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Assisted Cell Change during MBMS p-t-m transmission
1 Introduction

Cell change during p-t-m MBMS transmission has been recognized as critical due to the service interruption that this causes. One method that has been proposed to minimize it is the use of the “MBMS SACCH” (MSACCH) channel [1] but the creation of a new logical channel is considered too complex to be included in Release 6.

This paper investigates the provision of the same information on the PACCH associated with the MBMS traffic (p-t-m) channel. This proposal provides a gain for cell change between cells both transmitting the same MBMS session on p-t-m bearers.

The following points should be noted:

· TSG SA4 is working on FEC codes at application level to protect the MBMS data flow [3], but even interruptions of a few seconds may be too long, e. g. in the case of streaming or for downloading of small files, to be repaired by FEC means [4]. Therefore any reduction of the service interruption time at cell change, with or without routing area update, is welcome. 

· If no p-t-m MBMS bearer is established in the neighbour cell, then the MS will fall back on the normal mechanism for late arrivals [2].

2 Concept

2.1 Principle

The basic concept is to provide in the source cell the information about the MBMS traffic channel in the target cell; by doing so, the MS can resume the reception of MBMS data in the target cell as soon as the new cell has been selected, and during the acquisition of the (P)BCCH information or during the Routing Area Update procedure. Since the MS is required to monitor the (P)PCH during the reception of the MBMS data channel, it shall be able also to read the (P)BCCH in parallel to the MBMS data channel, also in the case of multiple PCCCH.

In detail, a MS which changes cell shall:

· move directly to the MBMS channel allocation in the new cell (provided it has received the relevant information in the source cell). In this way it can resume the MBMS reception (i.e. reduce the outage) even if it is not allowed to send any feedback (in case where a feedback based retransmission scheme is used by the network)

· after a consistent set of System Info is acquired, if a RAU procedure is needed, the MS shall - temporarily - abandon the MBMS bearer, send the RAU Request and go back to listen to the MBMS bearer. In the same way, the MS shall – temporarily - abandon the MBMS bearer to receive the RAU Accept. This means:

· there will be 2 shorter outages (sending of RAU Request, reception of RAU Accept) instead of a single much longer outage (from when the cell reselection is initiated up to the completion of the RAU procedure and then the MBMS assignment) 

· the MS has to maintain the MBMS content (e.g. the RLC status) while performing the RAU procedure. This should not be a problem for a Rel-6 MS supporting MTBFs. MS´s without this capability will lose the benefit of the repeated blocks.

· Once the MS has performed the RAU procedure (if needed), the MS may shortly interrupt again the service in order to access the new cell to get the MBMS ASSIGNMENT. A further optimization may be to avoid this interruption if a dynamic allocated PRACH is available [8].

In the case where the address of the MBMS data channel in the new cell is not available in the MS, or if a MBMS p-t-m channel is not established, the MS shall use the standard mechanism as fall-back, this means it shall acquire the consistent set of (P)SI and access the target cell to get the information about the MBMS traffic channel allocation.

Annex B shows the behaviour of the MS after the cell reselection and the waiting time intervals, during which the MS is able to receive the MBMS data instead of accepting a gap in the reception as in the basic proposal.

2.2 RLC/MAC control messages

In order to use the PACCH associated to the MBMS traffic (p-t-m) channel, it is proposed to enhance an existing RLC/MAC control message like the PACKET NEIGHBOUR CELL DATA message. This message should contain the MBMS_BEARER_ID (in the neighbour cell) and the location of the MBMS traffic channel, i.e. frequency and timeslot(s), where the frequency parameters are coded either using an ARFCN (defining a non-hopping channel), or using direct encoding 2 (defining a hopping radio frequency channel), see subclause 12.8 of TS 44.060 [5]. A detailed example has been given in [1].

It is worth noting that, in case multiple sessions are multiplexed on the same timeslot or groups of timeslots, the information needs to be provided for each of the sessions. The PACKET NEIGHBOUR CELL DATA message will contain in the header the MBMS_BEARER_ID of the session that the data relates to, so the MS is able to identify the session and will only store the information for the session(s) that it is listening to.

3 Transmission of the information

The network will transmit the information on the PACCH in-band within the session.

The information is transmitted in the following cases.

· To provide the users with the information as soon as possible after the MBMS data transfer has started in the serving cell 

· The MBMS bearer is reconfigured in a neighbouring cell. Then the BSC shall broadcast on the PACCH the new bearer configuration in this neighbouring cell. It is however believed that such reconfigurations are relatively rare events

· The information has to be repeated periodically in order for mobiles coming into the cell (late arrivals) to acquire it. This may happen periodically with a configurable, implementation dependent period or, in the case the MS is allowed to request a new identifier, event driven by such occurrences.

