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MSACCH 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. This proposal was already presented at GERAN#18 [1] and GERAN2#18bis [2]; this contribution is an update of those documents, addressing some comments received during the respective meetings. Most of the new material is contained in sections 3 and 5 (these sections are highlighted in blue). In particular, in section 3 one additional benefit of the MSACCH is presented: the possibility to provide the cell reselection parameters for neighbouring cells.

2. MSACCH assisted Cell Change

The proposal is based on the following assumptions:

1. The MBMS channel will be mapped onto a 52 multiframe structure, similar to the PDTCH and all the other packet switched logical channels. If the PTCCH is not used on a particular PDCH (this is discussed in more detail later), then the two timeslots (out of 52) that are occupied by the PTCCH could be used to provide a SACCH-like channel associated with the MBMS data channel.

2. It is assumed that the MS capability is such that the MS is able to read in the same frame both the MBMS channel and the (P)BCCH/(P)CCCH to be able to receive the system information and the CS and PS paging without interrupting the MBMS data transmission [6].

Thus the MSACCH may be used to provide in a p-t-m manner information about the frequencies allocated to the MBMS traffic channel (and perhaps of the notification channel) in the neighbouring cells. This will speed up the cell reselection process, as the MS can start receiving MBMS data while still reading the system information in the new cell.

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, described for example in [3].

It is worth noting that the MSACCH will only enable the MS to resume the reception of the MBMS service as soon as it enters the new cell. For all other purposes, the mobile will perform a normal cell reselection; this means that, apart from receiving MBMS, it will not be possible for the mobile to initiate any other activity
 in the new cell until a consistent set of system information messages has been read, which will be done in parallel to the reception of MBMS.

The format for the SACCH block is the following (see subclause 7.2 of TS 44.004):
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On the MSACCH, the transmission of the fields in octets 1 and 2 (“Ordered MS power level”, “Ordered timing advance” and “FPC/EPC”) is not needed, and therefore an MSACCH block could be extended to occupy all of the 23 octets available.

One interesting fact about the MSACCH is that it occupies the resource otherwise used for the PTCCH/D channel and hence does not reduce the capacity of the MBMS data channel.

3. Provision of cell reselection parameters

As mentioned in [6], one additional use of the MSACCH would be the distribution to mobiles listening to MBMS of the cell reselection parameters for neighbouring cells.

If the PBCCH is allocated in a cell, these parameters are transmitted in the PSI3 message. If the PBCCH is not allocated, on the other hand, a mobile in packet idle mode is required to read these parameters directly from the system information of the neighbouring cells. However, during an MBMS session the MS has no time to do that, unless it interrupts the reception of MBMS. The MSACCH could therefore be used to provide these parameters
.

The conclusion is that without the MSACCH, it may be necessary to mandate the use of the PBCCH in all the cells where MBMS is to be provided.

4. Discussion of the proposal

In order to provide information about the channels allocated for the MBMS p-t-m radio bearers in the neighbouring cells, a new message would need to be defined for transmission on the MSACCH; this message could be named, for example, MBMS NEIGHBOUR CELL CHANNEL INFORMATION message. A possible format for the message is given in Table 1.

	< MBMS Neighbour Cell Channel Information message content > ::=


{ 
0 < TMGI: bit (32) >



| 1 < TFI : bit (5) > }


< Neighbour Cell MBMS Channel Description : < Neighbour Cell MBMS Channel struct > >


< padding bits > ;



	< Neighbour Cell MBMS Channel struct > :: =



< Cell ID: bit (6 or 7) >



< TFI : bit (5) >



< TIMESLOT_ALLOCATION : bit (8) >



< Frequency Parameters : < Frequency Parameters IE > ;


Table 1 - MBMS NEIGHBOUR CELL CHANNEL INFORMATION information elements
The parameter Cell ID indicates which cell the Frequency Parameters IE refers to. The parameter will be an index into one of the neighbour cell lists. The length of the field will depend upon which list is used to identify the cell. For example, if it is the GSM Neighbour Cell list, then only 6 bits
 are required (see TS 44.060, subclause 5.6.3.2), whereas if the 3G Neighbour Cell is used, 7 bits are required (see TS 44.060, subclause 5.6.3.1).

The Frequency Parameters IE would be coded as described in subclause 12.8 of TS 44.060 [9] (see Annex A).

