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1. Introduction
The purpose of this contribution is to present Early and Late linking schemas and analyse differences between them.

2. Discussion 
2.1 ‘Early’ Linking schema

The picture below describes the Early Linking schema
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Figure 1. The Early Linking schema

a) Iur Link is created when the Iu Link is created and UE is under the DRNC. This may happen during the whole service availability

b) Session Stop doesn’t affect linkings. SRNC and DRNC have to maintain the links between the session.

2.2  ‘Late’ Linking schema

The picture below describes the Late Linking schema
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Figure 2. The Late Linking schema
a) Session Start is the trigger for the Iur linking

b) Session Stop is used to delete Iur links automatically from DRNC, which means that there is no need to De-Link in session stop and maintain links between the session

2.3 Common to Early and Late Linking schemas

The functionality of CN De-Registration is the same in Early and Late Linking schemas
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Figure 3. CN De-Registration 

When the D/SRNC receives the CN De-Registration, it will remove all the links from the MBMS Service context. There is no need for Iu/Iur De-Linkings.

2.4 Analysis of the Early and Late linking schema

Message aspects
The number of messages transmitted in Iur interface is higher in Early approach, because Linking messages are transmitted UE by UE basis and Links are maintained during the whole service availability. Also the De-Linking is required.
It is also possible in Early approach that SRNC waits for some time and includes many UEs in one Linking message. With that kind of approach the message amount can be decreased.

In the Late linking, the size of the message is dependant on the UE amount under the DRNC. The size of RNTI and Cell-ID is 16bits, which means that every UE requires 32 bits of information to be transmitted in session start. For example, if at session start there is 10 UEs, this means that UE Link message will be 320 bits which is 40 bytes.
Memory aspects
Early approach requires memory during the whole service availability and Late approach only during the session. So with the Early approach memory will be used continuously and it is more difficult to optimise memory usage, because Service Availability will more likely overlap many services and in this way multiple services consumes memory at the same time. With the Late approach, it is easier to optimise memory usage by providing MBMS Service Sessions sequentially. 

During the session required memory is equal.

In Late approach, the DRNC can free Iur links from it’s memory when it receives the Session Stop. So DRNC can do that automatically and there is no need for any new messages or no need to send De-linkings via Iur to free the memory.

To simplify the memory calculation, we assume N UE is in RRC connected mode at session start and each UE has activated M services.

Table 1: memory consumption comparison for early Iur linking and late Iur linking

	Memory consumption
	SRNC
	DRNC
	Total

	Late Iur linking
	N*M UE IDs
	N UE IDs
	N*(M+1) UE IDs

	Early Iur linking
	N*M UE IDs
	N*M UE IDs
	N*(M+M) UE IDs


In general, M is much bigger than 1. Therefore from the RNC dimensioning point of view, late Iur linking save more memory than early Iur linking.
Processing load aspects

In Early Linking, DRNC has to check every mobility related message whether MBMS specific IE is included into the existing message. This has to done always, even service is not available and session is not ongoing and also taking into account the Rel99 UEs. In Late Linking, MBMS specific IEs are checked only when the session is ongoing.

So, Early Linking requires continuous light processing, while Late Linking only during the session. One deficit for the Late Linking is the session start phase, where one message containing UE list has to be transmitted. When the DRNC receives this list, it has to store the information and sort it cell by cell basis to enable the ptp/ptm selection (note also that it is possible to send Iur linking message also structured as cell by cell basis and in that case DRNC can just copy information to MBMS Service context). But what has to be noted, is that DRNC doesn’t need to handle all the information at once. Only so, that is has enough UEs per cell to make a ptp/ptm selection. After that decision, DRNC can continue to process the rest of the List. 
In Late Linking, the SRNC can minimise the size of the list, because it is known that for example 5 UEs per cell is enough to justify ptm, and it is not useful include more UEs per cell in the list. 

Also when Iu linking and Iur linking are compared, it can be assumed that UEs under DRNC (to be linked by Iur) should represent a smaller figure compared to the UE under SRNC. 

