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Physical Layer aspects of MBMS p-t-m services

1. Introduction

In [1] it was discussed whether, when the mobile listens to an MBMS p-t-m service without being simultaneously engaged in a CS or a PS call, the mobile can still be considered in packet idle mode
 or a new state (“MBMS Idle”) needs to be introduced in the specifications. As stated in that paper, the main criterion to consider in making the decision is whether the MS can still carry out the tasks performed while in packet idle mode and fulfil the requirements given e.g. in 3GPP TS 45.008 [3].

This aspect was investigated in [2]. However, in that contribution it was assumed that the MBMS service was sent only on one timeslot.  In the present document we study the case in which the MBMS service is sent on more than one timeslot. In particular, we have tried to study the worst case scenarios; for example, what is the maximum number of timeslots that an MBMS service can be received on while still being able to perform other idle mode tasks.

The results of this investigation may also be useful to decide whether new procedures need to be introduced for MBMS.

2. Reception of system information and paging 

As indicated in [1], if frequency hopping is used in the cell, then for a p-t-m channel it may be useful to use a hopping channel for the MBMS transmission, as the performance gain from frequency hopping is beneficial in the case of a service operating in RLC Unacknowledged mode. In fact, if frequency hopping is not used, it may not even be possible to provide MBMS services with a satisfactory QoS, as shown in [5].

As was indicated during GERAN#14, one of the advantages of implementing the PBCCH in cells in which MBMS services are provided is that frequency hopping can be used for the PBCCH as well. It may therefore be useful to allow the PBCCH to hop, with the same hopping sequence as the MBMS channel(s), so that the PBCCH (and the PCCCH) and the MBMS data are always received by the MS on the same carrier during each frame
.

Figure 1 shows a possible arrangement that allows the MS to continue listening to the paging channel or reading the System Information from the PBCCH of the serving cell even while receiving the MBMS service
. In the figure, it is assumed that channel combination xi (PBCCH+PCCCH+PDTCH/F+PACCH/F+PTCCH/F) is present on TS 0 and that all the PCCCH blocks are located on the same timeslot as the PBCCH (i.e. no PCCCH blocks are located on other timeslots). As the mobile camps on the PBCCH, it does not need to read the BCCH and the CCCH (if paging coordination is implemented in the network).

As the PBCCH and the PCCCH are located on timeslot 0 (they will not hop on the BCCH carrier), the MBMS service cannot be sent on TS 0. Also, the MBMS service cannot be sent on TS 7, which needs to be left free not only for neighbour cell measurements, but also to switch frequency from one frame to the next. The conclusion is that the maximum number of timeslots that can be allocated to the MBMS service is 6.

With the coding schemes simulated in [5], the throughput per timeslot is 8 kbps (this assumes that the 23 bytes of an RLC/MAC block are divided in 3 octets for the header and 20 of payload, just like CS-1). Therefore, with those coding schemes, the maximum throughput for MBMS that can be achieved in the GERAN is 48 kbps. Note that this is the “raw” throughput, not considering repetitions; depending on if and how repetitions are implemented [4], the throughput seen by the application will be lower.

When the MS reads the paging channel or the PBCCH, it skips the RXLEV measurements on neighbour cells.

It can be seen that one of the requirements for the MS to be able to receive the MBMS service is that that Tra = 2 and Trb = 1; so with this arrangement, of all the Type 1 mobiles, only those of multislot class 8 to 12 will be able to listen to the paging channel or the PBCCH without interrupting the reception of the MBMS service, and perform RXLEV measurements.

Assuming that the MBMS channel has the same structure as the PDTCH (in particular, that it will continue to have a 52-frame multiframe structure), BSIC reconfirmation on the strongest neighbour cells will be performed during the idle frames of the MBMS channel; the idle frame of the MBMS channel will always coincide with the idle frames on the PDCH where the PBCCH and the PPCH are located. It is for further study whether the requirements on BSIC reconfirmation in packet idle mode
 can still be met in this scenario or they need to be modified (similarly to what has been done for MSs monitoring inter-RAT cells in Release 99 of the specifications).

An alternative arrangement to the one in Figure 1 is shown in Figure 2, where it is assumed that channel combination xi (PBCCH+PCCCH+PDTCH/F+PACCH/F+PTCCH/F) is present on TS 1 rather than TS 0.

If additional timeslots are allocated to the PCCCH, then the number of timeslots on which MBMS can be transmitted is reduced. For example, in the case of Figure 1, let’s assume that channel combination xii (PCCCH+PDTCH/F+PACCH/F+PTCCH/F) is allocated on timeslot 1, with the same hopping pattern as the PBCCH, so that the channels sent on TS 1 will always be on the same carrier as both the channels sent on TS 0 and the MBMS channels during every frame, and an MS whose paging group falls on TS 1 will not have to switch frequency to read a paging message. In this situation, the maximum number of timeslots on which it is possible to transmit MBMS is only 5.