One of the working assumptions on MBMS channel definition is that it is very likely that a hopping channel will be used for MBMS. As described in subclause 5.5.1.7 of TS 44.060, there are three different methods to signal to the MS – in an assignment message – the frequency parameters defining a hopping radio frequency channel
 to use during a TBF:

· indirect encoding

· direct encoding 1

· direct encoding 2

Indirect encoding means that the assigned set of radio frequency channels is defined by referencing information stored within the mobile station; such information may be received on PBCCH or BCCH, or be received in a previous assignment message using one of the direct encoding options. With direct encoding, on the other hand, the assigned set of radio frequency channels is defined by using information contained within the assignment message itself. The direct encoding 1 references the Cell Allocation or Reference Frequency Lists (RFLs) received on PBCCH for the decoding of this information
. The direct encoding 2, on the other hand, is self-contained: the Frequency List is the representation of a set of radio frequency channels defining a GPRS Mobile Allocation. The encoding of the octet string is defined by the value part of the information element Frequency List, defined in subclause 10.5.2.13 of TS 44.018 [8], and the allowed formats of this information element are the bit map 0, 1024 range, 512 range, 256 range, 128 range and variable bit map formats. Further details can be found in subclauses 5.5.1.7, 12.8 and 12.10a of TS 44.060.

Given that for an MS in a cell it is not possible to rely on frequency information that is transmitted on the PBCCH of neighbouring cells (i.e. the Reference Frequency Lists, the Cell Allocation or the GPRS Mobile Allocations for each neighbouring cell), on the MSACCH only the use of direct encoding, and in particular of the direct encoding 2 method is considered feasible.

The number of frequencies that can be provided for each cell depends on the number of octets available for the IE and on the particular encoding format used. For example, looking at the encoding of the Cell Channel Description IE, the number of frequencies that can be signalled for each encoding method is:

· bit map 0:
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64
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The Cell Channel Description IE has the same format as the Frequency List IE but its length is limited to 17 octets (see subclause 10.5.2.1b of TS 44.018). The only difference is that in the Frequency List IE, the second octet is used for the “Length of frequency list contents” IE (this IE is not included in the Cell Channel Description IE, as it has a fixed length); therefore these figures would correspond to 18 octets occupied by the Frequency List IE. This is a likely value if one message (corresponding to the allocation for one neighbouring cell) is restricted to occupy one GPRS RLC/MAC block.

The assumption that one message is restricted to occupy one GPRS RLC/MAC block may pose a restriction on the number of frequencies that can form part of a GPRS Mobile Allocation. It is for further investigation whether this restriction is acceptable. If it is not acceptable, then the message for a certain cell may need to be split across more than one RLC/MAC block
. For example, up to 2 RLC/MAC blocks could be used for one neighbour cell. The upper limit of 2 blocks is currently a widely admitted working assumption for existing network, e.g. to limit the size of the HANDOVER COMMAND.

One further issue is how many neighbour cells should the frequency parameters be provided for. We can assume that the MS will store up to 12 or 16 sets of frequency parameters, one for each neighbour cell. The cells for which parameters are provided should be the ones for which the likelihood to be reselected by an MS listening to MBMS is higher. If the MS performs cell reselection towards a cell for which no MBMS frequency parameters have been provided, then normal cell reselection will apply, and the MS will have to wait until the next occurrence of a notification message to receive the frequency parameters of the ongoing transmission.

In Table 1 the message is encoded in such a way that, in one message, the MBMS channel description for only one neighbour cell can be given. However, depending of the expected gains, the possibility to include more than one cell in the same message can be investigated. Alternatively, the possibility of message concatenation may be investigated. This is for further study.

On the MSACCH, one RLC/MAC block will be transferred every 480 ms. This means that, if the MSACCH is associated with only one timeslot, then 5.76 seconds will be necessary to send the information for 12 neighbour cells, or 7.68 seconds to send the information for 16 neighbour cells. If an MSACCH is provided on more than one timeslot (see discussion below), the time is reduced accordingly.

The neighbour cell list could contain cells belonging to different RATs, and during the reception of an MBMS service the MS could perform a cell reselection to a cell of a different RAT. However, it is proposed that only information about cells belonging to the same RAT (in our specific case, GSM cells) is provided in the MSACCH.

Finally, it is proposed that this procedure be mandatory both for the network and the mobile station.

