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MBMS notification and paging co-ordination
1. Terminology

For the purposes of this paper;

· Paging notification refers to CS or PS paging of an individual MS for non-MBMS services 
· MBMS notification refers to the notification of an MBMS session starting, which is a group message (i.e. broadcast in cell)
· MBMS notification may also comprise additional individual “MBMS notification” messages to individual MSs (e.g. if it is known that these MSs have joined the MBMS service), this is discussed later in the paper.
2. SA1 Requirements
The SA1 Stage 1 TS now requires MBMS notifications to be delivered to the MS directly, even when involved in other services.
As indicated in the LS from SA2 (G2-040181), the following requirements are therefore placed on GERAN:
a) Notification of incoming CS service during an ongoing MBMS session;

This is done in GERAN using the existing paging channel(s), as all MSs are assumed to be in packet idle mode even when receiving MBMS data.
b) Notification of additional MBMS session during an ongoing MBMS session;

The MBMS notification solution in GERAN will be provided on a common control channel which can be monitored by an MS in packet idle mode and while receiving MBMS data
TSG GERAN have assumed until now that there is no in-band notification on a p-t-m channel regarding ongoing/starting sessions for other MBMS services.
c) Notification of Mobile Terminating PS data during an ongoing MBMS session;
This is done in GERAN using the existing paging channel(s), as all MSs are assumed to be in packet idle mode even when receiving MBMS data.
d) Notification of MBMS session during an ongoing CS or PS domain “connection”.
This is the new requirement which is discussed in this paper.
3. Paging Co-ordination
MBMS notifications are similar to PS pagings in that they originate in the PS domain and are sent by the SGSN to the BSS.  Looking at the functionality which already exists for co-ordinating activity in CS and PS domains therefore:
· In Network Operation Mode I, CN paging co-ordination is done by the SGSN based on the IMSI, and is provided independently of whether the MS is in STANDBY or READY state. 
· In Network Operation Mode II and III, CN paging co-ordination is not available, but paging co-ordination can still be done on the BSS level based again on the IMSI which is stored in the context for that MS/domain.  
· If the IMSI is not available in the BSS, then the paging is sent on the (P)CCCH paging channel.
Conclusion ( MSs which already have to monitor their paging channel should also be able to receive MBMS notifications on the (P)CCCH without the network sending individual signalling to each MS. 
The rest of this paper discusses the cases where this is not possible.

4. Delivering MBMS notifications to an MS involved in a CS call
If BSS paging co-ordination for PS paging is available (this is linked to the network support of DTM), the MS would expect to receive PS pagings in-band (as a PACKET NOTIFICATION message) on the associated control channel belonging to the CS traffic channel.
So, in the case where DTM procedures are supported, the MS is not expecting to have to listen to the common control channels and therefore will not receive the MBMS notifications which are broadcast in the whole cell. 
There are three main options:

1. To mandate the presence of the Gs interface and re-use the CN paging co-ordination procedure as a basis for delivering MBMS notifications.

2. To reuse the BSS (IMSI) paging co-ordination for PS pagings (currently only supported for DTM-capable MSs and in DTM-capable networks) 

3. To introduce a new procedure (MS-initiated?) to provide either the SGSN or the BSS with the necessary information to perform the new co-ordination function.
· If the above two solutions are not acceptable (e.g. given the knowledge needed to perform the co-ordination), then an alternative location for the “co-ordination” function and identifiers should be found (SA2 proposal and UE linking based proposal below)
4.1. CN paging co-ordination
If paging co-ordination were available in the CN (via the Gs interface), then the SGSN would be aware of whether a CS call was ongoing for each MS and would be able to send the MBMS notification in a similar way to a normal PS paging message (inband on the DCH to the MS).  This would require the link between TMSI/P-TMSI and TMGI to be known in the SGSN

The difficulty is that the MBMS notification uses an MBMS service ID (TMGI) and not a list of MS identifiers, so at MBMS session start the SGSN would have to check through ALL MSs in the SGSN area who are GPRS attached and in GMM-Ready state to see whether any of them had TMSIx in their MBMS UE context.  If it found MS(s) joined to the service, one paging message would need to be sent over the Gb interface for EACH MS.  This would look very similar to a simultaneous paging of, say, 100’s or 1000’s of MSs within the SGSN area and may incur considerable traffic load on the Gb.  This very concern has been raised in Tdocs..... from SA2/RAN2/GERAN2 and seems to have been ruled out again in SA2#38.