And finally when considering the processing load it is very unlikely that session start of different MBMS services will happen simultaneously and Iur linking processing is made one service at a time.

Applicable scenarios

For late Iur linking, the common mechanism can be used for all UEs (CELL_DCH, CELL_FACH, CELL_PCH, (URA_PCH)).

For early Iur linking, separate mechanisms have to be applied based on UEs’ states. 

Implementation aspects
The UE in Cell_DCH state may have multiple RLs because of parallel CS/PS call. In this case, the SRNC can have different principle.

1) Iur linking can be done for all cells, which belong active set, even though the UE cannot receive MBMS data through all cells.

2) Iur linking is done for only cell, through which the UE receive MBMS data.

If we accept early Iur Linking, the SRNC’s operation is mandated to follow first principle. The SRNC should attach all cells and flexibility of RNC’s implementation is limited. As a consequence, the counting result is not accurate i.e. always much more the real number of UEs in the cell.

If we accept late Iur Linking, the good implementation can follow the second principle.
UE Linking to RNC outside MBMS Service Area

Some information is only available after session start.  For example, the RNC can have MBMS Service Area information after Session Start procedure. If we allow early Iur Linking, the SRNC cannot prevent to attach to DRNC which is outside MBMS Service Area. The early linking to DRNC outside MBMS Service Area is useless effort. This is big difference compared to Iu linking. Even though SRNC is outside MBMS Service Area, the Iu linking is necessary for the case that UE is located in the cell belongs to DRNC within MBMS Service Area.

If we allow late Iur Linking, the unnecessary Iur linking to DRNC outside MBMS Service Area can be forbidden.
3. Conclusion

Table 2 summarizes the comparison between Early Iur Linking and Late Iur Linking.

Table 2: Comparison Table
	
	Early Iur Linking
	Late Iur Linking

	1) Processing load before session start [1]
	-

It is highly unlikely that a UE will continue to stay in a DRNS for a long time. Iur mobility can create unnecessary processing load( Attach and Detach)
	+

	2) Applicable scenarios 
	-

Separate mechanism
	+

Common mechanism for UEs in different RRC states.

	3) Delay
	+
	-

	4) Memory Requirement before session start
	-
	+

	5) Detach at session stop
	-

Iur link will remain
	+

No additional processing/signalling load for detach. Session Stop in CRNC/DRNC can be used to delete all the UE links received via Iur.

	6) RNC implementation flexibility
	-

The SRNC should attach the cell whenever UE moves into, because the SRNC cannot decide whether to attach UE before a session start
	+

The SRNC can decide whether to attach UE to the DRNC or not based on the information only available during a session

	7) Attach to RNC outside MBMS Service Area
	-

Cannot prevent to attach RNC outside MBMS Service Area.
	+




The conclusion is that RAN3 should go for the late Iur linking and agree the following changes in the RAN2 TS25.346

5.1
MBMS UTRAN Architecture Principles

5.1.1
MBMS Service Context in CRNC

Each RNC-which is controlling cell within an MBMS Multicast area maintains an MBMS Service Context for each MBMS service.

1 Each CRNC MBMS Service Context is associated with an MBMS service ID.

2 The CRNC MBMS Service Context contains a list of connected mode UEs which are present in each cell of the CRNC and which have activated an MBMS service. The list includes at least the U-RNTI of the UEs.

NOTE: The MBMS Service Context in the CRNC contains no information about Idle mode UEs.

3 The MBMS Service Context is created in the CRNC either

· if the SGSN informs the RNC that a UE has activated the MBMS Service in a cell controlled by the CRNC by the UE Linking procedure. In this case, the CRNC is the SRNC of the UE,
· or if the RNC is notified of an MBMS Session Start,
· or if the RNC serves as a Drift RNC for a PMM-Connected UE and receives from a SRNC a UE Link containing the Service Id of the concerned MBMS Service. This shall be performed during an MBMS Session.