In theory the throughput available on the MSACCH increases with the throughput of the MBMS data channel, since each MBMS TS could support a MSACCH. However, the MSACCH can be transmitted on a timeslot only if the transmission of PTCCH/D is not required on that timeslot. This may impose some constraints on how the downlink and the uplink part of the PDCHs (timeslots) used for an MBMS services are allocated both to the MBMS service and (possibly) to other TBFs. This is for further investigation.

5. Benefits of the proposal

The MSACCH is a proposal that, although very simple to implement, has the potential to bring great benefits to MBMS. Let’s assume that the MSACCH is not implemented. In this case, in order to continue receiving the MBMS data once it has reselected to a new cell, the MS needs to be informed about the location of the MBMS traffic channel in the new cell. Let’s first consider the case in which this is done by means of periodic notifications. Assuming that these periodic notifications are not sent on the (P)BCCH but on a separate channel, the interruption time at cell reselection is given by three contributions:

· (a1) the amount of time required to read from the system information the location of the channel used to send periodic notifications
;

· (a2) the amount of time that the MS needs to wait for the next occurrence of a periodic notification once it has switched to that channel (in order to receive the information about the location of the MBMS traffic channel);

· (a3) the amount of time required to switch to the MBMS traffic channel.

If, on the other hand, periodic notifications are sent on the (P)BCCH, the second term will not be present, and the interruption time will be given only by two contributions:

· (b1) the amount of time required to read from the system information the location of MBMS traffic channel
;

· (b2) the amount of time required to switch to the MBMS traffic channel.

At present, it is difficult to estimate these quantities: (a1) and (b1) because they depend on the configuration of the broadcast control channel and the amount of system information sent on it, (a2) because the mechanisms for notification and periodic notification in the GERAN have not been agreed yet. As an example, let’s assume the following figures:

· rate at which the location of the channel used to send periodic notifications is transmitted the system information: once every 2 seconds

· repetition rate of periodic notification messages: once every second 52-frame multiframe, i.e. once every 480 ms

This means that, on average, the interruption time at cell reselection will be 1.24 seconds (ignoring the time to switch to the MBMS traffic channel); in the worst case, this will be equal to 2.48 seconds. This assumes that the content transmitted in the two cells is synchronised; however, given that the content will only be “loosely” synchronised, the effective interruption time (as seen by the user, i.e. the time difference between the timing of the two streams) will need to be either increased or decreased by the time difference between the transmissions in the two cells.

If the MSACCH is implemented, the interruption time is only given by the amount of time required to switch to the MBMS traffic channel in the new cell, which will be much shorter.

As an alternative to periodic notifications, one proposal that was discussed during GERAN2#18bis is to get the MS to request the location of the MBMS channel from the target BSS by performing an “MBMS Session Request” [3]. Even in this case, before it can send a (P)RACH burst, the MS needs to have completed the acquisition of a consistent set of system information messages from the (P)BCCH. After that, it needs to request and receive the information from the BSS. Therefore, assuming that in the worst case the acquisition of the system information will require 2 seconds, the interruption time could be close to 3 seconds.
At present, SA4 is studying Forward Error Correction schemes at the application layer to reduce the impact of loss of SDUs (due to blocks errors or to cell reselection) on the Quality of Service perceived by the user [5]. In general, the longer the interruption time that the FEC needs to cope with and the higher the amount of redundancy introduced by FEC, which will in turn result in a reduction in throughput. If in most of the cases the interruption time is small, it will be possible to reduce the redundancy introduced at the application layer and increase the throughput. There may be cases (for example when the cell reselection is to a cell whose parameters are not provided by the MSACCH) where the interruption is longer than the FEC can compensate for. In these cases, for a download service, the content lost by the user could be retrieved through a p-t-p repair session; for a streaming session, the user will experience a gap in the service, but if this does not happen very often, it may be acceptable.

SA4 have indicated that the maximum value of the interruption time that they are going to consider in the evaluation of FEC schemes at the application layer is 3 seconds [5]. It is easy to see that, relying on mechanisms other than the MSACCH, the interruption time could be very close to this value or even higher.
The MSACCH may not be useful in those cases where the session is very short. However, as shown in section 3, it will take less than 10 seconds for the MS to receive the parameters for the neighbouring cells (including the cell reselection parameters), so even in cases where the session is 30 seconds long the proposal could be beneficial. But it is envisaged that an MBMS session may be longer; for instance, an example given in [4] shows that a typical session could be about 5 minutes long. And as the duration of a session increases, the proposal becomes more and more useful.