In Figure 3 we analyse what happens if the PBCCH is not present in the cell. In this case it is assumed that channel combination iv (BCCH+CCCH+FCCH+SCH) is allocated on TS 0 of the BCCH carrier. In this case it can be seen that the maximum number of timeslots that the MBMS service can be received on is reduced to 5. The requirement on the MS is that Tra = 3 and Trb = 1; so the reception of system information and paging messages while receiving MBMS is possible for all Type 1 mobiles except those of multislot class 1.

If the CCCH is located on other timeslots in addition to timeslot 0, the number of timeslots that MBMS can be received on is reduced.

The situation shown in Figure 3 would apply also to the case in which the PBCCH does not hop, or the hopping pattern is different from the one of the MBMS traffic channels. It would also apply in the case in which more than one MBMS service is provided, so that the additional services will need to have different hopping patterns from the first one (and therefore the MS needs to switch frequency to read the PBCCH and the PCCCH). For the additional services, the maximum number of timeslots that can be used is 5.
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Figure 1 - Simultaneous reception of paging or broadcast channel and MBMS data (PBCCH present, on TS0)
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Figure 2 - Simultaneous reception of paging or broadcast channel and MBMS data (PBCCH present, on TS1)
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Figure 3 - Simultaneous reception of paging or broadcast channel and MBMS data (PBCCH not present, BCCH on TS0)

From this point of view, it can be seen that mandating the presence of the PBCCH in those cells where MBMS is to be provided would be beneficial, in order to increase the number of timeslots over which MBMS can be provided and therefore the throughput.

3. Reading System Information from neighbour cells

One of the tasks performed by an MS in packet idle mode (not camping on the PBCCH) is to read the parameters relating to cell reselection from the System Information of neighbouring cells. As already mentioned in [1], if the mobile is camped on the PBCCH this information is provided in the PSI3 message, so the MS does not need to read it from the SI of neighbour cells.

Acquiring the System Information from a neighbour cells requires the MS to read the neighbour cell’s PBCCH, and the MS needs to spend at least a few frames listening to the physical channel of the neighbour cell’s PBCCH. As can be seen from Figure 1 to Figure 3, this will not be possible unless the MS interrupts the reception of the MBMS data.

From this point of view, it would be desirable to mandate the use of the PBCCH in those cells where MBMS is to be provided.

4. Signalling on SDCCH

During GERAN#14 it was decided that when a mobile with ongoing reception of MBMS enters either dedicated mode or packet transfer mode, then the MBMS service will continue to be provided to that MS over a p-t-p connection (provided that MS capabilities allow that, e.g. the MS supports DTM or Multiple TBFs) [6].

When a user receives a paging message for a circuit switched connection, the MS enters dedicated mode, either on the SDCCH or on a TCH in signalling only mode. Let’s assume that the user is moved to the SDCCH. One thing that is not clear is whether the MBMS connection should be moved from p-t-m to p-t-p as soon as the user is transferred on the SDCCH. During the signalling phase, the user will receive the CLI of the calling party; once the identity of the calling party is known, the user can decide whether to accept the call (and possibly interrupt the reception of the MBMS service), or whether to reject the call. The establishment of the TBF for the p-t-p connection will happen only after the call has been accepted. However, it would be desirable that, during the period in which the call establishment takes place, the MS did not have to interrupt the reception of the MBMS data. By doing so, if the user rejects the call, there will be no need to move the user to a p-t-p connection, but the reception of MBMS could continue on the p-t-m connection, thus saving radio resources. This is studied in this section.

There are two possible scenarios, depending on the number of timeslots that MBMS is transmitted on.

4.1. Scenario 1: no loss of MBMS data

Each SDCCH subchannel (and the associated SACCH/C subchannel) is not sent or received in every frame but only in 24 frames out of 102. Also, for each SDCCH subchannel, there is a 15-frame offset between the downlink block and the corresponding uplink block. Therefore the MS does not need to transmit and receive the SDCCH in the same frame. There are therefore two cases. The first case is when the MS listens to the allocated SDCCH subchannel (or the corresponding SACCH/C) and the MBMS service in the same frame. This is shown in Figure 4. In this scenario it is assumed that a non-combined multiframe is used in the cell and that the SDCCH is transmitted on timeslot 1 of the BCCH carrier.
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Figure 4 - Simultaneous reception of the SDCCH subchannel and of the MBMS service

Obviously, when the MS enters dedicated mode on the SDCCH channel, it will stop reading the PS broadcast and common control channels.