This method has to steal bandwidth from the MBMS data stream, but this is in full control of the network. For instance, assuming that the network needs to distribute the information for 20 neighbouring cells (assuming one PNCD message per cell) every 10 seconds, this will consume 1% of the bandwidth of a 4 PDCHs MBMS bearer. Since this will lead to a nearly-zero cell change gap in many scenarios, the expected benefits (lower FEC overhead, fewer p-t-p repairs, etc.) will be much higher.

4 Availability of the information in the BSC

If the neighbour cell is parented by the same BSC as the current cell, the information about the MBMS_BEARER_ID and the MBMS data channel in the neighbour cell is immediately available in the BSC and may be broadcast. If the neighbour cell is parented by another BSC, the information about the MBMS_BEARER_ID and the MBMS data channel in the neighbour cell may be made available in the neighbour BSC via the core network with a new RIM application. The transit time in the core network is estimated to be 50 ms per SGSN, therefore a maximum of 100 ms is introduced in the case of inter-SGSN communication.

Even in the case of a BSC controlling 397 BTSs mentioned in [7], the BSC has to send at the beginning of the session the information of 60 cells with external neighbours. With a payload of 20 to 40 octets per message, the load on the Gb interface remains negligible.

A further point is that the lifetime of such data does not exceed the session duration, they are automatically erased at the end of the session.

It is worth pointing out that the MBMS-specific RIM application may be implemented at a later time than the implementation of the modified PACKET NEIGHBOUR CELL DATA message defined above. If it were not enough time to specify it within the Rel-6 timeframe, this new RIM application could be introduced from Rel-7 onwards and in Rel-6 the Assisted Cell Change would apply to the intra-BSC case only.

5 Benefits of the proposal

The benefits of the proposal are:

1. it minimizes the service interruption of the MBMS service at cell reselection during MBMS p-t-m transmission;

2. it minimizes the service interruption of the MBMS service caused by the Routing Area Update procedure during MBMS p-t-m transmission;

3. it lowers the requirements on the FEC at application layer, and therefore the amount of redundancy in the MBMS data flow. This will be particularly useful in the case of MBMS streaming services and of MBMS download services (in the latter case whenever the size of the file is not large enough to allow the application FEC to bridge the interruption gaps occurring during a (several) cell re-selection(s) without Assisted Cell Change);

4. it minimize the number of needed p-t-p repair connections;

5. it minimizes the amount of data transmitted on each p-t-p repair connection;

6. it avoids any impact on the idle mode procedures.

6 Other considerations

At present, in the UTRAN, the possibility to transmit neighbour cell information in the service cell is available (see subclause 8.3.5 of TS 25.346 [6]). The purpose of the neighbouring cell information is for the UTRAN to inform the UEs of the neighbouring cells that are available for selective combining. At present this information is not used to improve the cell reselection case; however, this possibility is under investigation in RAN2.

7 Conclusions

The present document presents a proposal for transmitting, in the serving cell, the MBMS_BEARER_ID and the location of the MBMS traffic channel relevant to the neighbour cells; this will enable the immediate reception of MBMS data at a cell reselection in the target cell, while other procedures (e.g. acquisition of system information) are performed.

It is proposed:

1. to define a message to carry the needed information on the PACCH, e. g. a modified PACKET NEIGHBOUR CELL DATA;

2. to mandate that MBMS capable MSs be able to receive this message and support the corresponding procedures;

3. to define a new RIM application for MBMS, to carry the information between different BSCs (this can be postponed to Rel-7 if there is not enough time to define it within the Rel-6 timeframe);

A draft CR for the MBMS Stage 2 specification (TS 43.246) is provided in Annex A.
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**** first modified section ****

6.2.1
Cell change

6.2.1.1
Normal cell change

If the mobile station reselects to a new cell during the reception of an MBMS session where the mobile station does not have any information about whether an MBMS bearer is allocated in the cell for this MBMS session, the mobile station acquires the system information of the cell and then, if a Routing Area Border has been crossed, completes the Routing Area Update procedure. The mobile station can then request the MBMS service from the network using the following procedure.
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1. RACH: CHANNEL REQUEST or

PRACH: PACKET CHANNEL REQUEST

2. AGCH: IMMEDIATE ASSIGNMENT or

PAGCH: PACKET UPLINK ASSIGNMENT

3. MBMS SERVICE REQUEST

4. MBMS ASSIGNMENT


1. / 2. 
The mobile station requests resources using a (PACKET) CHANNEL REQUEST message denoting “Single Block MBMS Access” and is allocated resources from the network. 

3.
The mobile station sends an MBMS SERVICE REQUEST message including its TLLI, the TMGI and the session ID of the requested MBMS service.

4.
Upon receiving the MBMS SERVICE REQUEST message the network can either:

-
Instruct the mobile station to move to an MBMS point-to-multipoint bearer; or

-
Notify the mobile station that no p-t-m bearer will be available. 