Conclusion ( Basing a solution on CN paging co-ordination is not proposed.
4.2. DTM IMSI co-ordination procedure

If the MS is joined to an MBMS service, it must be GPRS attached and if it also has a CS call ongoing, then it must also be IMSI attached (via the combined procedure) and hence either class A or class B.  
If the MS was in GMM-Idle but was RR-connected, then the SGSN (in the case here of the Gs interface being present) would know to send a BSSGP-DL-UNITDATA with the IMSI (see TS 43.055) in order for the BSC to correlate between the IMSI sent and the IMSI/TMSI pair stored in the RR context for the MS.
It should be noted that it is GERAN’s current assumption that no enhancements shall be made to DTM to enable simultaneous support of MBMS data reception and a CS call in release 6.  However, the MBMS notification may still be provided to the user in order for the CS call to be terminated in favour of the MBMS session.  DTM procedures may require rewording to allow this possibility.

Conclusion ( It is currently agreed that the support of DTM is not required in either the network or the MS for MBMS, so a DTM-capable MS cannot rely on the DTM BSS co-ordination function to deliver MBMS notifications if the network is not DTM-capable.
4.3. New (MS-initiated) procedure
SA2 suggested in their LS (G2-040181) that:

When the UE establishes a GERAN RR connection for the CS domain, the UE shall send an indication of whether or not it belongs to any MBMS groups to the BSS. Then the BSS requests the set of MBMS groups from SGSN. SGSN shall send the list of MBMS groups (identified by their TMGIs) that it belongs to the BSS. When the BSS needs to notify an RR connected UE, the BSS sends a notify message to the UE on the established RR connection. 
and in their agreed CR (S2-040980) they state:
When the UE establishes a GERAN RR connection for a CS service, the UE shall send a flag indicating that it has activated at least one MBMS bearer service. The BSC request the SGSN to send the list of MBMS bearer services that the user has activated to enable the RNC [BSC?] to notify the UE when MBMS session starts.
The message flow is represented in Figure 1.
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Figure 1: SA2 paging co-ordination proposal
The difficulty is that this procedure requires the PS side of the GERAN to be involved when the MS has only connected to the CS side.  It also requires Gb signalling which is specific to one MS, but it is not clear which messages or MS identities would be used (one is needed to distinguish between multiple messages between the same SGSN and BSC).  As the SGSN may only be aware of the PS identifiers for the MS, it could only provide the TMGI and P-TMSI to the BSC.  Hence the MS would need to also send its P-TMSI and possibly other CN identifiers if it had established a CS call.
The BSS would therefore be required to retrieve the list of TMSIs the MS was interested in receiving notifications for at CS call establishment and save it in the MS’s CS RR context for the duration of the call.  This would spread the signalling over all the (more) random call setup times, rather than all the signalling happening at session start.
5. Delivering MBMS notifications to an MS involved in a PS session

The following procedures have already been defined for delivering CS paging messages to an MS while it is in a PS session:

· Either the MS shall monitor the (P)CCCH

· Or paging/DTM co-ordination is performed in the CN/BSS – the MS expects to receive CS pagings in-band on the associated control channel belonging to the packet data channel.

Excerpt from TS 23.060 section 8.1.6 “If BSS paging co-ordination for CS paging is active in a cell or not, shall be indicated as system information to the MSs.”
SA2 suggested in their LS (S2-040135) that:

When the UE is in the GPRS Ready state, the 2G-SGSN could perform paging co-ordination. When needed, the SGSN then sends Gb interface notification to the BSS and the BSS notifies the UE. Alternatively, the SGSN sends the list of activated MBMS services to the BSS and the BSS notifies the MS when an MBMS session starts.
Solution proposed by SA2 for RAN2

When the UE in PMM-IDLE mode establishes the UTRAN RRC connection for a CS service, the UE shall send a flag indicating that it has activated at least one MBMS bearer service. The RNC requests the SGSN to send the list of MBMS bearer services that the user has activated to enable the RNC to notify the UE when MBMS session starts. 

