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MBMS Reception in 
GERAN RRC&MAC States

1. Introduction

This document is an initial study of the provision of MBMS in different RRC & MAC states, intending at initiating the discussions on this topic.

2. RRC and MAC States

2.1 RRC States

RRC-Idle mode

When in RRC-Idle mode, the connection of the MS is closed on all layers of the access stratum. The MS is identified with non-access stratum identifiers (IMSI, TMSI or P-TMSI). GERAN does not have any information of the MSs in RRC-Idle mode. It can only address by means of broadcasting all MSs in RRC-Idle mode in the cell or all MSs monitoring a paging occasion. MSs in RRC-Idle mode may be in MAC-Idle, MAC-Dedicated or MAC-Shared state. MSs in MAC-Idle state camp on PCCCH and may use DRX (CN parameters). In RRC-Idle mode the position of the MS is not known or known only on a routing/location area level (when attached to the PS/CS CN respectively).

RRC-Cell_Dedicated state

When in RRC-Cell_Dedicated state, the MS has an RRC connection with the GERAN. The MS is identified with access stratum identifiers (G-RNTI, TFI). The MS has one or more DBPSCHs and may have one or more SBPSCHs. The position of the MS is known on a cell level.

RRC-Cell_Shared state

When in RRC-Cell_Shared state, the MS has an RRC connection with the GERAN. The MS is identified with access stratum identifiers (G-RNTI, TFI). The MS has zero or more SBPSCHs. The position of the MS is known on the cell where the last cell update was made.

RRC-GRA_PCH state

When in RRC-GRA_PCH state, the MS has an RRC connection with the GERAN. The MS is identified with its G-RNTI. The MS has no radio resources. MSs in RRC-GRA_PCH state camp on PCCCH and use DRX (GERAN parameters / CN parameters). The position of the MS is known on a GRA level.

2.2 MAC States

MAC-Idle state

In MAC-Idle state, the MS has no radio resources established. The MS camps on PCCCH and may use DRX.

MAC-Shared state

In MAC-Shared state, the MS has one or more SBPSCHs allocated.

MAC-Dedicated state

In MAC-Dedicated state, the MS has one or more DBPSCHs allocated. Note that it may only have one DBPSCH/S allocated.

MAC-DTM state

In MAC-DTM state, the MS has one or more SBPSCHs and one DBPSCH allocated. An MS in MAC-DTM state shall not have any DBPSCH/S allocated.
3. Multicast vs. Broadcast

The main differences distinguishing multicast from broadcast are subscription and joining (IGMP). While broadcast is targetted to all MBMS capable MSs, a multicast session is targetted to these MSs having both a subscription and joined to this multicast session. However, it should be noted that these mechanisms, subscribe and join, are transparent to the RAN itself.

One more difference between these two services is that broadcast is not ciphered (similarly to CBS) and multicast may be ciphered. This may consitute a distinction seen by RAN, depending on where ciphering is performed (ffs).

On the radio, it is desired that both multicast and broadcast use point-to-multipoint connections i.e. radio broadcast. This could be seen as some enhancement to CBS. However, only multicast may use point-to-point connections (in case the user has an on-going non-MBMS service only).
4. MBMS Reception per RRC State

4.1 RRC-Idle Mode

4.1.1 Scenario

While in RRC-Connected mode the reception of MBMS must be specified (e.g. simultaneous reception of MBMS while having an on-going non-MBMS service active), it can be argued whether the multicast reception should be specified at all in RRC-Idle mode. A "typical" scenario is presented below that justifies RRC-Idle mode (or idle-like reception) should be considered.

Hot-spot area (e.g. movie theater, shopping center, airport, city center)

MBMS services: news, sport clips, air traffic information, adds (e.g. welcome messages, shopping adds), movie trailers, etc.

Characteristics:

· It is assumed/known that there are numerous users in the cells of the service area

· It is assumed/known there are numerous joined users: Multicast can be done without any need for checking upon the users

· It is assumed/known there are numerous non-joined users: Broadcast can be done (no ciphering)

· Joining the multicast session can be done beforehand: ciphering keys are delivered during joining

· RRC-Idle mode avoids loading (C-plane) the BSCs + SGSNs unnecessarily

· RRC-Connected mode is –of course– also possible

4.1.2 Point-to-multipoint Connection

Because in {RRC-Idle mode; MAC-Idle state} MSs cannot be addressed independently (except in case of paging), the reception of MBMS must be provided through p-t-m connection, using a radio broadcast mechanism.

The reception of MBMS in {RRC-Idle mode; MAC-Dedicated state} or {RRC-Idle mode; MAC-Shared state} through p-t-p connection is not possible:

· The MS capabilities are not known by the GERAN (the MS is not known by the GERAN)

· The MS may only have one DBPSCH/S

· It wouldn't really make sense

4.1.3 MS behaviour

The reception of MBMS multicast in RRC-Idle mode implies that the MS shall not initiate on its own an RRC connection establishment upon MBMS notification. The GERAN may however trigger RRC connection establishment at MBMS notification.

The MS may use DRX on PCCCH during multicast data transmission. I.e. it needs only to monitor the blocks belonging to its paging group on PCCCH. Therefore, no change to DRX mechanisms is expected. The determination of the paging group shall not be affected by MBMS which is just one PS domain service among others. Any change to this would mean that the MS using DRX would have to monitor the MBMS paging group and "normal" paging group, which as such goes against DRX goal (power saving). Note however that this would not prevent using some "MBMS DRX" mechanism of the MBMS channel itself (FFS), like in cell broadcast service on CBCH.