6. Further issues

6.1. Provision of the MSACCH information

If the BTS for a neighbour cell is connected to the same BSC the provision of this information is very easy. If the neighbour cell is connected to a different BSC a new RIM application may be defined to provide the frequency parameters of each MBMS channel (per TGMI) in the cell.

6.2. RA Update at the cell change

It may be necessary for the MS to make a RA Update in the target cell. This will need a p-t-p connection in the target cell, and the acquisition of the necessary information about the target cell configuration. It should be noted that this problem is not inherent to the new proposal.

6.3. Combined RAU/LAU at cell change

Similar problems may occur if a Combined RAU/LAU is needed in the target cell.

7. Conclusions

The present document presents a proposal for the MSACCH, which can be used as a simple and efficient way to minimize the service interruption of the MBMS service during MBMS p-t-m transmission and to provide the mobiles listening to MBMS with the cell reselection parameters for neighbouring cells. 

A draft CR to capture the principles in the MBMS Stage 2 specification is provided in [7].
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Annex A

In this Annex, the coding for the Frequency Parameters IE is given, as contained in subclause 12.8 of TS 44.060 [9].

	< Frequency Parameters IE > ::=


< TSC : bit (3) >


{ 00 < ARFCN : bit (10) >


| 01 < Indirect encoding : < Indirect encoding struct > >


| 10 < Direct encoding 1 : < Direct encoding 1 struct > >


| 11 < Direct encoding 2 : < Direct encoding 2 struct > > } ;



	< Indirect encoding struct > ::=


< MAIO : bit (6) >


< MA_NUMBER : bit (4) >


{ 0 | 1
< CHANGE_MARK_1 : bit (2) >




{ 0 | 1 < CHANGE_MARK_2 : bit (2) > } } ;



	< Direct encoding 1 struct > ::=


< MAIO : bit (6) >


< GPRS Mobile Allocation : < GPRS Mobile Allocation IE > > ;



	< Direct encoding 2 struct > ::=


< MAIO : bit (6) >


< HSN : bit (6) >


< Length of MA Frequency List contents : bit (4) >


< MA Frequency List contents : octet (val(Length of MA Frequency List contents) + 3) > ;




Table 12.8.1 (TS 44.060): Frequency Parameters information elements

MA Frequency List contents is a variable length octet string which represents a set of radio frequency channels defining a GPRS mobile allocation. The encoding of the octet string is defined by the value part of the type 4 information element Frequency List, defined in TS 44.018 [8]. The allowed formats of the Frequency List information element are the bit map 0, 1024 range, 512 range, 256 range, 128 range and variable bit map formats.

� Note that if the MS wishes to initiate any other activity and enter either dedicated or packet transfer mode, it will have to interrupt the reception of MBMS.


� This would be similar to the distribution of cell reselection parameters for neighbouring cells in the System Information Type 10 message on the SACCH channel associated with a downlink VGCS or VBS channel for ASCI, or the provision of neighbouring cell system information on PACCH for mobiles in packet transfer mode (see subclause 8.8.1 of TS 44.060, although in the case of MBMS the information sent would be limited to the parameters for cell reselection).


� For example, this is the length of the FREQUENCY_N parameter in the PACKET MEASUREMENT REPORT message (see subclause 11.2.9 of TS 44.060) or the REMOVED_FREQ_INDEX in the PACKET MEASUREMENT ORDER message (this latter is an index within the BA(GPRS)).


� A non-hopping radio frequency channel can be defined using a single ARFCN.


� The Cell Allocation and the Reference Frequency Lists are sent in the PSI2 message.


� Although in the field it is possible to specify up to 124 frequencies, no more than 64 RF channels can be assigned to one MS. Note that the “bit map 0” format can be used only to signal frequencies in the primary GSM band P-GSM 900.


� Although in the field it is possible to specify up to 111 frequencies, no more than 64 RF channels can be assigned to one MS.


� The size of the Frequency List IE can vary from 4 to 132 octets.


� It is assumed that the MS does not need to wait until it has received a consistent set of System Information messages before it can start listening to periodic notifications, but that the two activities can be performed in parallel.


� It is assumed that the MS does not need to wait until it has received a consistent set of System Information messages before it can start listening to the MBMS data, but that the two activities can be performed in parallel.
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