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1. Introduction

For MBMS there is a need to notify a group of UEs to announce the start of the service. This contribution proposes a mechanism to do this. The mechanism is generic, in that it could be reused for any other (future) service which requires a group of UEs to be paged.

2. Generic principles

The following assumptions arte considered:

1. In order to support discontinuous reception, there is a requirement to notify (in order to ‘wake up’) a group of UEs – that is, to cause them to read the channel (called notification channel below) on which these UEs will get service-specific information such as, for MBMS, the channel on which the data will be broadcast or an instruction to move to connected state.

2. In order to wake up the UEs interested in a service, a notification identifier (called TMGI in the current TS) is required for use on the Paging channel:

· A group notification is done and the group notification identifier (TMGI) has to be known by the RAN which sends the notification message and by all the interested UEs. 

· The size of this TMGI shall be adapted to the RAN Paging channel capabilities (size constraint on the paging identifier).

3. In order to differentiate multiple services that can be available at the same time, the service specific information on the notification channel shall include a unique Service Identifier: 

· This unique Service Id is known by the RAN and by the UE. The size of this Service Identifier is adapted to notification channel capabilities, which may be different from the Paging channel capabilities.

· In the case of MBMS, then the ‘unique Service Id’ referred above could be the “IP Multicast Address + APN” combination.

3. Discussion

3.1 Who allocates the TMGI

To wake up the UEs interested in a service, the TMGI has to be sent on the Paging channel. In order to get a short TMGI on the Paging channel different possibilities can be envisaged:

· The TMGI could be allocated by the BM-SC and provided to the UE at service activation. This TMGI would be sent to the RAN at Session Start and used to notify the UEs. 

· The TMGI could be allocated by the SGSN and provided to the UE at service activation. This TMGI would be sent to the RAN at Session Start and used to notify the UEs. 

· The TMGI could be generated independently by the RAN and by the UE based on a pre-decided algorithm and some shared information such as the unique Service Identifier (IP Multicast address and APN)

The first two options require:

· Allocation of the TMGI in the CN depending on RAN constraints on the available capabilities of the Paging channel. This brings dependency of the CN from the AN.

· Additional signalling to transfer the allocated TMGI to the RAN and to the UE as these two entities are the ones that will use the TMGI. 

· Problem for the Broadcast mode: this additional signalling is possible for Multicast Service as the UE exchanges some signalling with the CN (MBMS Service Activation) but becomes problematic with the Broadcast service in which the UE does not interact with the CN.

· Need of a coordination between BM-SC (or between SGSNs for second option) to avoid some TMGI collision between services (to require the identifier to be unique or at least “probably unique”)

Therefore we propose option 3: the TMGI generated by the RAN node and the UE. 

3.2 Uniqueness of the TMGI

An important consequence of the assumptions 2) and 3) of section 1.1 above is that the TMGI does not need to uniquely identify a service i.e. some services could get the same TMGI value. 

The only requirement is that the UE has a way to uniquely identify the service later: 

· The consequence if some services use the same TMGI is just that additional UEs ‘wake up’ while they are not interested in the particular service. 

· Allocation of the TMGI should be done so that number of cases with TMGI collisions is very small. TMGI does not need to be unique but “probable uniqueness” could be sufficient.

· The UEs that ‘wake up’ in error will quickly detect this when they read the notification channel and discover the unique Service identity described in (3) above. As long as this happens rarely, the only impact is a minute decrease in battery life on the UEs which mistakenly wake up.

3.3 Proposal for RAN TMGI allocation

The TMGI allocation mechanism proposed here is based on both the RAN and UE calculating a hash of the unique Service Identifier (IP Multicast address+APN for MBMS services). This hash value is then used as the group notification identifier (TMGI) to wake up UEs that are interested in the service at the appropriate time.

Since the TMGI has to be limited in size (probably to 16 bits due to Paging channel constraints), then there is a certain probability that two distinct services result in the same hash value. Choice of an appropriate hashing algorithm can make this probability extremely low. If two services map to the same value, the consequence is that UEs for both services ‘wake up’ when either of the services require notification. The UEs will check the appropriate notification channel for the status of their particular service (since by assumption 3, the notification channel contains the full unique service identity). UEs which have woken up ‘in error’ can then go ‘back to sleep’.

The following elements require standardisation:

· The field over which the hash is to be calculated – this must include the unique identifier for the service

· The algorithm to be used to generate the hash so that it is known by both the UE and the RAN and that collisions between generated TMGI is small enough to avoid some UEs to wake up accidentally. This is subject to RAN/UE discussions.

