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1. Introduction

RAN3 has not yet reached an official recommendation nor decided upon the “evolved” HSPA Architecture options, but of the three additional options that go beyond the orthodox R99 Architecture, it has been agreed at RAN#35 that companies should concentrate their efforts on studying further the “flat” architecture – Alternative 2 - where RNC PS functions are placed in the NodeB .  
The analyses for Alternative 2 so far have looked at the handling of CS Services in an Iu-PS only implementation in both a dedicated and shared carrier scenario. It is expected that in addition to the handling of CS services – i.e. the interworking of CS services to “legacy” RNCs – additional services will have to be considered here as well. Vodafone believes that one such service is that of MBMS (and there may be others).
This paper opens the discussion on the handling of MBMS in any eHSPA Architecture 2 deployment with Iu PS only. 
The points described below resemble some aspects of the evolving LTE MBMS but fundamentally the approach described is such that the legacy RNC manages the aspects relating to MBMS control (in the AN) 

2. Suitability of Architecture 2, Iu PS only, and MBMS
As is defined in Release 6, the MBMS control and user plane scheduling (MAC-m) is performed by the Controlling RNC. However in the case that the Controlling RNC is collapsed into the Node B as in Architecture 2, Iu PS only, there are some points with respect to MBMS that may be problematic for the operator wishing to implement MBMS.  
The identified issues are listed below:

· MBMS user plane: The establishment of MBMS Iu User Plane to many more “RNCs” now residing in eHSPA NodeBs will increase load on the transport links that handle the legacy Iu interface.
· Vodafone would like to understand if there is a possible solution that allows architecture 2 user plane principles to be re-used for MBMS (i.e. user plane not needing to route through a legacy RNC). 
· MBMS control plane: Co-ordination of soft combining on an “inter”-NodeB level seems only be possible if MTCH configuration and scheduling is configured in a static fashion (i.e. always PTM) across all Node Bs, bearing in mind that neighbour cell soft combining information needs to be provided on each cell’s MCCH. Otherwise only “intra”-Node B soft combining can be achieved.
· Vodafone would like to understand if there is a possible solution that allows Architecture 2 control plane for PS unicast calls, whilst still allowing MBMS control plane non-static soft combining to be handled between Node Bs in a sense that PTM can be turned on and off in cells (pending user interest), and MCCH configuration can be updated in neighbouring Node Bs in a co-ordinated fashion.
The aim of the section 3 below is to look at the possible solutions that could solve the issues.
3. Potential solutions
3.1 Perform immediate SRNS Relocation 
The obvious solution to MBMS user/control plane-related problems caused by collapsing the Controlling RNC in the Node B is to NOT collapse it in the Node B and maintain a legacy CRNC above the eHSPA Node Bs. The minimal impact way of handling eHSPA users whose SRNS is handled by the eHSPA Node B would be to trigger SRNS Relocation when they indicate an interest in the service that is broadcast on MCCH. This would prevent any MBMS-related changes to the signalling between legacy CRNC and the SRNC-part of the eHSPA Node B, and it could allow that the Iu user plane is only established towards the legacy RNC.
This is possible but not considered practical because for event-driven MBMS services one could expect a large number of simultaneous SRNS Relocations for interested users at MBMS session start.

3.2 Solution not involving the use of SRNS Relocation
The following sub-sections look at solutions that do not involve the use of SRNS Relocation, and therefore as much as possible of the MBMS functionality remains in the eHSPA Node B. 

3.2.1 MBMS User Plane

Use of IP multicast

If we do not relocate the SRNS of the MBMS-interested UE to a legacy RNC, then probably the simplest way of handling the MBMS user plane, such that multiple transport links do not need to be established close to the originating GSN, is to enable the use of IP multicast for MBMS. This allows duplication of the transport resources only at the IP multicast router that is closest to UTRAN node terminating the IP multicast.

IP multicast stream termination in Node B

If the IP multicast were terminated at the Node B, this would allow that the MBMS user plane is only duplicated at the IP router that has direct connectivity with each eHSPA Node B. One issue with this is that the entry to the RAN of the MBMS data is now the Node B, and hence the co-ordinated scheduling of PTM user plane data between Node Bs for the purpose of “soft combining” is now not possible on a dynamic basis. 

