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MS requirements for MBMS p-t-m services

1. Introduction

One principle that has been agreed for MBMS is that, when a mobile listens to an MBMS p-t-m service, it can still be considered in packet idle mode
. This is because it can be shown that, providing that certain constraints are met, the MS can still carry out the tasks performed while in packet idle mode. An initial analysis had already been performed in [2]; in this contribution, a more comprehensive analysis is presented.

In particular, in the present document we study the maximum number of timeslots that an MBMS service can be received on while still being able to perform other idle mode tasks. The information can then be used to define the multislot capabilities of MBMS terminals. Throughout the paper, a Type 1 mobile will be assumed.

2. Reception of system information and paging

The objective of this section is to show that, under certain conditions, the MS is still able to read the broadcast control channel and the paging channel even while receiving MBMS. It is necessary to distinguish two cases, depending on whether the PBCCH is deployed or not.

2.1. PBCCH not deployed

Figure 1 shows a possible arrangement that allows the MS to continue listening to the paging channel or reading the System Information from the BCCH of the serving cell even while receiving the MBMS service
. It is assumed that channel combination iv (BCCH+CCCH+FCCH+SCH) is allocated on TS 0 of the BCCH carrier, and that frequency hopping is used for the MBMS bearer
. In this case it can be seen that the maximum number of timeslots that the MBMS service can be received on is 5. As shown in Figure 1, when the MS reads the paging channel or the BCCH, it skips the RXLEV measurements on neighbour cells. Hence, one of the requirements for the MS to be able to receive the MBMS service 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. For example, if one second timeslot is allocated to the CCCH (i.e. BS_CC_CHANS = 2), then it necessarily has to be timeslot 2 (see bullet point iii in subclause 6.5.1 of TS 45.002 [11]). Therefore only timeslots 4, 5 and 6 can be used for the transmission of MBMS, so the maximum number of timeslots is reduced to 3. If BS_CC_CHANS = 3, then the third timeslot allocated to the CCCH has to be timeslot 4, and therefore MBMS can be transmitted only on timeslot 6, so the maximum number of timeslots is reduced to 1. Finally, if BS_CC_CHANS = 4, then no timeslots can be allocated to MBMS in such a way that ALL mobiles that are listening to the MBMS channel can still read the broadcast and paging channels in parallel, without the need to interrupt the reception of MBMS.

If the PBCCH is not deployed in a cell and frequency hopping is not used, in theory up to 7 timeslots could be allocated to MBMS, as indicated in Figure 2. These timeslots would be all the timeslots of the BCCH carrier apart from timeslot 0. However this requires that Tra = 1 in order to perform RXLEV measurements on neighbouring cells (measurements would be performed only in those frames when the MS does not read the BCCH or the CCCH, otherwise it will skip them). This is possible only for “high multislot class” terminals (classes 30 to 34 and 40 to 45); for terminals of multislot classes 1 to 12, the minimum amount of time needed for the MS to perform adjacent cell signal level measurement and get ready to receive is 2 timeslots. Therefore, in this case, it may be better to limit the maximum number of timeslots allocated to MBMS to 6
.

2.2. PBCCH deployed

In Figure 3 it is shown what happens if the PBCCH is present in the cell. 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).

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
.

As the PBCCH and the PCCCH are located on timeslot 0
, 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. Hence, one extra timeslot with respect to the case in which the PBCCH is not deployed can be allocated to MBMS.

It can be seen that one of the requirements for the MS to be able to receive the MBMS service is 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.

An alternative arrangement to the one in Figure 3 is shown in Figure 4, 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. In this case the MBMS service is transmitted on timeslots 2 to 7.

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 3, 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.

The situation shown in Figure 1 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 not present, MBMS sent using Frequency Hopping)
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Figure 2 - Simultaneous reception of paging or broadcast channel and MBMS data (PBCCH not present, MBMS sent without Frequency Hopping)
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Figure 3 - Simultaneous reception of paging or broadcast channel and MBMS data (PBCCH present, on TS0)
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Figure 4 - Simultaneous reception of paging or broadcast channel and MBMS data (PBCCH present, on TS1)

From this point of view, it can be seen that 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. Another advantage of deploying the PBCCH is described in section 6.

