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Introduction

A Study Item for “improvement of MBMS” has been agreed at RAN#30 meeting. The possibilities to use a UTRA TDD carrier for the delivery of MBMS services while using UTRA FDD carriers for the delivery of MBMS and non-MBMS traffic has been agreed to be studied under this SI in RAN2#53.  Two different network deployment scenarios are selected for further study. They are

1. Scenario 1: Non-integrated RAN

2. Scenario 2: Integrated RAN

Scenario 2 is explained in this contribution while Scenario 1 is explained in R2-xxxx. 

2
Discussion
For the integrated RAN scenario, TDD is used as a downlink auxiliary carrier to FDD UTRAN for the delivery of MBMS traffic and its related downlink control information. Multicast signalling procedures over FDD are used for the service establishment. The UE is required to have a minimum capability of TDD/FDD dual receiver and FDD transmitter. We refer to this UE as FDD with Downlink Only TDD (FDOT).
The MBMS services are delivered over either FDD or TDD bearers depending on the radio requirements. P-t-m bearers are being used for MBMS support over TDD. The MBMS service is made available over TDD cells only if the number of users, who have activated the service in the cell, is larger than a pre-defined threshold. Otherwise, the MBMS service is provided to the activated users using point-to-point connection over FDD carriers. This requires interaction between FDD and TDD networks at UTRAN level.
While in the TDD coverage area, the FDOT UE can receive the MBMS services over TDD. When the FDOT UE is not in the TDD coverage area, the FDOT UE can receive the service via an FDD p-t-p/p-t-m MBMS bearer.
In the integrated RAN scenario, FDD UTRAN makes the decision on the support of MBMS over FDD p-t-p/p-t-m MBMS bearer or TDD p-t-m MBMS bearer depending on the service demand. This provides an efficient resource management in UTRAN. 
In addition, the integrated RAN scenario allows fast switching (low service interruption) between MBMS delivery over TDD and FDD MBMS bearers. This is specially benefited in enabling service continuity at the edge of TDD coverage areas.  
As the UE service joining and leaving at any time is allowed in the integrated RAN scenario, more flexible charging models can be applied. 
Two different deployment scenarios are investigated under the “Integrated RAN” scenario. The first scenario is based on the Rel.6 MBMS framework and this does not have any impacts on the core network elements or BM-SC. However, this requires an Iur (logical) interface between the FDD RNC and TDD RNC. This is referred to as “Integrated RAN based on Rel.6 MBMS framework” in this document. 

The second scenario is based on “one tunnel approach”, which is being investigated in SA2 [1] to enable direct tunnelling for user plane between RNC and GGSN within PS domain. The one tunnel approach has also been proposed in [2] as an UTRAN evolution to achieve LTE architectural benefits for HSPA by gradual introduction of a flat network architecture. This is referred to as “Integrated RAN based on one-tunnel approach” in this document. 

2.1 Architecture/Network Implication
2.1.1  Integrated RAN based on Rel.6 MBMS framework
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Figure 1: Network infrastructure of overlay MBMS using TDD: integrated RAN based on Rel.6 MBMS framework. 

Figure 1 depicts the MBMS network architecture showing MBMS related entities involved in providing MBMS over TDD in an “Integrated RAN based on Rel.6 MBMS framework”. The MBMS service is delivered over the overlay TDD network. Both UTRAN-FDD and UTRAN-TDD is assumed to use a common GGSN. FDD-RNC is connected to TDD-RNC via Iur interface. 

Figure 2 illustrates signalling flow involved in allowing the UE to enable the MBMS multicast mode over overlay TDD in “Integrated RAN based on Rel.6 MBMS framework”. The sequence of actions in order to allow the UE to enable the MBMS multicast mode over TDD UTRAN is the following.


[image: image2]
Figure 2: Signalling flow seen in MBMS using UTRA TDD: Integrated RAN based on Rel.6 MBMS framework.

1. The terminal uses the “default PDP Context” over FDD mode in order to transport the MBMS Service Announcement, using interactive service announcement mechanisms over point-to-point bearers as described in [3]. The service announcement document is structured according to the XML schema defined in [3].  In more detail the User Service Description instance will contain an <accessGroup> element with an <accessBearer> child element indicating the fact that the delivery of this MBMS service is performed using either TDD p-t-m or FDD p-t-p bearers. In the same descriptor it is indicated to the terminal whether the service will use multicast or broadcast delivery mode. 
2. The terminal performs the MBMS service registration procedures as defined in [4], where the necessary authentication mechanisms are performed in the BM-SC. All this message exchange is performed over the FDD default PDP context.