The actual scheduling of MBMS data could be considered a control plane function (albeit a very dynamic one) and therefore this is discussed in more detail in the next section. 
IP multicast termination in legacy RNC

If it is found that there is no smart solution to allow common data scheduling and timing provisioning between Node Bs, then it might be needed to terminate the IP multicast data stream “when mapped to PTM radio bearers” in a legacy RNC and run any PTM user plane through the Iub Frame Protocol to the Node B as today. This would still solve the problems with Iu user plane duplication.
Both options are depicted in figure 1 below.
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Figure 1: User plane termination options

Addressing of the IP multicast
The SGSN is today providing the “transport bearer information to all RNCs today. From the SGSN point of view, the eHSPA Node B is also an RNC, hence it seems most reasonable that the SGSN provides the IP multicast address over RANAP. It would seem that this would require a small change to RANAP Session Start message to add an IP multicast address. The other benefit is that the MBMS RAB parameters will also be linked to this, so this should be enough to give the RNC (whether it is the RNC-part of the eHSPA Node B or not) full knowledge of the characteristics of the MBMS data stream received over IP multicast stream.
Whether a common IP multicast address is provided for both PTP and PTM data transfer, or whether separate addresses are provided for each, is probably dependent on how the IP multicast stream is probably for further investigation. 
3.2.2 MBMS Control Plane 
If we consider that the CRNC is now in the eHSPA Node B, the question is how to enable the following:

a) Serving cell knowledge of at least PTM OVSF code allocation on a per service basis in neighbour cells (possibly the L2 information for PTM could be hard coded in the Node B).
b) Scheduling control: such that data is scheduled in a common manner for services that need to be soft combined between Node Bs, but also to allow efficient MTCH channel configuration when some MBMS services are being handled by PTP, and hence not requiring MTCH resource at all.
3.2.2.1 Solution with re-use of legacy CRNC for “full” MBMS RRC

3.2.2.1.1 Functional split

One approach for handling this would be for with the following functional split detailed in figure 2.
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Figure 2: Possible full MBMS RRC functional split with eHSPA architecture 2
List of functions

· MBMS RRC: could be handled mostly by the legacy CRNC, but with some initial handling by the RNC-part of the eHSPA Node B
· MICH, MCCH, and partial (at least L1 code allocation) MTCH channel establishment handled by legacy CRNC (MCCH terminates here)
· MICH and MCCH user plane established and routed between legacy CRNC and eHSPA Node B

· PTM and PTP decisions handled by legacy CRNC
· Per-eHSPA Node B counting could be handled by the RNC-part of eHSPA Node B with a report sent to the legacy CRNC
· Scheduling for at least the services that are “soft combined” between Node Bs may need to be controlled by the legacy RNC.
· MBMS PDCP/RLC/MAC-m (at least for MTCH): could be in eHSPA Node B pending scheduling timing solution (assume that L2 radio bearer information can be hard-coded according to bearers in TS34.108) with following functions: 
· Header compression 

· RLC 

· Scheduling decisions – albeit that for services to be “soft combined” some scheduling information could be received from RRC in legacy CRNC 

· MSCH (if used) could be terminated by the eHSPA Node B directly assuming it has all of the needed scheduling information

· MBMS physical layer: terminating in the eHSPA Node B, as it does in the Node B today.

3.2.2.1.2 MBMS notification and channel establishment

Figure 3 shows a way of handling MBMS channel establishment for this solution, and there is further descriptive text below. For the purposes of showing how this architecture could connect with the CS service handling methods, in this example the Iur-connectivity method is used, as proposed by Huawei. However the same architecture could be used for Iub connectivity towards a legacy RNC, and also it can be used in the case where the both the RNC is fully collapsed (PS and CS) into the eHSPA Node B.
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Figure 3: Possible MBMS service establishment procedure with eHSPA architecture 2 and IP multicast termination directly in eHSPA Node B
1. As in the normal MBMS architecture, the SGSN sends a SESSION START to all RNCs that require it. However in this case, the SRNC is in the eHSPA Node B. In the SESSION START message there will be an IP multicast address. SESSION START RESPONSE messages should be returned by all RNCs/eHSPA Node Bs that receive the SESSION START message.