If the network is adopting a feedback based retransmission strategy, and if there are further MS_ID identifiers available, after sending the MBMS ASSIGNMENT message on (P)AGCH, the network may decide to send an MBMS MS_ID ASSIGNMENT message on PACCH to perform the addressing procedure (see sub-clause 6.1.1.5). 

NOTE:
It is FFS whether the network may send a single assignment message on the (P)AGCH including not only the TMGI, the Session Id and the p-t-m channel description, but also the TLLI, the MS_ID and the timing advance parameters. 

If the network is adopting a feedback based retransmission strategy and there are no more MS_ID identifiers available, the network may:

-
Adopt a block repetition strategy on the already established MBMS p-t-m radio bearer; or

-
Allocate an additional MBMS p-t-m radio bearer; or 

-
Decide not to address the new mobile station and still continue with a feedback based retransmission strategy.  In this case, the mobile station shall only listen to the MBMS p-t-m radio bearer and will not send any feedback.

6.2.1.2
Network-assisted cell change

The network may optionally provide in the serving cell information about the characteristics (frequency and timeslot allocation) of the MBMS p-t-m channel and the relevant MBMS_BEARER_ID in neighbouring cells. This information is transmitted on the PACCH using the PACKET NEIGHBOUR CELL DATA message.
If the mobile station reselects to a new cell during the reception of an MBMS session and if the mobile station has received information about whether an MBMS bearer is allocated in the cell for this MBMS session, the mobile station will resume reception of the MBMS session without waiting to capture a consistent set of system information messages or the end of the Routing Area Update procedure.
**** next modified section ****

7.1
General requirements

An MBMS capable mobile station shall be able to receive at least one MBMS service. The mobile station shall also be able to receive multiple services if they are transmitted on the same carrier (but on different timeslots, provided that the MBMS multislot capabilities of the mobile station are not exceeded). The simultaneous reception of multiple services on different carriers shall be dependent upon mobile station capabilities.

A mobile station receiving an MBMS p-t-m transmission shall be in broadcast/multicast receive mode. This state is defined only for the mobile station; from the network’s point of view, the mobile station shall be in packet idle mode. In particular, no context for the mobile station is created in the network.

A mobile station receiving MBMS shall read, in parallel to the MBMS data, system information for the serving cell from the broadcast control channel and CS and/or PS paging messages from its paging group on the paging channel(s) allocated in the cell.

NOTE:
The location of the MBMS traffic channel with respect to the control channels should be chosen such that it will be possible for the mobile station to satisfy this requirement.

A mobile station receiving MBMS shall operate in Network Control mode NC0 (see 3GPP TS 45.008) even if it had been commanded otherwise by the network. If in GMM-Ready state, the mobile station shall move to NC0 upon the start of the MBMS session. Upon termination of the MBMS session, the mobile station shall revert to the control mode commanded by the network before the start of the MBMS session if the mobile station is still in GMM-Ready state.
The support of Network-assisted Cell Change (see subclause 6.2.1.2) shall be mandatory for an MBMS-capable mobile station.
**** next modified section ****

8.1
General requirements

In a network providing MBMS services, the support of the PBCCH shall not be mandatory.

If the PBCCH is not present in a cell, the network shall provide the parameters affecting cell reselection towards neighbouring cells using the PACCH.

The network may provide the description of the MBMS p-t-m channel (frequency and timeslot allocation) and the relevant MBMS_BEARER_ID in neighbouring cells using the PACCH.

If the PBCCH is allocated, the support of NMO I shall be mandatory.

NOTE:
If NMO III is used, the mobile station may need to interrupt the reception of MBMS to listen to CS paging messages.

10 Annex B: Cell change with RA Update during MBMS
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MS acquires the (P)BCCH information (consistent set)
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Reading PSI 3 MS recognises the need for RA update
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If no RA Update is necessary skip the section below
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MS accesses the (P)RACH (PCR) for 1 phase access
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MS waits on PAGCH for allocation of single block
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MS reads the allocation of single block on PAGCH
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MS sends the UL TBF request
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MS reads the allocation of UL TBF on PAGCH
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MS sends the RA Update Request
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MS sends the RA Update Request
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MS waits for RLC ACK for RA Update Request
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MS gets RLC ACK for RA Update Request
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MS reads MBMS , waiting for RA Update Accept
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MS reads the allocation of DL TBF on PAGCH
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MS reads the RA Update Accept
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MS waits for RLC ACK for RA Update Accept
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MS sends RLC ACK for RA Update Accept
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If no RA Update is necessary the cell reselection continues here
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MS accesses the (P)RACH (PCR) to require an MS_ID
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MS waits for allocation of Single block on PAGCH
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MS reads the single block allocation (PUA) on PAGCH
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MS requires a MS_ID allocation on the Single Block
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MS receives a MBMS assignment with MS_ID on the PAGCH
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MS is able to be polled for MBMS feed-back
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