· Other cases are FFS.
4 The MBMS Service Context is released by the CRNC either

· if the MBMS Service Context does not contain any UE information after a UE Unlinking procedure from a SGSN and there is no active MBMS Session for the concerned MBMS Service,
· or if the MBMS Service Context does not contain any UE Link at the time of a Session Stop
· or if the RNC receives a CN initiated MBMS Deregistration Request (FFS).
· Other cases are FFS.

5 Associated functionalities:

5.1 Bearer type selection for MBMS transmissions based on information in the CRNC MBMS Service Context. The decision process requires inter-working with Radio Resource Management and with the UE's SRNC in the case of p-t-p bearers.
5.2 MBMS RB control for p-t-m bearers in each cell, based on information in the CRNC MBMS Service Context.

5.3 Update of the MBMS Service Context when a PMM-connected UE, which has activated an MBMS Service, has entered a cell. Update of the MBMS Service Context via Iur can be done by MBMS Attach procedure.
5.4 Update of the MBMS Service Context when a PMM-connected UE, which has activated an MBMS Service, has left a cell. Update of the MBMS Service Context via Iur can be done by MBMS Detach procedure. The update of the MBMS Service Context via the Iur interface can be done during an MBMS Session.

Unchanged parts removed
5.1.7
UE Linking

UE Linking denotes the process where a UE is linked to an MBMS service context in the SRNC.

MBMS UE linking procedure is performed in following cases.
1. When the UE is moved to PMM CONNECTED and sets up a PS RAB This may happen at any point in time during the whole service availability (i.e. before, during and between Sessions).
2. When the UE joins the service and is in PMM CONNECTED due to an existing PS RAB. This may happen at any point in time during the whole service availability (i.e. before, during and between Sessions). 

3. When the UE is moved to PMM CONNECTED only for MBMS purpose, e.g. to response counting/recounting indication or response ptp bearer indication from RNC. This may happen at any point in time during MBMS sessions.

Keeping UEs in PMM CONNECTED only for MBMS between sessions is implementation specific. The UE linking is performed via UE dedicated Iu procedures. An entry for the UE is added to the MBMS service context in the SRNC. If the MBMS service context doesn’t exist yet it needs to be created. 

In case the UE consumes radio resources from a drift RNC, the UE Linking needs to be performed via Iur. The UE Linking via Iur is performed when the an MBMS session is ongoing
NOTE: The MBMS Attach/Detach procedure provides the UE Linking/Unlinking functionality via Iur.

NOTE: An additional function needs to be provided to unlink a UE from an MBMS service context via Iu.
Unchanged parts removed
3.1.1 8.2.9
MBMS Attach/Detach over Iur
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Figure 1: MBMS attach request signalling flow: Successful Operation.

This signalling flow is only applicable for handling MBMS UEs in PMM-CONNECTED mode.

The purpose of this signalling flow is to allow the CRNC to add a new UE to the total number of UEs in a given cell using a MBMS service. The signalling flow is initiated when an UE with an ongoing MBMS service enters in a new cell controlled by the CRNC. The MBMS ATTACH REQUEST contains the Cell Id of the new cell, the MBMS Service Id, the U-RNTI of the UE [FFS].

The purpose of this signalling flow is also to allow the CRNC to add UEs to the total number of UEs in a given cell using a MBMS service at session start. The signalling flow is initiated when a new MBMS session starts and the UEs which have activated the MBMS service are consuming resources from a drift RNC. The MBMS ATTACH REQUEST contains the MBMS Service ID, the Cell Ids of the cells, the U-RNTI of the UEs.
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Figure 2: MBMS detach request signalling flow: Successful Operation.

This signalling flow is only applicable for handling MBMS UEs in PMM-CONNECTED mode.

The purpose of this signalling flow is to allow the CRNC to decrease the total number of UEs receiving an MBMS service in a given cell. The signalling flow is initiated when a UE with an ongoing MBMS service leaves a cell controlled by the CRNC. The MBMS DETACH REQUEST contains the Cell Id of the old cell, the MBMS Service Id, the U-RNTI of the UE [FFS].
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