2. On receipt of SESSION START, the MBMS MODIFIED SERVICES INFORMATION message is sent on MCCH by the “legacy” CRNC, AND on sent on DCCH by the “SRNC-part” of the eHSPA Node Bs and “legacy-CS-handling” SRNCs for any CELL_DCH users that they have. 

3. The HSPA connected UEs interested in receiving the MBMS service will then respond to the eHSPA Node Bs, and CS-connected UEs will respond directly to the legacy SRNCs (obviously via the eHSPA Node B).

The “CRNC-part” of the eHSPA Node B will receive responses both from the “SRNC-part” of the eHSPA Node B, and from legacy SRNCs connected via Iur via MBMS ATTACH.

4. The “CRNC-part” of the eHSPA Node B will collect all of the responses and then compile a more optimal NBAP message in which it will inform the “legacy” CRNC of the number of its users that want to receive the service. 

5. The “legacy” CRNC will then decide whether PTM or PTP transmission should be used in each cell, and will indicate the decision to the eHSPA Node B, along with the MBMS PTM radio link configuration if PTM was selected for any cell in the eHSPA Node B. A message similar to the DIRECT INFORMATION TRANSFER over Iur may be used, or an MBMS Radio Link Setup message may be re-used. 

Note 1: It may be useful for the “legacy” CRNC to join the IP multicast service at this point (irrespective of whether PTM or PTP is chosen) such that it can acquire real-time information about the packets being used on the MBMS data stream during the MBMS session.

Note 2: IF the PTM user plane instead needs to be established via CRNC for PTM, then the eHSPA Node B would not need to join the IP multicast service when PTM channel-type is chosen, and rely on the fact that the legacy CRNC is providing the user plane directly. When PTP channel type is chosen, the eHSPA Node B would still join the IP multicast service.
6. On receipt of the indication from the “legacy” CRNC, the “CRNC-part” of the eHSPA Node B will inform the “legacy” SRNCs of the decision, by sending the RNSAP: DIRECT INFORMATION TRANSFER message over Iur as today. 
7.
The eHSPA Node Bs (and the legacy SRNCs if PTP was selected) will then will trigger user plane establishment, by requesting to join the IP multicast service - by contacting their nearest IP routers. 

8. The user plane transmission will then occur as today on either MTCH from “CRNC-part of eHSPA Node B if PTM, OR from DTCH from both “SRNC-part” of eHSPA Node B, and “legacy” SRNCs if PTP was chosen.

3.2.2.2 Solution with “partial” MBMS RRC in the legacy RNC

3.2.2.2.1 Functional split

One approach for handling this would be for with the following functional split detailed in figure 4.


[image: image4.emf]MCCH

UE

MBMS RRC (with PTM/

PTP decision)/RLC/

PDCP/MAC/PHY

eHSPA Node B

Legacy CRNC

2) Scheduling 

timing reference 

for soft combining 

(if needed)

1) Service-radio 

bearer mapping and 

soft combining ind. 

1) Channel type 

(if PTM)

3) N_cell 

combining list 

update

MBMS RRC (PTM 

OVSF code allocation 

per cell)

Legacy CRNC


Figure 4: Possible partial MBMS RRC functional split for eHSPA architecture 2

List of functions

· MBMS RRC: could be handled mostly by the “RNC-part” of the eHSPA Node B, but with some handling by the legacy RNC.

· MICH, MCCH, and MTCH channel establishment handled by eHSPA Node B (MCCH terminates here)

· PTM/PTP decisions and counting handled by RNC-part of eHSPA Node B and reported to legacy RNC.
· PTM radio bearer allocations of each cell decided by the legacy RNC and provided to eHSPA Node B, also including information about neighbour cells that need to be combined.
· Scheduling for at least the services that are “soft combined” between Node Bs may need to be controlled by the legacy CRNC towards Node B. 

· MBMS PDCP/RLC/MAC-m (at least for MTCH): could be in eHSPA Node B pending scheduling timing solution (assume that L2 radio bearer information can be hard-coded according to bearers in TS34.108) with following functions: 

· Header compression 

· RLC 

· Scheduling decisions – albeit that for services to be “soft combined” some scheduling information could be received from RRC in legacy CRNC 

· MSCH (if used) could be terminated by the eHSPA Node B directly assuming it has all of the needed scheduling information

· MBMS physical layer: terminating in the eHSPA Node B, as it does in the Node B today.