4.1.4 User Counting

4.1.4.1 Need

Multicasting consists in sending data to specific (joined) users through p-t-p or p-t-m connections. 

The GERAN must provide means to guarantee that all joined users are able to receive
 the intended multicast data within the multicast service area. Note that this is independent from RAN requirement 7 in 25.992
.

a) In order to multicast data in a given cell, the corresponding MBMS RAB (ffs) must be established and there should be joined users in this cell. 

However, b) it does not prevent multicasting in a cell where there is no joined user. 

Besides, c) in order to stop multicasting in a given cell, there should be no joined user in this cell. 

While in the scenario presented above in 4.1.1 it is known that there are inevitably joined users in the cell (assuming a reasonable penetration rate), there are other situations (non hot-spot) where it is not known whether there is any joined user –in RRC-Idle mode– in the cell. It has been proposed in UTRAN that a user counting mechanism (also known as tracking) be introduced in order to switch from p-t-p to p-t-m connections based on a given threshold (not considered in GERAN). However due to a) and c) a "counting" mechanism of joined users in RRC-Idle mode in a given cell might be needed in GERAN. Note here that such counting mechanism is seen by GERAN only.

4.1.4.2 Mechanism

De facto, it is impossible to count the amount of MSs in RRC-Idle mode in a cell as explained earlier. The best one can do is estimate it, but there is no guarantee that an MS that was counted in the cell at a given time will still be there an instant later when data transmission starts. The only way to monitor an MS on cell level is to have it in RRC-Cell_Shared state or RRC-Cell_Dedicated state.

The following issues shall be considered:

· Expected gains counting vs no counting

· In GERAN, all that needs to be known when there is no joined user in RRC-Connected mode in the cell is whether there is at least one joined user in RRC-Idle mode in the cell
, or none at all

· Counting might occur in rare situations only 

· The counting process delays the start of MBMS data transmission

· Buffering needs might increase sharply

· Frequency of counting due to inaccuracy

· Because it is not possible to know the amount of MSs in RRC-Idle mode (as explained above), the counting procedure might need to be repeated frequently to get a "reliable" estimate

· "counting mechanisms":

· must be network initiated: i.e. the network triggers MS to notify themselves

· no change to existing paging or DRX mechanisms should be done

· O&M: i.e. no radio interface mechanisms for counting

The most straightforward mechanism to use for counting would be some group-paging. I.e. a page is addressed to all joined users in the cell for a given multicast session. The reception of a specific page response by the GERAN in a given cell would indicate the presence of at least one joined user in the cell, hence would trigger the start of MBMS data transmission in this cell. However, a mechanism should be included to avoid any potential high amount of collisions in the page responses: this could be done through the introduction of a random delay before answering, further delaying the MBMS data transmission.

4.2 RRC-Connected Mode

4.2.1 RRC-GRA_PCH state

No need is foreseen for having MBMS reception in RRC-GRA_PCH state, apart from Broadcast.

Multicast notification triggers the transition to {RRC-Cell_Shared state; MAC-Idle state} for the users joined to the notified multicast session: Cell Update is sent by the MS. 

4.2.2 RRC-Cell_Shared state

MBMS data reception shall be possible in RRC-Cell_Shared state.

P-t-m or p-t-p connections may be used:

· P-t-m connection shall be used for MSs in MAC-Idle state

· P-t-p connections shall be used for MSs in MAC-Shared state

In MAC-Idle state, the MS shall obey any assignment received by the network during MBMS data transmission. MS initiated UL TBF establishment shall not be affected by MBMS data transmission. I.e. MBMS shall be treated with lowest priority.

MBMS notification is sent on PBCCH (MSs in MAC-Idle state) and on PACCH (MSs in MAC-Shared state). On PACCH, the notification could be simply an assignment of resources using today's mechanisms (e.g. PACKET DOWNLINK ASSIGNMENT). No issue foreseen, only potentially new IE in the message.

4.2.3 RRC-Cell_Dedicated state

An MS in RRC-Cell_Dedicated state may only receive MBMS data through p-t-p connection. This p-t-p connection may be either on DBPSCH or SBPSCH. No change is expected to today's procedures i.e. today's mechanisms allow this. No issue is foreseen.

MBMS notification is sent on PACCH, FACCH or FD[C/T]CH, and could reuse today's mechanisms: no issue foreseen, only potentially new IE in an existing message.

5. ConclusionS

This paper addresses the issue of MBMS reception in GERAN Iu mode, from the standpoint of today's RRC and MAC states. 

Multicast could be received in RRC-Idle mode, RRC-Cell_Shared state and RRC-Cell_Dedicated state, while broadcast could be received in RRC-Idle mode and RRC-GRA_PCH State and {RRC-Cell_Shared state; MAC-Idle state}. The relevance of a counting mechanism as proposed in UTRAN is questioned. 

Most of the required GERAN changes to support MBMS are foreseen to be triggered by the support of p-t-m connections and corresponding requirements.







� Correctly or not


� "Reception of MBMS shall not be guaranteed at RAN level […]". This means that RAN does not support BEC procedures for MBMS


� P-t-m is always used for RRC-Idle mode
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