3. Impact of the CFCH

In previous meetings, the proposal to introduce a Common uplink Feedback CHannel (CFCH) to send negative acknowledgements (NACKs) for blocks that have not been received correctly has been made [4]. If this proposal is accepted, then all terminals should be required to support it (regardless of their class); this means that, depending on the timeslot allocation, the MS may also need to transmit on 1 uplink timeslot.

Figure 5 shows what happens when the CFCH is used and the PBCCH is not deployed in the cell. It is possible to see that in this case the maximum number of timeslots that MBMS can be received upon is 3.
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Figure 5 - 3+1 configuration for MBMS; simultaneous reception of paging or broadcast channel and MBMS data (PBCCH not present, MBMS sent using Frequency Hopping)

This configuration, which is based on the assumption that the MS should be able to send a NACK also when the BCCH or the CCCH need to be read, is possible if the BCCH and the CCCH are located on a single timeslot and the following conditions are met:

· the MS performs neighbour cell measurements only in the frames when not listening to the broadcast control channel or the paging channel;

· the MS is able to switch from TX to RX, without neighbour cell monitoring, in one timeslot, i.e. Trb = 1; if adjacent cell power measurements are performed, then two timeslots are required, i.e. Tra = 2;

· the MS is able to switch from RX to TX, without neighbour cell monitoring, in one timeslot, i.e. Ttb = 1.

In the frames where the MS does not need to transmit a NACK on the CFCH, two RXLEV measurements on neighbour cells could be performed, rather than one (this is not shown in Figure 5).

If the PBCCH is deployed in the cell, then the maximum number of timeslots that MBMS can be received upon (while still being able to read the PBCCH and the PCCCH) is 4, as shown in Figure 6.
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Figure 6 - 4+1 configuration for MBMS; simultaneous reception of paging or broadcast channel and MBMS data (PBCCH present, on TS0; PBCCH hopping)

For this configuration to be possible, in addition to the conditions listed in the bullet points above, the PBCCH and the PCCCH need to be located on a single timeslot. If the PCCCH is transmitted on more than one timeslot, then the number of timeslots that can be allocated to MBMS is reduced accordingly.

4. Monitoring of neighbour cells

MSs in idle mode generally employ discontinuous reception (DRX), i.e. in order to save battery power the MS powers itself down and “wakes up” only when there are activities (such as reading the paging channel, etc.) to perform. In this case, measurements on GSM neighbouring cells are performed only during the frames of the paging block that the MS is required to listen to (see TS 45.008). For a mobile listening to MBMS, on the other hand, RXLEV measurements can be performed in all frames, except the idle frames (see section 5) and the frames where the MS reads the paging channel and the broadcast control channel, as shown in section 2. It is therefore easy to verify that the requirements for RXLEV measurements can still be met while listening to MBMS, simply because the number of measurement samples that can be taken is higher, as shown in section 2 and section 3.

A multi-RAT terminal also needs to monitor cells of other RATs. 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), there will be 2 idle frames in every 52-frame multiframe. While receiving MBMS, measurements on inter-RAT cells will be performed during these idle frames, just like in dedicated or packet transfer mode. The MS will use the parameter 3G_SEARCH_PRIO, which is broadcast either on the SI2quater message (if PBCCH is not present) or on PSI3quater (if PBCCH is present) to decide how many frames to allocate for measurements on 3G cells.

For some multislot allocations, it may be difficult for the MS to perform inter-RAT measurements because, depending on the number of timeslots allocated to MBMS, the idle frames may not be sufficiently long to allow enough time to measure on cells from other RATs. When this happens in (E)GPRS, the behaviour of the mobile is specified in subclause 10.1.1.2 of TS 45.008:

In some allowed multislot configurations (see 3GPP TS 45.002) the MS is not able to perform BSIC decoding or multi-RAT measurements. In this case, the MS may skip the last transmission burst in the frame immediately preceding the idle frame or skip the first reception burst in the frame immediately following the idle frame in order to comply to the requirement to search, verify and decode BSIC information, or in order to perform multi-RAT measurements.