3.2.2.2.2 MBMS notification and channel establishment

Figure 5 shows a way of handling MBMS channel establishment for this solution, and there is further descriptive text below. Again this same architecture could be used for Iur or Iub connectivity towards a legacy RNC, and also it can be used in the case where the both the RNC is fully collapsed (PS and CS) into the eHSPA Node B.
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Figure 5: MBMS Notification and MTCH establishment procedure
1. As in the normal MBMS architecture, the SGSN sends a SESSION START to all RNCs that require it. However in this case, the SRNC is in the eHSPA Node B. In the SESSION START message there will be an IP multicast address. SESSION START RESPONSE messages should be returned by all RNCs/eHSPA Node Bs that receive the SESSION START message.

2. On receipt of SESSION START, the MBMS MODIFIED SERVICES INFORMATION message is sent on MCCH by the “CRNC-part” of the eHSPA Node B, AND on sent on DCCH by the “legacy-CS-handling” SRNCs for any CELL_DCH users that they have. 

3. The HSPA connected UEs interested in receiving the MBMS service will then respond to the eHSPA Node Bs, and CS-connected UEs will respond directly to the legacy SRNCs (obviously via the eHSPA Node B).

The “CRNC-part” of the eHSPA Node B will receive responses both from the “SRNC-part” of the eHSPA Node B and from legacy SRNCs connected via Iur via MBMS ATTACH.

4. The “CRNC-part” of the eHSPA Node B will collect all of the responses and then decide whether PTM or PTP transmission should be used in each cell, and will indicate the decision to the legacy CRNC.

5.
If a MBMS PTM radio link configuration was selected for any cell in the eHSPA Node B, the legacy CRNC will indicate the radio bearer information that shall be used by the service (assuming that the L2 configuration is co-ordinated statically in the Node B), as well as the OVSF code configuration that is used for this service in the surrounding neighbour cells. 

Note: It may be useful for the “legacy” CRNC to join the IP multicast service at this point (irrespective of whether PTM or PTP is chosen) such that it can acquire real-time information about the packets being used on the MBMS data stream during the MBMS session.

6. On receipt of the information from the “legacy” CRNC, the “CRNC-part” of the eHSPA Node B will inform the “legacy” SRNCs of the decision, by sending the RNSAP: DIRECT INFORMATION TRANSFER message over Iur as today. 

7.
The eHSPA Node Bs (and the legacy SRNCs if PTP was selected) will then will trigger user plane establishment, by requesting to join the IP multicast service - by contacting their nearest IP routers. 

8. The user plane transmission will then occur as today on either MTCH from “CRNC-part of eHSPA Node B if PTM, OR from DTCH from both “SRNC-part” of eHSPA Node B and “legacy” SRNCs if PTP was chosen.

4 Implementation impacts of different solutions
The following impacts are identified for the 2 different Control Plane solutions in section 3.2.2.
Solution with full MBMS RRC in legacy CRNC

· FACH co-ordination: It would be difficult to map the MCCH FACH onto the R99 FACH, because this would need co-ordination with the MAC-c in the eHSPA Node B. This would not be a problem for MTCH and MSCH as they are never mapped onto the R99 FACH.

· S-CCPCH co-ordination: May not be possible for the R99 FACH and MCCH FACH to be handled on the same S-CCPCH as this may cause problems with legacy UEs that have not been tested against such a transport format configuration.

· MTCH scheduling co-ordination and data frame timing: Some mechanism to do common timing co-ordination may be needed over Iub (may be possible however for some static timing relation that does not need real-time timing info.
· Co-ordination of OVSF codes: 

· MCCH: It is likely that the CRNC would need to know which OVSF codes are “available” when setting up MCCH. However with “enhanced broadcast”, the MCCH will always be transmitted. Hence it is likely that the code can be reserved in the eHSPA Node B. 
· MTCH/MSCH: Here it is likely that part of the OVSF code tree will need to be prioritised for use by MTCH, such that soft combining can be co-ordinated. 

