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1.
Introduction

Up to now in the development of the MBMS architecture, SA2 has tried to avoid making assumptions regarding RAN aspects, for which RAN groups have the main competence. On the other hand, RAN groups focus on RAN aspects and are mostly oblivious of the core network aspects, which are not in their scope.

It is however clear, as has been identified in recent discussions in SA2, that some procedures have impacts on both RAN and CN procedures, and must then be considered in a wider perspective than just the RAN or just the CN point of view.

SA2 has the main responsibility for the overall 3GPP architecture and thus is the legitimate group to make decisions on architectural aspects that span multiple subsystems after due consideration and analysis of all implications of possible solutions.

This contribution attempts to provide this wider perspective by showing end-to-end procedures involving CN and RAN nodes. Two main alternative proposals have been considered in SA2 in the past and are both described and compared in this contribution. A proposed way forward is then formulated as conclusion.

Note: 
This contribution focuses on the Iu mode, as the problem addressed by this contribution is primarily applicable in the presence of Iu and Iur interfaces.

2.
Discussion

There is still significant uncertainty as to the exact procedures and messages that will be defined in the RAN, however some fair assumptions can be made according to the ongoing work in RAN groups. This means that though the exact names and procedures shown in this document for the RAN part are often “best guesses”, the general principles should be sufficiently stable to allow a constructive discussion.

Two main approaches have been considered in SA2 in the past regarding the procedural interactions between RAN and CN at multicast service activation (Joining phase) and at Session Start.

Alternative A, which relies on the systematic registration of the DRNC towards its default SGSN (for RRC-Connected UEs) and on the transfer of service attributes over Iu.

Alternative B, which relies on the transfer of session attributes over Iur, followed by a request for the bearer plane by the DRNC to its default SGSN (for RRC-Connected UEs) only when the DRNC is responsible for the MBMS data distribution (ptm case).

These two alternatives are described in the following sections, using generic names for the RAN messages/procedures that are still undecided in RAN groups.

It is important to note that the fundamental difference between these two alternatives appears when UEs in RRC-Connected mode are connected to a DRNC which is different from their SRNC. Therefore in the following signalling flows the SRNC and the DRNC are clearly shown as separate entities and the comments/descriptions are clearly focusing on this case. Details about the behaviour of the SRNC or DRNC regarding UEs that are directly under their own coverage area (i.e. for which they are CRNCs) are voluntarily avoided, as there shouldn’t be any difference between the two alternatives with this respect.

2.1
MBMS Multicast Service Activation

The MBMS Multicast Service Activation procedure is described in section 8.2 of TS 23.246 and is illustrated below. This procedure corresponds to the joining phase.
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Figure 1: MBMS Multicast Service Activation procedure

This procedure is described in 23.246, but an important point to be noted for the purpose of this discussion is that a UE is necessarily in PMM-Connected state when it joins a multicast service since it needs to have a RAB and PDP context active in order to send the IGMP/MLD Join request. For the RNC and the SGSN, the IGMP/MLD Join request is just a user-plane IP packet like any other. For this same reason, the UE will also remain in PMM-Connected state for some time after sending the Join request (until some activity timer expires).

The matter of interest for this contribution is what happens in step 13, which is currently FFS. It is also FFS whether this step will at all be retained in the final architecture. Let’s see what this step would look like with each alternative considered in this contribution.

2.1.1 
Provision of MBMS UE Context to RAN at Joining - Alternative A

The following figure expands step 13 from Figure 1 into an actual message flow. As said above, to better understand the differences between the two alternatives, the SRNC and DRNC are clearly shown as separate entities and in addition a “default SGSN” is shown, which corresponds to the default SGSN configured in the DRNC and which can in general be different from the SGSN the UE is attached to.
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Figure 2: Provision of MBMS UE Context to RAN at Joining - Alternative A

1.
Upon receiving a Create MBMS Context Response from the GGSN, the SGSN informs the SRNC about the MBMS service the user is joining by sending an MBMS UE linking Request containing the Service ID (among others).

2.
The SRNC adds the UE to the MBMS Service Context and sends an MBMS Attach Request (U-RNTI, Service ID, …) to the DRNC.