The MS performs the neighbour cell measurement between the reception of the SDCCH burst and the reception of the MBMS burst. In this case, it is required that Tra = 4 and Trb = 1, so of all the Type 1 MSs, only those of multislot class 1 would not be able to receive the MBMS service.

The second case is when the MS transmits on the SDCCH subchannel (or the corresponding SACCH/C) and receives the MBMS service in the same frame. This is shown in Figure 5.
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Figure 5 - Simultaneous transmission on the SDCCH subchannel and reception of the MBMS service

This requires Tta = 4 and Trb = 1, and therefore the only Type 1 MSs that would not be able to receive the MBMS service would be those of multislot class 1.

The figures show that if the MBMS service is transmitted only on two timeslots, it would be possible, with a proper allocation of the timeslots to the MBMS service, to continue receiving MBMS even while in dedicated mode on the SDCCH. However, if more than two timeslots are used, this will not be possible for a Type 1 MS. What happens in this case is studied in the following subsection.

4.2. Scenario 2: loss of MBMS data

In Figure 6, the case of reception of MBMS and of SDCCH (or the associated SACCH/C) in the same frame is shown.
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Figure 6- Simultaneous reception of the SDCCH subchannel and of the MBMS service

The maximum number of timeslots where MBMS can be received is 5. This scenario is compatible with the one shown in Figure 2 if the MBMS service is sent only on timeslots TS 3 to TS 7. On the other hand, in order for this scenario to be compatible with the one in Figure 3, the maximum number of timeslots where MBMS can be received is 4 (TS3 to TS6).

The problems arise when it is time for the MS to transmit. Figure 7 shows what happens in the frames where the SDCCH (or the associated SACCH/C) is transmitted.
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Figure 7- Simultaneous transmission on the SDCCH subchannel and reception of the MBMS service

In these frames, a Type 1 MS will not be able to receive the MBMS data. Depending on how much data is missed, it is possible that the redundancy introduced in the MBMS data may compensate for this. This would require further investigation.

5. Conclusions

As stated in [1], one of the criteria to define whether the MS can still be considered in packet idle mode when receiving MBMS is whether this will have an impact on the requirements for packet idle mode given in 3GPP TS 45.008 [3]: a new state in not needed in the specifications only if the MS is able to perform the same tasks as in packet idle mode, with no or minor changes to the current requirements for those tasks. Note that, as indicated in [1], the issue is whether a new state is needed in the specifications. From a handset design point of view, it is clear from what has been presented in the document that when receiving MBMS the task scheduling within the MS will be different from that during packet idle mode. Therefore, the handset designers will need to introduce a new state in the MS state machine anyway.

The initial investigation carried out in this document seems to indicate that most of the tasks performed in packet idle mode can still be carried out even when the mobile listens to an MBMS service. It has been shown that the MS can keep reading the System Information on the PBCCH and the paging messages on the PCCCH if the MBMS service is sent on up to 6 timeslots and if all the PCCCH blocks are on the same timeslot as the PBCCH; if some PCCCH blocks are located on additional timeslots, the number of timeslots that can be allocated to MBMS is reduced. However, it still needs to be verified whether the periodicity required for each task (e.g. BSIC reconfirmation) can still be met while receiving MBMS.

In order to maintain an MS in packet idle mode when receiving MBMS data, it may be necessary to restrict the locations of the PBCCH (if present), of the (P)CCCH and of the MBMS traffic channel(s). Also this may pose some requirements on the MS capabilities, for example in terms of minimum multislot class required for an MBMS capable terminal.

The paper has also shown that, providing that certain constraints are met, it may be possible to keep receiving the MBMS p-t-m service while in dedicated mode on the SDCCH. However, in the case studied in the document, this is possible only if the MBMS service is sent on a maximum of two timeslots.
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� An MS that wishes to receive MBMS needs to be GPRS attached, so it will be in packet idle mode rather than idle mode.


� For example, the MBMS channel and the PBCCH channel will need to be assigned the same MA_NUMBER (and therefore the same “GPRS Mobile Allocation”) and the same MAIO.


� If it were not possible for the MS to listen to the paging channel and the MBMS channel simultaneously, the MS would miss the MBMS data transmitted while it is listening to the paging channel. It is possible that the redundancy introduced in the MBMS data may compensate for this.


� The requirements from TS 45.008 are the following. In idle mode, the MS shall attempt to check the BSIC for each of the 6 strongest non-serving cell BCCH carriers at least every 30 seconds. In packet idle mode, the MS shall attempt to check the BSIC for each of the 6 strongest non-serving cell BCCH carriers at least every 14 consecutive paging blocks of that MS or 10 seconds, whichever is greater. In packet transfer mode, the MS shall attempt to check the BSIC for as many non-serving cell BCCH carriers as possible and as often as possible, and at least every 10 seconds.
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