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Paging for MBMS

1. Introduction

The following is an excerpt from a contribution to the previous meeting [3] showing the open issue this paper is addressing.

MBMS Data Transmission Notification

The GERAN may notify all users of a cell (on a common control channel) of the start of a multicast data transmission in order for the GERAN to verify if there are subscribed users wishing to receive the forthcoming transmission. 

· How can this best be done in GERAN (given that idle mode users are camped on (P)CCCH and users in transfer mode may not be)?

2. Paging scenarios for MBMS

With the introduction of MBMS, several new scenarios are created where an MS is required to receive a paging message for an MBMS service or a paging/notification message for an MBMS service.  The scenarios are described below, summarised from [2].

The stages of an MBMS service are as follows:

1. Service subscription (performed between MS and CN (BM-SC) at any point prior to MBMS session start) – MULTICAST ONLY
2. Service announcement/discovery (may be performed using CBS, MBMS broadcast, WAP/SMS “Push” or a Web URL)

3. Multicast joining (performed using IGMP between MS and CN, i.e. transparent to GERAN) – MULTICAST ONLY
4. Session start (when the BM-SC is ready to send data for a particular service)

5. MBMS notification (performed by the GERAN)

6. Data transfer (performed by the GERAN)

7. Session stop (when the BM-SC stops sending data, the GERAN will at a suitable point release the radio resources/MBMS “bearer”)

8. Leaving (i.e. multicast deactivation) – MULTICAST ONLY
The “paging” for MBMS scenario corresponds to the “MBMS notification” phase shown above. This is described in section 3.

During the “Data transfer” phase, the MS also needs to respond to other (non-MBMS) paging messages sent by the network. This is described in section 4.

2.1. Paging channel in different network modes of operation

According to the network operation mode, an MS is required to listen to one or more paging channels as shown below.  These paging channels are used for CS and PS paging from the CN and may also be used for MBMS notification.  It is assumed in this paper that idle mode users shall be able to receive notification of MBMS services (although it is FFS whether these MS shall move out of idle mode for the data transfer). 

The following sub-sections describe whether it is possible in all NOMs to use a paging channel for MBMS notifications.

2.1.1. Paging channel(s) in NOM I

In NOM I an MSC-originated (CS) paging of GPRS-attached MSs shall be co-ordinated by the SGSN based on the IMSI.  The GERAN shall send all paging messages for these MSs either on the designated GPRS paging channel or a GPRS traffic channel.

· If an MS is receiving MBMS data in packet idle mode (RRC Idle), the CS and PS pagings shall be delivered via the GPRS paging channel.

· If an MS is receiving MBMS data in packet transfer mode (RRC Connected), the CS pagings shall be delivered via the GPRS traffic channel.

Requirement – MBMS users in idle mode under a NOM I network shall listen to the GPRS paging channel during an MBMS transmission.  An MS in packet transfer mode does not listen to any paging channel, therefore this channel cannot be used to send MBMS notifications (without modification to legacy procedures).  An alternative method of delivering these MBMS notifications to the MS must be found, for example using an associated control channel. 
2.1.2. Paging channel(s) in NOM II

In NOM II there is no co-ordination between MSC and SGSN (via the Gs interface), but there is only one paging channel available (CCCH) therefore a type of co-ordination is performed in the GERAN.  The MS needs only to listen to a single paging channel to receive both PS and CS paging messages.

· If an MS is receiving MBMS data in packet idle mode (RRC Idle), the CS and PS pagings shall be delivered via the CCCH paging channel.

· If an MS is receiving MBMS data in packet transfer mode (RRC Connected), the CS pagings shall be delivered via the CCCH paging channel.

Requirement – All MBMS users (in idle mode and transfer mode) under a NOM II network shall listen to the CCCH paging channel during an MBMS transmission.

2.1.3. Paging channel(s) in NOM III (A/Gb mode only)

In NOM II there is no co-ordination between MSC and SGSN (via the Gs interface), and there may be two paging channels available. The MS is required to listen to both paging channels to receive both PS and CS paging messages.  In NOM III some mobiles may choose (because of their MS capabilities) to perform either an IMSI attach or a GPRS attach but not both.  There is no NOM III in Iu mode as paging co-ordination can be performed in the RAN if it is not performed in the SGSN.

· If an MS is receiving MBMS data in packet idle mode, the CS pagings shall be delivered via the CCCH paging channel (PCH) and the PS pagings shall be delivered via the GPRS paging channel (PPCH if available or PCH if not).

· If an MS is receiving MBMS data in packet transfer mode, the CS pagings shall be delivered via the CCCH paging channel.

Requirement – All MBMS users (in idle mode and transfer mode) under a NOM II network shall listen to the CCCH paging channel during an MBMS transmission (if IMSI attached). MBMS users in idle mode under a NOM III network may also listen to the GPRS paging channel during an MBMS transmission.