3. The terminal performs the MSK request procedures as described in [4], in order to be able to derive the MTK key and decrypt the received traffic multimedia traffic. 

4. The terminal sends an “IGMP Join” request to the multicast group that is interested to join over the default PDP context using FDD unicast bearers, the IP multicast address of the group is extracted from the SDP description document for this particular MBMS service. The FDD GGSN receives the “IGMP Join” request as in [5].

5. The FDD GGSN initiates the appropriate Gmb interface signaling in order to request authorization from the BM-SC for the terminal with the particular IMSI to receive traffic for this particular multicast group. 

6. The authorization decision, which is based on subscription data in the BM-SC, is provided in the MBMS Authorization Response together with the APN to be used for creation of the MBMS UE context. 

Note: In this case, common GGSN for TDD and FDD networks is assumed. Hence the APN points to the common GGSN. 

7. The GGSN sends an MBMS Notification Request (IP multicast address, APN, Linked NSAPI) to the FDD SGSN. Linked NSAPI is set equal to the NSAPI of the PDP context over which the Join request was received. The IP multicast address is the one requested by the UE in the Join request. The APN indicates the APN of the common GGSN selected by BM-SC. If the request is received correctly, the SGSN acknowledges the received message to the GGSN, this message is omitted from the signalling flow for simplicity.

8. The FDD SGSN sends a Request MBMS Context Activation (IP multicast address, APN, Linked NSAPI) to the UE to request it to activate an MBMS UE Context. The Linked NSAPI allows the UE to associate the MBMS UE Context with the PDP context over which it sent the IGMP Join message in step 4.  

9. The UE creates an MBMS UE context and sends an Activate MBMS Context Request message to the FDD SGSN. The message includes IP Multicast address, APN, MBMS_NSAPI, and MBMS bearer capabilities. The IP multicast address identifies the MBMS multicast service, which the UE wishes to joint to, while APN indicates the common GGSN. The MBMS bearer capabilities indicate the maximum QoS the UE can handle.

10. The FDD SGSN creates an MBMS UE context and sends a Create MBMS Context Requests (including IP multicast address, APN, MBMS_NSAPI, IMSI, MSISDN, RAI, IMEI-SV, RAT Type) to the GGSN.

11. The GGSN sends an MBMS Authorization Request (including IMSI, MSISDN, RAI, IMEI-SV, RAT Type, CGI/SAI) seeking authorization for the activating terminal. 

12. The authorization decision is provided in the MBMS Authorization Response. The BM-SC creates an MBMS UE Context. If no TMGI has been allocated for this MBMS bearer service, the BM-SC will allocate a new TMGI. This TMGI will be passed to the common GGSN via the MBMS Registration Response message.

13. The GGSN creates an MBMS UE context and sends a Create MBMS Context Response to the FDD SGSN.

14. The FDD SGSN provides to the RAN the MBMS UE context via the MBMS UE linking procedure. The signaling flow is used to link a specific UE to one or several MBMS service context in the FDD RNC. The message contains the list of MBMS service IDs activated by the UE. If there has not been an MBMS service context related to an MBMS service Id then the FDD RNC creates an MBMS service context as a result of this procedure.

15. The MBMS UE context is established at the TDD RNC as a result of MBMS Iur UE linking via “MBMS Attach” procedure. This procedure requires an Iur interface between FDD RNC and TDD RNC. During the procedure, the information related to a particular MBMS service, which is activated by the UE is delivered to the TDD RNC. The information includes APN and IP multicast address for the particular MBMS service, i.e.:TMGI.

16. The “MBMS Registration” procedure is initiated by the TDD RNC, in the case if there is no MBMS service context for the MBMS service in this RNC. The procedure is initiated by the TDD RNC, as soon as a MBMS Iur UE linking is received and there is no existing MBMS context for the required MBMS service.

Note: During the procedure described in steps (15) and (16), the MBMS service context for the required service is established at both FDD and TDD RNCs.

17. The FDD SGSN sends an Activate MBMS Context Accept (TMGI, MBMS bearer capabilities) to the terminal. The terminal after the MBMS context is established starts receiving the MBMS multimedia traffic, in case encryption is used the MTK is utilised to decrypt the received traffic.  

2.1.2  Integrated RAN, using the “one tunnel” approach
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Figure 3: Network infrastructure of overlay MBMS using TDD: integrated RAN using the “one tunnel” approach
3GPP SA2 is working in [1] in an optimized architecture for the delivery of PS services over the CN. The essence of this architecture is the by-passing of the SGSN for the delivery of the PS user plane traffic from the GGSN to the RAN. Additional functionality is added in the GGSN and SGSN CN nodes to make this possible.