This is not acceptable for MBMS, because it increases the probability that an RLC/MAC block may not be received correctly (in (E)GPRS blocks received in error can be retransmitted, but in MBMS this possibility may not be present). However, it is believed that this situation should not occur for MBMS, because if only 6 downlink timeslots are used, the idle search frames should be long enough to allow the MS to perform inter-RAT measurements (as indicated in Table 6.4.2.2.1 of TS 45.002).

Although the MS has the possibility to measure 3G neighbour cells, reselection from GSM to a different RAT during MBMS reception should be discouraged, due to the long interruption time. Therefore, during the reception of MBMS an operator may wish to disable the monitoring of cells of other RATs. Therefore, it is proposed that a new parameter is introduced, Q_SEARCH_MBMS, that allows the network to control the identification and measuring of cells belonging to other RATs during the reception of MBMS (similarly to the parameters Q_SEARCH_I or Q_SEARCH_P for idle mode and packet idle/transfer mode). Some changes may also be required to the inter-RAT cell reselection algorithm, but this is for further investigation.

5. BSIC reconfirmation

For a mobile in packet idle mode there is a requirement to acquire and periodically reconfirm the BSIC of the 6 strongest GSM neighbour cells. While receiving MBMS, this task will be performed during the idle frames of the MBMS channel. In all the cases where the PBCCH is implemented in the cell, 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. This will not be true for the BCCH, as the multiframe period is different.

In Table 6.4.2.2.1 of TS 45.002 it is indicated that, when only transmitting in the downlink on a number of timeslots less than or equal to 6, normal BSIC decoding is always possible. Therefore, limiting the maximum number of timeslots that MBMS can be received on to 6, BSIC reconfirmation on neighbouring cells should not be a problem.

The question is whether the requirements on BSIC reconfirmation in packet idle mode can still be met in this scenario or they need to be modified. 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. In packet transfer mode, the requirement changes if the MS needs to monitor cells of other RATs, see subclause 10.1.1.2 of TS 45.008: 

A multi-RAT MS is allowed to extend this period to 13 seconds, if the neighbour cell list contains cells from other RATs and if indicated by the parameter 3G_SEARCH_PRIO.

Therefore it is proposed that, for mobiles receiving MBMS, the requirements for packet transfer mode should apply rather than those of packet idle mode.

6. Reading System Information from neighbour cells

Another task 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. This requirement is stated in subclause 10.1.1.1 of TS 45.008:

When PBCCH is not present in the serving cell and the network controlled cell reselection mode (see subclause 10.1.4) is not set to NC2, the MS shall attempt to decode the BCCH data block that contains the parameters affecting cell reselection as described in section 6.6.1 for non-serving cells that have been provided by the System Information message received from the serving cell. 

Acquiring the System Information from a neighbour cells requires the MS to read the neighbour cell’s BCCH, and the MS needs to spend at least a few frames listening to the BCCH carrier of the neighbour cell. As can be seen from Figure 1, Figure 2 and Figure 5, this will not be possible unless the MS interrupts the reception of the MBMS data.

Subclause 10.1 of TS 45.008 states:

In A/Gb mode, if PBCCH does not exist, the criteria and algorithms defined in subclauses 10.1.2 and 10.1.3 shall also apply if GPRS cell re-selection parameters for one or more cells are provided to the MS in a Packet Cell Change Order or Packet Measurement Order message (3GPP TS 44.060). In this case, the MS shall convert the idle mode cell re-selection parameters, received for the other cells according to clause 6, to GPRS cell re-selection parameters according to table 3a and use the same procedures, except that the MS may measure received signal strength in packet idle mode according to either subclause 6.6.1 or subclause 10.1.1.