The interest is that:

· RAN constraints on Paging channel will be taken into account by RAN itself. There is no dependence of CN with the AN constraints.

· There is no additional signalling to be done in the CN to propagate this TMGI to the RAN

· There is no need of signalling with the UE as the TMGI is “calculated” based on the unique Service Id that both the UE and the RNC previously knows

· The solution works for both Multicast and Broadcast services and indeed could easily be extended to other future group services.
3.4 Algorithm used to generate the TMGI

The required property for the algorithm used to generate the TMGI is that there is a low probability of ‘collisions’ where two services result in the same hash value. The common crytographic hash algorithms MD2 [1], SHA-1 [2] and MD5 [3] certainly have this property. A suitable candidate hash algorithm would be to take the first n bits of the output of one of these algorithms applied to the field defined in 3.1. We suggest n=16 would be an appropriate size, but this would need to be decided by RAN groups based on the format to be used on the Paging channel.

For this application, though, we do not need the computationally intensive cryptographic properties of the above algorithms. It should be considered whether a simpler algorithm would be suitable and many such algorithms are described in computer programming literature (e.g. Knuth [4]).

4. Proposed change for the TS (with revision marks)

5. 

· 
· 
· 
· 
6.1
MBMS UE Context

The MBMS UE Context contains UE-specific information related to a particular MBMS bearer that the UE has joined. An MBMS UE Context is created in the UE, SGSN and GGSN when the UE joins an MBMS bearer. In the SGSN, an MBMS UE Context is also created as a result of an inter-SGSN routing area update after the transfer of the MBMS UE Context from the old SGSN. It is FFS whether MBMS UE Contexts are created in the BM-SC

In the UE, SGSN and GGSN, the MBMS UE Context is stored as part of the MM Context for the UE. There is one MBMS UE Context per MBMS bearer that the UE has joined.

The content of the MBMS UE Context is described in Table 1.

Table 1: MBMS UE Context

	Parameter
	Description
	UE
	RAN
	SGSN
	GGSN
	BM-SC

	IP multicast address
	IP multicast address identifying an MBMS bearer that the UE has joined.
	X
	FFS
	X
	X
	-

	APN
	Access Point Name on which this IP multicast address is defined.
	X
	FFS
	X
	X
	

	TMGI
	Temporary Mobile Group Identity allocated to the MBMS bearer.
	X
	X
	-
	-
	

	Linked NSAPI
	NSAPI of the PDP context used by the UE to carry IGMP/MLD signalling.
	X
	FFS
	X
	X
	

	FFS
	FFS
	
	
	
	
	

	
	
	
	
	
	
	


6.2
MBMS Bearer Context

----------- no change in the beginning of the section 6.2 -----------

Table 2: MBMS Bearer Context

	Parameter
	Description
	RAN
	SGSN
	GGSN
	BM-SC

	IP multicast address
	IP multicast address identifying the MBMS bearer described by this MBMS Bearer Context.
	X
	X
	X
	X

	APN
	Access Point Name on which this IP multicast address is defined.
	X
	X
	X
	FFS

	TMGI
	Temporary Mobile Group Identity allocated to the MBMS bearer.
	X
	-
	-
	-

	State
	State of activity of the MBMS bearer (‘standby’ or ‘active’)
	FFS
	X
	X
	X

	QoS
	Quality of Service required for the MBMS bearer.
	X
	X
	X
	X

	MBMS Service Area
	Area over which the MBMS service has to be distributed.
	X
	X
	X
	X

	List of downstream nodes
	List of downstream nodes that have requested the MBMS bearer and to which notifications and MBMS data have to be forwarded.
	
	X
	X
	X

	Number of UEs1) (FFS)
	Number of UEs hosted by the node that have joined the multicast service.
	FFS
	X
	X
	FFS

	FFS
	FFS
	
	
	
	

	
	
	
	
	
	


-------------------------------------- Next changes ----------------------------------

6.4 Temporary Mobile Group Identity
Temporary Mobile Group Identity (TMGI) is used for group notification purpose. TMGI is determined locally in the RAN and in the UE. Details of how the TMGI is determined are FFS, subject to RAN groups inputs.
The Group notification identifier (TMGI) is use on the Paging channel:

· the TMGI has to be known by the RAN and by all the interested UEs. 
· the TMGI is limited in size to be adapted to RAN Paging channel constraints.
· The TMGI does not need to uniquely identify a service i.e. some services could get the same TMGI value. But allocation of the TMGI should be done so that number of cases with TMGI collisions is very small.
· The UEs that ‘wake up’ in error will quickly detect this when they read the notification channel and discover the unique Service Identity. This is FFS in RAN.
· The TMGI allocation mechanism is based on both the RAN and UE calculating a hash of the unique Service Identifier (IP Multicast address+APN for MBMS services). Details are FFS in RAN. 