When a UE moves to PMM-connected state, the SGSN sends the list of MBMS bearer services that the user has activated to the RNC. The RNC notifies the UE when an MBMS session of the user’s activated MBMS bearer services starts.
For an MS in GMM Ready state, this means that it has a TBF ongoing (or just finished) and depending on the location of the MBMS p-t-m channel it may (but probably won’t) be able to receive the MBMS data in parallel to its ongoing TBF.
It has not been discussed whether the network will be equipped to reconfigure ongoing TBFs onto a neighbouring channel in order to permit reception of MBMS + TBF data, and this could anyway only be done for a limited number of MSs.  If frequency hopping is used, it is not clear whether this would be possible in any case.
It is more likely that a TBF would be terminated in favour of the MBMS session, which means that it would be required for the MS to receive the MBMS notification while on its TBF.  This could be performed in the SGSN (see 4.1).  Alternatively, the BSS could be provided with this information by the SGSN during the Create BSS PFC procedure, when an MS-specific context is created in the BSS.  This information would not need to be resent unless the BSS released all PFCs for this MS.  This has discussed in relation to the UE linking procedure (see GP-030478) and is summarised in section 5.1.
5.1. UE linking based procedure

Another alternative has been referred to as UE linking in previous meetings (see G2-030478) and which would also be suitable for the case of delivering MBMS notifications to MSs engaged in PS sessions.

The original concept of the UE linking procedure in SA2/RAN2 was to reduce the signalling load at the SGSN at session start by providing the information about which MBMS services a UE was interested in to the BSS when an RRC/PMM connection is established for the UE.  This then puts the burden of co-ordination (and storage of this MBMS specific info) on the RAN.  In GERAN A/Gb mode the initial proposal for an equivalent procedure was the Create BSS PFC procedure and it was proposed to store the information in the MS’s BSS context.

Alternatively, on receiving the session start message, the SGSN could send a list of interested MSs (i.e. all MSs whose UE context in the SGSN contained this MBMS service ID) to the BSC.  This would enable the BSC to inform all MSs (including those involved in other services) of the session start.

The benefits are:

· There is no need to send redundant information across the Gb interface prior to session start (many MSs may have moved out of the area by the time of a session start).

· The information transfer occurs once when needed (on session start), instead of multiple times (for each MS according to mobility and PS/CS activity).

· Could be used for MSs in CS calls or PS sessions

6. Summary

This is how the new SA1/2 requirement could be fulfilled:
d) Notification of MBMS session during an ongoing CS or PS domain “connection”.

MSs who are already monitoring paging channels shall be expected to also pick up group MBMS notifications, no individual notification signalling shall be provided.

In the case where MSs are not listening to paging channels (expected to be a small subset of MSs, those in NOM I who are expecting CN paging co-ordination to be done), it is at the discretion of the network whether the MBMS notification message shall be duplicated and sent in-band to the MS.  The proposed solutions are either:
· “BSS” paging co-ordination – the SGSN correlates between TMGI and IMSIs and sends a list of IMSIs with the session start message in order for the BSS to send the MBMS notification to MSs involved in CS calls or PS sessions.

· UE linking procedure – the SGSN sends the correlation between TMGI and MS identifier (whether IMSI, P-TMSI, TMSI…) to the BSC prior to session start (e.g. at CS call establishment or BSS PFC context creation), either on request from the MS (see 4.3) or according to pre-defined rules (see 5.1).
It is proposed that these options be discussed prior to responding to SA2 with a view on their proposal.

	Solution
	Entity responsible for performing correlation
	Load on Gb
	Correlating identifiers for CS side
	Correlating identifiers for PS side
	Disadvantages

	CN paging 
co-ordination
	SGSN
	At session start
	TMGI to TMSI
	TMGI to P-TMSI
	High signalling load due to individual paging/notifications over Gb interface

	DTM co-ordination
	SGSN & BSS
	As session start
	TMGI to IMSI
	TMGI to IMSI
	Would require support of DTM in network and enhancement to class B MSs

	SA2 proposal
	SGSN & BSS
	At CS call establishment
	TMGI to IMSI or TMSI 
	TMGI to IMSI or P-TMSI
	TMGI list (PS) to be stored in “RR context” (CS)

	UE linking
	BSS
	At Create BSS PFC

Or
At CS call establishment

or
At session start
	TMGI to TMSI
	TMGI to P-TMSI
	Burden of co-ordination in BSC (both on CS and PS sides)
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