2.2. Paging channel availability

	
	Paging channel listened to in packet idle mode during MBMS transmission?
	Paging channel listened to in packet transfer mode during MBMS transmission?
	Paging channel listened to during CS voice call?

	NOM I
	Yes, PCCCH or CCCH
	No
	No

	NOM II
	Yes, CCCH
	Yes, CCCH
	No

	NOM III
	Yes, CCCH (and PCCCH if available)
	Yes, CCCH
	No


Table 1: Network Modes of Operation

In the scenarios where a paging channel is being monitored by the MBMS MS, it is possible to inform the MS of other MBMS services on this channel, as well as the CS (and sometimes PS) paging messages which are usually sent.

In packet transfer mode in NOM I, no paging channel is monitored, hence MBMS notifications need to be sent on DL resources assigned to the MS (e.g. DL TBF, or PACCH, or in-band on the MBMS channel).

If an MS is required to receive MBMS notifications during a CS voice call, a paging channel based solution is not possible.

3. MBMS notification

3.1. Requirements

· An “MBMS notification” phase shall be included for the provision of both broadcast and multicast services.  

· An MS shall receive MBMS notification messages in the following scenarios:

· During an MBMS data transmission (i.e. either packet idle or transfer mode)

NB: This solution may hence be the same, alternatively an MBMS channel specific solution may be provided.

· In packet idle mode (a GPRS paging channel is always available)
NB: If idle mode is not supported, an MS shall still be able to receive an MBMS notification in packet idle mode but must then move into packet transfer mode prior to MBMS data reception.

· In packet transfer mode (a GPRS paging channel is only available in NOM II and III)
NB: The solution depends on the network mode of operation (see section 2.1)

· During a CS voice call (a GPRS paging channel is not available)

NB: This is FFS and may be MS capability limited (only some multislot/DTM classes)

3.2. MBMS notification on GPRS paging channel

In packet idle mode and packet transfer mode in NOMs II and III, an MS will be camped on one or more paging channels.

In these cases the GPRS paging channel could be used for MBMS notification messages.  The designated GPRS paging channel is usually the PCCCH (if available) and the CCCH if not.

3.3. MBMS notification without GPRS paging channel

In packet transfer mode in NOM I, an MS will not be monitoring a paging channel as CS pagings are currently delivered on an associated control channel (PACCH).  In this case, either an in-band (on the MBMS channel) approach is needed (see 3.5.1), or signalling on or associated to the resources assigned to the MS.

3.4. MBMS notification during CS voice call

During a CS voice call, a DTM capable MS may receive an LLC PDU containing the IMSI which enables the BSS to co-ordinate and send the PDU on the DCCH of the MS’s dedicated channel.

The solution for providing an MBMS notification will be similar to case 3.3, where no paging channel is available.  It is anticipated that it will rely on provision of the IMSI by the CN.

3.5.  MBMS notification during an MBMS transmission

3.5.1. “In-band” MBMS notification

If there are no other resources (i.e. a GPRS TBF) allocated to the MS, then one of the existing MBMS channels could be used to inform users of upcoming MBMS services.

An MBMS multicast channel cannot be used to inform all mobiles in a cell of upcoming services as not every user will be receiving the multicast data.  It is then very questionable whether there is any benefit in providing any information about other MBMS services in that area on a multicast channel, as this cannot be relied on to reach all users and therefore the information needs to be repeated elsewhere.  Duplication of this kind that reduces the available bandwidth on a multicast channel is not seen as being desirable.  One exception may be if the channel is being used for multiple services, in which case it may be expeditious to include details of the other services to allow users, firstly, to distinguish between the services and, secondly, to receive additional services without needing to move to another channel to be informed of their location.

Alternatively, an MBMS broadcast channel may be a suitable method of informing all users of an upcoming multicast service.  If this broadcast service were recognisable (from its identifier) that it contained service announcements / notifications, then all users could choose to listen to this service (All broadcast channels are p-t-m).  This would avoid bandwidth being “stolen” from ongoing MBMS services to provide the information on additional services and would also allow users to decide whether to listen to the channel or not.

Open Issues:

1.
Please discuss the following table (all open)!  Which notification information is appropriate to be sent “in-band” on an MBMS channel?

	Notification possibilities
	Other broadcast MBMS services on the same channel?
	Other multicast MBMS services on the same channel?
	Other broadcast MBMS services on other channels?
	Other multicast MBMS services on other channels?

	MS is on an MBMS broadcast channel
	Yes
	Yes, if this config valid
	Only if MS on service notification broadcast service
	Only if MS on service notification broadcast service

	MS is on a p-t-m MBMS multicast channel
	Yes, if this config valid
	Yes, if this config valid
	Only to indicate service notification broadcast service
	No, low probability of multicast user groups overlapping

	MS is on a p-t-p MBMS multicast channel
	Not applicable
	Not applicable
	No (or only to indicate service notification broadcast service)
	Only if filtered by network to include just the services the MS had joined (or was subscribed to??)