Otherwise the MS shall perform cell re-selection according to the idle mode procedures defined in clause 6, except that the MS is only required to monitor full system information on BCCH of the serving cell if indicated by change mark on BCCH or PACCH. If PBCCH exists, the MS is not required to monitor system information on BCCH of the serving cell or any system information of the non-serving cells and only required to monitor system information on PBCCH of the serving cell if indicated by change mark on PBCCH, PCCCH or PACCH.

And subclause 6.6.1 specifies the periodicity with which this task needs to be carried out:

The MS shall attempt to decode the BCCH data block that contains the parameters affecting cell reselection for each of the 6 strongest non‑serving cell BCCH carriers at least every 5 minutes. When the MS recognizes that a new BCCH carrier has become one of the 6 strongest, the BCCH data shall be decoded for the new carrier within 30 seconds.

Although the information needs to be read every 5 minutes, there may be scenarios in which this task may need to be performed while receiving MBMS. For example, let’s consider the download of a video file [5]:


File size: 1 Mbyte


Encoding: H.263 video at 59.25 kbps, AMR-NB at 4.75 kbps


MBMS bearer: 32 kbps.

One file of such dimensions carries over 2 minutes video clip. Its download over the MBMS bearer takes about 4.5 minutes. So the duration of the MBMS transmission is comparable with the periodicity required for the task.

If the mobile is camping 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. From this point of view, the use of the PBCCH in those cells where MBMS is to be provided would be beneficial.

In cells where the PBCCH is not allocated, one possible alternative could be to transmit the cell reselection parameters for neighbouring cells on the MSACCH associated with the MBMS traffic channel [6]; this would remove the need for mobiles to read this information from the neighbour cells’ BCCH.

On the PBCCH, the neighbour cell information is transmitted in the PSI3 message, and its coding is defined in TS 44.060 [10] (for details about these parameters, refer to subclause 11.2.20):

	< Neighbour Cell params struct > ::=


< START_FREQUENCY : bit (10) >


< Cell selection params : < Cell Selection struct > >


< NR_OF_REMAINING_CELLS : bit (4) >


< FREQ_DIFF_LENGTH : bit (3) >


{
< FREQUENCY_DIFF : bit (1 + val(FREQ_DIFF_LENGTH)) >



< Cell Selection Params : <Cell Selection struct>> } * (val(NR_OF_REMAINING_CELLS)) ;



	< Cell Selection struct > ::=


< BSIC : bit (6) >


< CELL_BAR_ACCESS_2 : bit >


< EXC_ACC : bit >


< SAME_RA_AS_SERVING_CELL : bit (1) >


{ 0 | 1
< GPRS_RXLEV_ACCESS_MIN : bit (6) >



< GPRS_MS_TXPWR_MAX_CCH : bit (5) > }


{ 0 | 1
< GPRS_TEMPORARY_OFFSET : bit (3) >



< GPRS_PENALTY_TIME : bit (5) > }


{ 0 | 1
< GPRS_RESELECT_OFFSET : bit (5) > }


{ 0 | 1
< HCS params : < HCS struct > > }


{ 0 | 1
< SI13 PBCCH Location : < SI13 PBCCH Location struct > > } ;




This information (for all the cells in the neighbour cell list) could be sent on the MSACCH, for example at the beginning of the MBMS transmission. After that, the MS could either assume that the information does not change unless new parameters are sent, or the information could be repeated periodically
. The periodic repetition of the MSACCH messages even when the information has not changed would be useful, for example, if the mobile is not able to decode a particular message the first time it is sent.

7. Further considerations

The scenarios shown in Figure 3 and Figure 4 assume that (Core Network) paging coordination is provided by the network; this assumes that the Gs interface is implemented and that NOM I is used. If the PBCCH is deployed but NOM III is used, the MS would need to read two paging channels. This will have an impact on the reception of MBMS, and the maximum number of timeslots that MBMS can be received upon will be reduced
. The case of NOM III is not considered in this document
, and it is assumed that in networks providing MBMS services paging coordination will be implemented.