· The field over which the hash is to be calculated is FFS. It must include the unique identifier for the service so that both UE and RAN generate the same TMGI
-------------------------------------- Next changes ----------------------------------

8.4
MBMS Bearer Request Procedure

The MBMS Bearer Request is the procedure by which a downstream node informs an upstream node that it would like to receive a particular MBMS bearer in order to distribute it further downstream. This procedure builds up a distribution tree for the delivery of MBMS data from the BM-SC to the UEs interested in the service. This procedure results in the set-up of a corresponding MBMS Bearer Context in the nodes along the distribution tree, but it does not result in the establishment of user plane resources unless the transmission has already started.

The MBMS Bearer Request procedure is initiated:

· When the first MBMS UE Context for a particular MBMS service is created in the SGSN or GGSN (see subclause “MBMS UE Context”);

· When a request for a particular bearer is received from a downstream node but the corresponding MBMS Bearer Context is not established in the node; or

· When an RNC detects it is responsible for the distribution of MBMS data (see subclause “RAN Resource Setup).

NOTE:
The terms ‘downstream’ and ‘upstream’ refer to the topological position of one node with respect to another and relative to the direction of the MBMS data flow, i.e. from BM-SC to UE.
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Figure 1: MBMS Bearer Request procedure

1.
When the MBMS Service Context is established in the RAN and as UEs in PMM-CONNECTED mode move from an area currently receiving the MBMS data to an area not receiving it, the RNC responsible for the MBMS data distribution requests the establishment of the MBMS bearer to its parent SGSN if not already done (see subclause “RAN Resource Setup”). How the RNC determines its parent SGSN is a matter of implementation.

2.
Upon reception of an MBMS Bearer Establishment Request from an RNC requesting an MBMS bearer for which the SGSN has no corresponding MBMS Bearer Context, or when the first MBMS UE Context for a particular MBMS service is created in the SGSN, the SGSN sends an MBMS Bearer Request (IP multicast address, APN, TEID) message to the GGSN. How the SGSN selects a GGSN is a matter of implementation; it may for instance be based on prior signalling related to a particular UE or via APN resolution. The SGSN allocates a TEID that the GGSN shall use to forward MBMS data to the SGSN in case the transmission has already started (the TEID will be released in step 5 if this is not the case).


If the SGSN already has an MBMS Bearer Context for the MBMS bearer requested, the SGSN jumps directly to step 6, i.e. it responds directly to the RNC with an MBMS Bearer Establishment Response message.

3.
Upon reception of an MBMS Bearer Request from an SGSN requesting an MBMS bearer that is not already established in the GGSN, or when the first MBMS UE Context for a particular MBMS service is created in the GGSN, the GGSN sends a Bearer Request (IP multicast address, APN) message to the BM-SC. The exact nature of the signalling between GGSN and BM-SC is however FFS in general.


If the GGSN already has an MBMS Bearer Context for the MBMS bearer requested, the GGSN jumps directly to step 5, i.e. it responds directly to the SGSN with an MBMS Bearer Response message.

4.
Upon reception of a Bearer Request from a GGSN, the BM-SC adds the identifier of the GGSN to the “list of downstream nodes” parameter in its MBMS Bearer Context and responds with a Bearer Response (IP multicast address, APN, Session Attributes, State) message. The Session Attributes are the QoS required for the bearer and the Multicast Area (other attributes such as tracking/non-tracking are FFS). The exact nature of the signalling between GGSN and BM-SC is however FFS is general.


The GGSN creates an MBMS Bearer Context where it stores the information it has received about the MBMS bearer.

5.
After creating the MBMS Bearer Context or if it was already available, the GGSN responds to the MBMS Bearer Request received from the SGSN in step 2 with an MBMS Bearer Response (IP multicast address, APN, Session Attributes, State) message and adds the identifier of the SGSN to the “list of downstream nodes” parameter in its MBMS Bearer Context.

-------------------------------------- End of changes ----------------------------------

6. Conclusion

It is proposed:

· To agree on generic notification principles described in section 1.1

· To agree the RAN and UE should be the entities generating the group notification identifier (TMGI). The format, length and generation algorithm for this identifier should be defined in the RAN groups.

· To agree the Group Notification mechanism in the manner described above and to use this for MBMS Notification. The details should be specified by the RAN groups.

· It is also proposed to update the TS with changes proposed in above section 4.
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 6. MBMS Bearer Establishment Response
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