3.
The DRNC adds the UE to the total number of UEs interested in the service in the corresponding cell and confirms the successful linking of the UE to the MBMS service by returning an MBMS Attach Response to the SRNC.

4.
The SRNC confirms the successful UE linking to the SGSN with an MBMS UE Linking Response message. The SGSN then sends the Activate MBMS Context Accept to the UE (step 14).

5-8.
If this is the first UE to be linked to the service in the DRNC, the DRNC registers towards its default SGSN in order to be included in the distribution tree for this MBMS service and to be notified of the start of the session (which carries the session attributes). The MBMS Registration Request may trigger an MBMS Bearer Context Request procedure in the core network if necessary (i.e. if the SGSN and/or GGSN do not have the corresponding MBMS Bearer Context already established due to other users).

This procedure will repeat each time a UE that has joined a service but went to RRC-Idle sate (due to user inactivity) returns to RRC-Connected state because of other CS or PS services, even if the MBMS session has not started.

Subsequent moves of the RRC-Connected UE from one DRNC to another, may lead to the old DRNC deregistering from its default SGSN and/or the new DRNC registering towards its default SGSN, possibly accompanied by an MBMS Bearer Context Release and/or Request procedure in the core network. Of course the occurrence of this “maintenance” signalling depends on the density and number of users interested in the same service throughout the PLMN and on their level of activity (i.e. percentage of UEs in RRC-Connected state at any given time).

2.1.2 
Provision of MBMS UE Context to RAN at Joining - Alternative B
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Figure 3: Provision of MBMS UE Context to RAN at Joining - Alternative B

1-4.
Same as alternative A

The main difference compared to alternative A is that the DRNC does not perform any registration towards the SGSN and therefore does not need to manage registrations and deregistrations as UEs move between DRNCs or between RRC-Connected and RRC-Idle states.

2.1.3 
Analysis

SA2 has not yet agreed whether to provide any UE linking information to the RAN at joining, however the intention is to take advantage of the standard GPRS mobility handling of UEs in RRC-Connected state to spread over time the load of informing the RAN about the MBMS services that a UE is interested in, rather than having a burst of signalling at the start of the session. This can be debated of course, but what these signalling flows show is that with alternative A, it is required to do the linking in the RAN when the UE joins a service (since the UE must be in RRC-Connected state in order to send the IGMP/MLD Join request). With alternative B, the linking at joining can be optional and can be seen as an optimisation for some service scenarios (e.g. for services with frequent transmissions).

But the most critical aspect is that alternative A requires an additional procedure, the registration procedure, hence requiring more standardisation, implementation and interoperability testing effort. Also the mobility of UEs in connected mode, as well as their activity in relation to other non-MBMS services, will lead to repeated registration/deregistration procedures as UEs enter and leave DRNCs or move between RRC-Connected and RRC-Idle states, and this while the transmission has not even started (i.e. between Join and Session Start or between Session Stop and Session Start). Note that this signalling can potentially spill through the core network, as the SGSN may not have the MBMS Bearer Context requested by the RNC. Of course this clearly depends on the scenarios considered, however it is likely that scenarios where users are very mobile and geographically spread will result in significant signalling load over Iu. One example would be a service such as traffic information, where users are likely to be driving their car on the motorway (fast if in Germany () while being connected to the service. Also in case of long-lived MBMS services with long idle periods between transmissions, UEs will experience numerous changes of state due to other non-MBMS services during the idles periods.

With alternative B, the signalling load on Iu (and in the core network) is obviously kept to a strict minimum in all possible scenarios.

2.2 MBMS Session Start

In this section, in order to focus on the issues related to handling of RRC-Connected UEs and to simplify the figures, we do not show the details of the signalling related to the SRNC in its role of CRNC (i.e. for UEs located in the area controlled by the SRNC). There is no difference between the two alternatives as to the SRNC in its role of CRNC.

To help the reader identifying the differences between both alternatives, the main differences are shown in italic in the description of the figures.

2.2.1 
MBMS  Session Start - Alternative A
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Figure 4: MBMS Session Start - Alternative A

1-3.
When the session starts, the MBMS Session Start message is propagated down the registration tree to all SGSNs that have previously requested the corresponding MBMS Bearer. The SGSN then sends an MBMS Session Start Indication to all RNCs hosting interested UEs (i.e. RNCs that have registered to receive the service or to RNCs of last know RA for RRC-Idle UEs). The MBMS Session Start Indication carries the Service ID and Service Attributes (Area, QoS, …).