What is proposed in this architecture approach is that for the case of the FDOT UEs the termination of the Gn tunnel (GTP-U) for the case of the MBMS traffic is going to terminate to the TDD RNC directly. That way the maximum efficiency is performed both in terms of air-interface, but also CN nodes’ utilization. It is understood that a number of modifications in the CN nodes and interfaces involved is necessary for this architectural approach, but given that SA2 is working on the evolution of the “one tunnel” architecture at the moment, additions to this working document can be performed in a timely manner.

This tdoc proposes a possibility for a set of modifications that can adapt the integrated RAN solution for the delivery of MBMS service traffic over TDD to the “one tunnel” approach. Nevertheless if this is the preferred architecture liaising with 3GPP SA2 is necessary in order to achieve alignment.
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Steps 1-4: The signalling procedures described in section 2.1.1.1, utilizing the default PDP context over FDD bearers apply. The service announcement indicates that the transport of the MBMS traffic is going to take place over the TD-CDMA network.

Steps 5-9: The signalling procedures described in section 2.1.1.1.apply.

Step 10: The message “Create MBMS Context Request” following the “one tunnel approach” described in [1][6]  indicates the reserved “not allocated” value for the traffic path as the Iu bearer is not yet allocated in the RAN.

Step 11-13: The signalling procedures described in section 2.1.1.1.apply 

Step 14: The SGSN allocates the appropriate resources in the RAN for the MBMS context by exchanging signalling information with the FDD and TDD RNCs, separating the CP and UP paths over the Iu and Iur interfaces. Similar procedures with the ones defined in section 2.1.1.1 for the messages 14-16 apply.

Step 15: The signalling procedures described in section 2.1.1.1.apply

Step 16: After the MBMS Context is provisioned in the RAN the SGSN updates the MBMS context indicating to the GGSN the RAN address and the TEID of the TDD RNC.

Step 17: The GGSN updates the MBMS Context and returns the Update MBMS Context Response message. The tunnel between the GGSN and the TDD RNC is established.

The GGSN in that case will send the MBMS user plane traffic directly to the TD-CDMA RNC following the “one tunnel” approach defined in 3GPP.  

2.2 Functions and Procedures

The service announcement document which is structured according to the XML schema defined in [3] should be modified to include the delivery of MBMS traffic over unpaired/TDD spectrum and/or paired/FDD spectrum while service announcement is over FDD. 

The UE is required to join the service in order to receive the necessary security keys to decode the MBMS traffic. The same joining procedure as in Rel.6 can be used. The UE capabilities (dual receiver capability) should be indicated to the network during the joining procedure. 
The FDD-RNC is implicitly registered to the corresponding SGSN via UE linking procedure. After the MBMS context is established at the FDD-RNC, the FDD-RNC sends MBMS Attached request signal to the TDD-RNC over Iur interface. This triggers explicit MBMS registration at the TDD-RNC. 
Counting procedure is required to identify the number of users who have activated the service in the system. Counting request is sent over MCCH which is transmitted over either TDD or FDD. However, the counting response from the UE is transmitted over FDD spectrum. When to initiate the counting request is implementation specific and may be controlled by the FDD-RNC according to the UL load condition.


[image: image5]
Figure 3: Steps involved in counting procedure in MBMS over TDD: integrated RAN scenario.

The transmission mode decision is made by the FDD-UTRAN based on the number of UEs that have joined the service and from the response to counting. If the number of UEs that have joined the service in a TDD cell is larger than a pre-defined threshold, p-t-m TDD bearer is established. Otherwise, p-t-p/p-t-m transmission is established over FDD spectrum. The transition between the two transmission modes is shown in Figure 4. UE linking may trigger the transition from p-t-p to p-t-m. Counting response may trigger the p-t-m to p-t-p transition. If transmission mode is changed, the UEs are informed about the decision over DCCH in FDD. 
If the user wishes to leave the service, it initiates a service leaving procedure over FDD to UTRAN-FDD. The leaving does not change the transmission mode.  
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Figure 4: The transmission mode transition in MBMS over TDD with support of counting.
The functional procedures required for the reception of MBMS over TDD: integrated RAN scenario with support of counting can be described in seven steps as illustrated in Figure 5.
Step 1: The FDOT UE receives the MBMS service announcement over FDD spectrum. The service announcement may take place before the session starts and/or during the session. Thus, the MBMS service may or may not already being delivered over TDD spectrum. The UE would not be able to receive the service yet, as it has not joined the service.  