[NOTE: However of course if soft combining is not required, then these codes can be allocated to other users, unlike in solutions where the serving Node B does not know if soft combining is being used or not in neighbour Node Bs, and thus either it must always be used or never used.]
· Connectivity via Iub interface

· Iub-lite interface: It is correct that in the case of existing Iur/Iu connectivity from eHSPA Node B, there would be an “MBMS-Iub” interface to yet another node, the legacy CRNC (just used for MBMS). However, this is a light form of the Iub just used for MBMS purposes. 
· User plane protocol stack: There would be impacts in the sense that the Iub, Iu, and possibly Iur user plane protocol stack would need to be supported. In the case of an IP only eHSPA Node B, the Iub and Iur stack are identical however. However at least a subset of the Iub FP would need to be supported for MBMS purposes
· Control plane protocol: Again here the Iub, Iu, and possibly Iur user plane protocol stack would need to be supported. In the case of an IP only eHSPA Node B, the Iub protocols are actually a subset of those used over Iur. However at least a subset of NBAP would be required for MBMS purposes.
Solution with partial MBMS RRC in legacy RNC
· FACH co-ordination: No issue as MCCH is terminated in the “CRNC-part” of the eHSPA Node B.

· S-CCPCH co-ordination: No issue as MCCH termination in the CRNC-part of the eHSPA Node B.

· MTCH scheduling co-ordination and data frame timing: Some mechanism to do common timing co-ordination may be needed over Iub (may be possible however for some static timing relation that does not need real-time timing info.
· Co-ordination of OVSF codes: 

· MCCH: No issue as MCCH terminated in eHSPA Node B. 
· MTCH/MSCH: Here it is likely that part of the OVSF code tree will need to be prioritised for use by MTCH, such that soft combining can be co-ordinated. 

[NOTE: However of course if soft combining is not required, then these codes can be allocated to other users, unlike in solutions where the Node B does not know whether soft combining is being used or not in the neighbour Node Bs.]

· Connectivity
· Iux-lite interface: Even lighter version of Iub than in “full MBMS RRC” solution, in that NO user plane stack is needed.
5 Foreseen changes to specifications

Solution with full MBMS RRC in legacy CRNC

NBAP:

· The signalling of a counting indication to be provided from Node B to the CRNC to indicate the number of UEs per cell that would like the MBMS service.
· The signalling of the channel type indication and the frequency convergence information to be provided from CRNC to Node B.

RANAP: The signalling of an IP multicast address from SGSN to RNC
MBMS scheduling: A mechanism to co-ordinate scheduling/timing between Node Bs may need to be handled by either NBAP or Iub frame protocol.

Solution with partial MBMS RRC in legacy CRNC

xxxAP (maybe RNSAP?):

· The signalling of channel type information to be provided from Node B to the RNC to indicate the number of UEs per cell that would like the MBMS service.

· The signalling of the PTM radio bearer information and neighbour cell soft combining information to be provided to Node B from RNC.

RANAP: The signalling of an IP multicast address from SGSN to RNC

MBMS scheduling: A mechanism to co-ordinate scheduling/timing between Node Bs may need to be handled by either xxxAP or Iux frame protocol.

6 Proposal

Hopefully this paper is useful at highlighting the issues that need to be considered for both user plane and control plane MBMS. It is proposed to discuss the details of what is needed for both the user plane and control plane of MBMS further. 
User plane: But it is encouraged to consider IP multicast functionality as a foundation for the user plane. It is preferable to minimise the communication with the legacy RNC.

Control plane: Again it would be preferable to find a simple solution that requires minimal communication with the legacy RNC, but that still allows soft combining between Node Bs and allows PTM/PTP decisions to be made for all MBMS services. 
In addition it would be preferable that any communication with the legacy RNC is via the same UTRAN interface that is used for shared-carrier handling of non-HSPA unicast calls. However, it is requested by Vodafone that the MB S issues raised in this paper DO NOT impact the RNC connectivity choice for the Architecture 2 (shared carrier) for handling of non-HSPA unicast calls.
It is also requested that this work on the MBMS architecture does NOT prevent the work on the unicast shared carrier solution for architecture 2 from being completed by June 2007.
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