In this alternative, both the SRNC and the DRNC receive an MBMS Session Start Indication from potentially different SGSNs when the UE is in RRC-Connected state. This is reflected by the steps 3 and 3b.

4.
The details of the actions performed by the SRNC in its role of CRNC are not shown as they are not relevant for the matter discussed in this paper. The same actions will be performed in either alternative.

5.
The DRNC, based on the number of UEs present in the cells that it controls and that are interested in the MBMS session that is starting, decides whether to transmit the data over point-to-point or point-to-multipoint resources. If the DRNC decides to go for point-to-multipoint in some cells, it sends an MBMS PTM Transmission Initiation message to all affected SRNCs. This message tells the SRNC that it shall not send the MBMS data to the Connected mode UEs currently located in the cells reported by the DRNC over a regular point-to-point connection.

6.
If the DRNC decided to go for point-to-multipoint transmission in at least one cell or if it is itself SRNC for some UEs requiring point-to-point transmission, the DRNC initiates an MBMS Bearer Establishment Request procedure towards its default SGSN to request the bearer plane establishment. The DRNC will then establish the necessary radio resources and distribute the MBMS data that it receives from the SGSN.

7
 If after some timeout the SRNC has not received an MBMS PTM Transmission Initiation message from the DRNC, it assumes that point-to-point transmission is required and will distribute the MBMS data to the RRC-Connected UEs over a regular point-to-point connection. To this effect, the SRNC initiates an MBMS Bearer Establishment Request procedure towards its default SGSN if not already done for other UEs under another CRNC (possibly itself).

There are different options as to when and how the SRNC would determine that it needs to establish a point-to-point bearer to distribute the MBMS data to a particular UE connected to a Drift RNC. The option described above seems to be the option considered by RAN groups (see TS 25.346). Other options could be as follows:

· The DRNC could send a message to the SRNC that explicitly tells on which cells PTP or PTM was selected instead of only sending a message reporting cells where PTM was selected.

· Relying on a timeout in the DRNC may lead to undesirable delays in the reception of data by the UE, therefore one could be tempted to let the SRNC start immediately establishing a point-to-point bearer and later move the UE to a point-to-multipoint channel if the DRNC finally sends the MBMS PTM Transmission Initiation message. However, this would result in point-to-point resources being unnecessarily established and released shortly after, as well as an increase in signalling towards the UE.

2.2.2 
MBMS  Session Start - Alternative B
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Figure 5: MBMS Session Start - Alternative B

1-3.
When the session starts, the MBMS Session Start message is propagated down the registration tree to all SGSNs that have previously requested the corresponding MBMS Bearer. The SGSN then sends an MBMS Session Start Indication to all RNCs hosting interested UEs (i.e. to SRNCs serving RRC-Connected UEs or RNCs of last known RA for RRC-Idle UEs). The MBMS Session Start Indication carries the Service ID and Service Attributes (Area, QoS, …).


In this alternative, only the SRNC receives an MBMS Session Start Indication when the UE is in RRC-Connected state. A DRNC never registers to its default SGSN before Session Start.

4.
The details of the actions performed by the SRNC in its role of CRNC are not shown as they are not relevant for the matter discussed in this paper. The same actions will be performed in either alternative.

5.
The SRNC sends an MBMS Transmission Start message to the DRNC controlling the radio resources assigned to the RRC-Connected mode UEs. This message carries the Service ID and Service Attributes (Area, QoS, …). The DRNC, based on the number of UEs present in the cells that it controls and that are interested in the MBMS session that is starting, decides whether to transmit the data over point-to-point or point-to-multipoint resources and sends an MBMS Transmission Start Acknowledgement message to the SRNC informing it about the decision. This message tells the SRNC whether it shall send the MBMS data to the Connected mode UEs currently located in the cells controlled by the DRNC over a regular point-to-point connection or not.

6.
If the DRNC decided to go for point-to-point in some cells, the SRNC initiates an MBMS Bearer Establishment Request procedure towards the SGSN to request the bearer plane establishment if not already done for other UEs under another CRNC (possibly itself). The SRNC will then distribute the MBMS data to the affected RRC-Connected UEs over a regular point-to-point connection.