A further issue is the following. An MS in idle mode could be either in the Standby or the Ready state (from the GPRS Mobility Management point of view). When in Ready state, the network could command three different cell reselection modes (NC0, NC1 or NC2); the parameter values NC1 and NC2 do not apply in Standby state, where the MS shall always use normal MS control independent of the ordered NC mode. In NC1 and NC2, the MS needs to send measurement reports to the network. This will represent a problem for terminals receiving MBMS, because the mobile cannot transmit and therefore cannot send measurement reports (unless the reception of MBMS is interrupted). It is for discussion whether it is possible to assume that mobiles listening to MBMS will be in GMM Standby state, and what the behaviour of the MS should be in case it is in the Ready state when receiving a notification (e.g. would the MS be allowed to go to the Standby state in order to receive MBMS?).

As can be seen from the figures in section 2 and section 3, for an MS is in dedicated mode or GPRS packet transfer mode it may be impossible to receive in parallel an MBMS p-t-m session. Therefore, if the MS leaves packet idle mode, either the reception of MBMS is interrupted or alternative methods to deliver the MBMS content need to be used (e.g. a p-t-p connection).

A related issue exists when the MS receives a CS paging while receiving MBMS. The MS needs to be moved onto an SDCCH in order to perform the call set-up signalling, which includes receiving the CLI so that the user knows who the call is from. Once the user knows the caller’s identity, he/she can decide whether to accept the call or to reject it and continue receiving MBMS. But all the content transmitted during the signalling will have been lost.

8. Conclusions

The investigation carried out in this document shows that most of the tasks performed in packet idle mode can still be carried out even when the mobile is listening to an MBMS service. In particular, it has been shown that the MS can keep reading the System Information on the (P)BCCH and the paging messages on the (P)CCCH if the MBMS service is sent on up to 6 timeslots, provided that some constraints are met; if these are not met, the number of timeslots that can be allocated to MBMS is reduced. In particular, it may be necessary to restrict the locations of the PBCCH (if present), of the (P)CCCH and of the MBMS traffic channel(s).

However, for MSs receiving MBMS, the periodicity and the requirements for some tasks (e.g. BSIC reconfirmation) will require some modification with respect to packet idle mode. Also, 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. For this reason, it is proposed to introduce a new mode that the MS is in when receiving MBMS, called “broadcast/multicast receive mode”. It is also believed that this will make the update of the Stage 3 specifications needed for the introduction of MBMS easier.

It is worth noting that this state would be introduced only for the MS: from the network’s point of view the MS would still be considered in packet idle mode, because the network will have the same behaviour (with respect to the MS) regardless of whether the MS is receiving MBMS or not. Also, no context will be created in the GERAN for an MS receiving MBMS.

It is proposed that the conclusions presented in this contribution are captured in the MBMS Stage 2 TS [9]; a draft CR is contained in [8].

The analysis presented in this document is useful to define the requirements on the MS capabilities, in particular the multislot class (or classes) to be defined for MBMS capable terminals. This aspect is discussed in [7].
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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.


� 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 (for example through the use of block repetition or of outer coding) may compensate for this.


� Several previous contributions have highlighted the fact that, for MBMS p-t-m transmission, it may be useful to use a frequency hopping channel, as the performance gain from FH is beneficial in the case of services 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 � REF _Ref40005028 \w \h ��[1]� and � REF _Ref64952032 \w \h ��[3]�.


� Another reason for limiting the maximum number of timeslots is that, as indicated in Table 6.4.2.2.1 of TS 45.002, with 7 timeslots not only normal measurements are not possible, but also normal BSIC decoding is not possible (see section � REF _Ref65295158 \w \h ��5�).


� 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.


� This means that they are not allowed to hop on the BCCH carrier.


� 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).


� The requirement that the MS will be able to read both paging channels while receiving MBMS will also add some further constraints to the location of the PBCCH.


� At GERAN#3, it was proposed to remove NOM III (see GP-010078); however after discussion in TSG GERAN and other 3GPP groups (mainly TSG CN WG1 and TSG SA WG2) the proposal was not agreed. Nonetheless in GP-010561 (which is an LS from SA2 to GERAN) it is stated: "No operator present in the meeting indicated any intention to deploy NMO III in a commercial network".
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