Table 2: In-band notification options

When the entry in Table 2 is “no” or “not always”, an alternative notification mechanism may need to be provided.  

2.
If the delay requirements for receiving an MBMS notification are not very strict, it may be feasible for an MBMS user to wait until it is able to check the “service notification” broadcast channel to inform itself of other MBMS services.  This is therefore dependent on the requirements as defined in [1] and [2].

3.5.2. MBMS notifications on a paging channel

If MBMS notifications are only sent on an MBMS channel (shown in 3.5.1), it does not guarantee that MBMS users not currently listening to that MBMS transmission will receive the information. Hence any proposal in this category does not rule out the need for a paging-based solution as discussed in section 3.2.

4. Paging an MS for non-MBMS services during an MBMS data transmission

4.1. Requirements

· During MBMS data transmission, a mobile shall be able to receive paging messages as indicated in this SA1 requirement [1]: 

· “While receiving one or more multicast services it shall be possible for the user to be informed about incoming voice calls or the availability of other MBMS services.”
· This comprises the following scenarios:

· PS paging when in packet idle mode

· CS paging when in packet idle mode

· CS paging when in packet transfer mode (Note a GPRS paging channel is only available in NOM II and III)

4.2. Paging for PS services 

This is only necessary during an MBMS transmission if mobiles are supported in packet idle mode, meaning that the network is not aware of the users’ identity.  As the network does not know which users are listening to the MBMS channel in idle mode, it is not able to filter the paging messages to only include those intended for one (or more) of the users on that MBMS channel.  Hence the conclusion would be that all paging messages received from the CN for that cell would need to be duplicated on this MBMS channel.  This is clearly not possible due to the bandwidth requirements. 

From Table 1 it can be seen that a paging channel is always available to an MS in idle mode, therefore a paging channel based solution would seem the best choice.

This means that the paging procedures would not be modified due to the introduction of MBMS, but an MBMS-capable MS shall monitor the paging channel as previously, regardless of any MBMS activity.

4.3. Paging for CS services 

As is the case when paging for PS services, when the MS is in packet idle mode there is a paging channel being monitored.  This is the proposed method of informing an MS about CS/PS paging as well as other MBMS service notification.

This is also the proposed approach for when an MS is in packet transfer mode under either NOM II or III.

However, in NOM I, an MS in packet transfer mode is expecting any CS paging to be sent on the PACCH of the PDTCH.  

The proposals for an MS in packet transfer mode under NOM I are thus:

· If an MBMS service is being provided on an MBMS channel (p-t-p or p-t-m) and the MS has other TBF(s) available, the CS paging could be sent on the PACCH of the normal PDTCH (legacy operation).

· If an MBMS service is being provided on a p-t-p channel (which has moved the MS into packet transfer mode) and the MS has no other TBF(s) available, the CS paging would need to be sent in-band on the p-t-p channel. [Note this may not be a valid working scenario]
· If an MBMS service is being provided on a p-t-m channel (which has moved the MS into packet transfer mode) and the MS has no other TBF(s) available, then the CS paging for this MS (and for any other known users of this MBMS channel in the same situation) would need to be sent in-band on the p-t-m channel.  This is not appealing and an alternative solution should be sought.
5. Recommendations

5.1. MBMS notification

In all scenarios where a paging channel is being monitored by the MBMS MS, (one of) these paging channel(s) shall be used to inform the MS of MBMS notifications. 

In the cases where a paging channel is not being monitored (e.g. in packet transfer mode in NOM I, or during a CS voice call), “in-band” MBMS notification may be used according to Table 2.

5.2. Delivering pagings during MBMS

In all scenarios where a paging channel is being monitored by the MBMS MS, (one of) these paging channel(s) shall be used to inform the MS of CS and PS pagings, where applicable. 

In the cases where a paging channel is not being monitored (e.g. in packet transfer mode in NOM I, or during a CS voice call), CS and PS pagings shall be sent on the MS’s other resources (i.e. on the PDTCH which has caused the MS to be in packet transfer mode or the CS channel on which the voice call is being sent), thus avoiding any reduction in bandwidth for the MBMS service (see section 4.3).

If idle mode is not supported, the MS will probably need to be moved into packet transfer mode on commencing MBMS data reception.  In this case, where an MS only has an MBMS service ongoing, the MS may need to be paged for its CS and PS services on the MBMS channel.  This is not a desirable solution, especially for a p-t-m channel where many more paging messages may need to be sent.  It is therefore recommended that idle mode support be introduced, in order for a paging channel solution to be employed.
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