7.
If the DRNC decided to go for point-to-multipoint transmission in at least one cell or if it is itself SRNC for some UEs requiring point-to-point transmission, the DRNC initiates an MBMS Bearer Establishment Request procedure towards its default SGSN to request the bearer plane establishment. The DRNC will then establish the necessary radio resources and distribute the MBMS data that it receives from the SGSN.

7b.
The MBMS Bearer Establishment Request may trigger an MBMS Bearer Context Request procedure in the core network if necessary (i.e. if the SGSN and/or GGSN do not have the corresponding MBMS Bearer Context already established due to other users).

2.1.3 
Analysis

This procedure shows the main point of divergence (or the main cause for it) between the two alternatives. In alternative A, in presence of RRC-Connected UEs controlled by a DRNC, the Session Start message containing the session attributes (QoS, Multicast Area, …) is directly received by the DRNC over the Iu interface. In alternative B, the Session Start message is received by the SRNC (for RRC-Connected UES) or the CRNC (for RRC-Idle UEs), but never directly by the DRNC; instead, the session start indication and session attributes are forwarded by the SRNC to the DRNC over the Iur interface.

Considering that one DRNC may be connected to multiple SRNCs and that it may itself be an SRNC for other UEs, the main drawback of alternative B is that a DRNC may potentially receive the MBMS Transmission Start message from multiple sources, all containing the same session attributes (note that the message will be transferred only once per SRNC-DRNC couple and not for each UE). This is what alternative A is meant to avoid, by providing the MBMS Session Start Indication and session attributes to the DRNC directly over Iu.

Signalling over the Iur interface is anyway required to handle RRC-Connected UEs, in particular when PTP is selected, hence the number of signalling messages should be fairly equal in both alternatives; the main difference is whether to transfer the session attributes over Iur or not. Therefore, what is the cost of receiving multiple copies of the session attributes at the DRNC?

The session attributes are (likely):

· The Service ID (which should be the TMGI or whatever identifier that is used for paging as well), which should be 4-octet large ideally (i.e. same size as TMSI), but the Service ID needs to be transferred over Iur whatever the alternative chosen,

· The QoS, which would be 9-octet big if we take the full UMTS QoS, but since not all parameters are relevant for MBMS it could be reduced to 4 or 5 octets,

· The Multicast Area, which is still FFS but should be a logical identifier, or list thereof, as opposed to a list of cells (it has to be provided by the BM-SC which doesn’t know about cells), so a couple of octets per “Multicast Area Code” should be sufficient,

· Some state information and a few flags that should fit in a couple of octets,

As a rough estimation, the session attributes would therefore represent at most about 20-30 octets of information to be carried over Iur between each SRNC-DRNC pair. Even 100 copies of the same message (extreme number) would consequently represent only a few kBytes of signalling, and at the start of a session only. The algorithm in the DRNC for handling multiple copies should be quite straightforward since all copies should be identical.

3.
Conclusion

This analysis shows that the main difference between the two approaches is that alternative A puts more load on the Iu interface (and to a limited extent in the core network), while alternative B puts more load on the Iur interface.  It seems therefore to be a question of taste and company’s preferences as to where to save the more signalling load. However, the additional load with alternative B consists in a few dozens octets added to what is otherwise a similar amount of signalling messages over Iur as in alternative A; what mainly affects the load on an interface is the number of messages more than their size (within reasonable limits), when considering the overhead introduced by the link layer.

On the other hand, alternative A requires the standardisation and implementation of an additional procedure, i.e. the registration procedure or the bearer establishment procedure (alternative B does both actions in one procedure).

Also alternative B appears to be more straightforward and more in line with existing RAN principles since the hierarchy of SRNC and DRNC is better preserved, i.e. the SRNC is the central point of control in the RAN. In alternative A, the relation between SRNC and DRNC is much looser, which raises some synchronisation issues that need to be carefully considered (one such issue is identified in section 2.2.1 above).

In Ericsson’s view, alternative B offers a better trade-off between overall complexity and signalling load and therefore would like to recommend SA2 to endorse such approach. Alternative B is also more in line with the procedures agreed by SA2 and already introduced in TS 23.246.
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