

· The assignment/release of a p-t-p connection triggers a state transitions

As a consequence of the above observations and definitions, the state machines for A/Gb mode and Iu mode have been represented below. A state machine is meant at describing the operation of a system by identifying the different states in which the system operates, the allowed transition between these states and the trigger(s) for these transitions. A number of procedures are defined which control the whole system according to its state machine, however it is not the purpose of a state machine to identify all these procedures. E.g. in GPRS today, the transition from packet idle mode to packet transfer mode is triggered by a TBF establishment, and the TBF establishment can be achieved through a number of procedures (two-phase access, one-phase access, etc.).
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Figure 1. State machine in A/Gb mode
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Figure 2. State machine in Iu mode
4. Conclusion

It is proposed that the state machines presented in this document be introduced in the draft GERAN MBMS Stage 2 43.246.

Generally, it is recommended, once again, that MBMS be designed based on existing concepts and mechanisms, and that new mechanims be introduced only if deemed necessary (i.e. in case none of the existing mechanisms can provide the desired functionality in an acceptable manner).
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