Step 2: The UE joins the service over UTRAN-FDD. The joining procedure may also trigger MBMS service registration at the TDD RNC via attached procedure over Iur. The MBMS service registration procedure results in MBMS service context available at both TDD and FDD RNC for a given MBMS service. The UE is informed about the transmission mode (p-t-p or p-t-m) and delivery mode (over FDD or over TDD) during the joining procedure.
Step 3: The UE should listen to the BCCH, MCCH, MICH, MSCH and MTCH which are transmitted over the TDD cell. The UE receives the MBMS service over TDD. 

Step 4: The UE leaves the service by initiating a leaving procedure over UTRAN-FDD.

Step 5: The FDD-RNC may send counting request over MCCH in TDD.  
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Figure 5: Steps involved in reception of MBMS service over TDD with support of counting.

Step 6: The UE responds to the counting request by sending a counting response over FDD UL.
Step 7: The FDD-RNC changes the decision on transmission mode to p-t-p transmission over FDD. This may trigger TDD RNC de-linking and/or TDD-RNC de-registration, which clears the MBMS service context at the TDD-RNC.
2.3 Support of Service Continuity
Mobility in FDD cells follows same procedures (such as Cell update, URA update) as in Rel.6 specification.

MBMS critical information informing all MBMS services currently configured for p-t-m transmission is periodically transmitted in MBMS activated cells. The critical information also contains radio bearer information for each MBMS service and neighbouring cell information. Thus, the UE mobility between TDD cells does not affect the MBMS reception if the service is available in the cell.

While receiving the MBMS service over TDD, if the FDOT UE moves to a new TDD cell where the service is not available, the FDOT UE first checks whether the service is available over p-t-m MBMS bearer over FDD. If the service is available over FDD p-t-m MBMS bearer, it tunes to the MTCH over FDD and receives the MBMS service over FDD.
If the service is not available either over FDD p-t-m MBMS or TDD p-t-m MBMS bearers, the FDOT UE initiates “Cell Update” or “RRC connection” procedure (depending on the UE states in FDD UTRAN) with cause set to “MBMS p-t-p bearer request” over FDD uplink. The message also contains MBMS ID (or MBMS IDs if more than one service is activated), TDD Cell ID and FDD Cell ID.  FDD UTRAN may set up a p-t-p or p-t-m MBMS FDD bearer or p-t-m MBMS TDD bearer and the UE is informed of the delivery mechanism over the dedicated unicast bearer. 
If the UE moves to a area where there is no TDD coverage, the FDOT UE initiates “cell update” or “RRC connection” procedure with cause set to “MBMS p-t-p bearer request” over FDD uplink.  The message may include the MBMS service ID. FDD UTRAN may set up a p-t-p or p-t-m MBMS FDD bearer and the UE is informed of the delivery mechanism over the dedicated unicast bearer.
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Figure 6: Cell Update instances seen in overlay TDD MBMS system 
Figure 6 illustrates cell update instances seen in overlay TDD MBMS system. The UE state in FDD is assumed to be CELL_PCH. The UE moves from point A to point B. a number of cell update instances can be seen. Instances I1, I3 and I5 are resulted due to the FDD cell change, thus the same cell update procedure as in Rel.6 is applied. Instance I2 is resulted because the UE is moving to a TDD cell where the MBMS service is not available. The UE initiates cell update procedure to request a p-t-p MBMS bearer over FDD. The message includes cause: MBMS p-t-p bearer request, MBMS ID (or MBMS IDs if more than one service is activated), FDD cell ID and TDD cell ID.  At Instance I4, the UE moves to a TDD cell where the service is available over p-t-m MBMS bearer while receiving the MBMS service over FDD p-t-p MBMS bearer. The cell update is sent to the network to inform that the service is available over TDD. The message includes the cause: MBMS reception over TDD, MBMS ID (or MBMS IDs if more than one service is activated), TDD cell ID and FDD cell ID. Even though, the TDD cell is change at Instance I6, this would not cause cell update as the MBMS service is available in the cell which the UE is moving to.   
2.4 Connection States of the UE

Only downlink transmission is available in TDD UTRAN. Therefore, the FDOT UE could only be in Idle state in TDD UTRAN. However, the FDOT UE may be in connected (CELL_DCH, CELL_FACH, URA_PCH or CELL_PCH) or Idle states (depending on the FDOT UE activity) in FDD UTRAN while receiving the MBMS traffic over TDD UTRAN.

2.5 Specification Impacts
Modification required for Rel.6 RAN specification

No modification requires.
Modification required for Rel.7 RAN specification
TDD BCCH information: In one deployment scenario TDD spectrum is used solely for the delivery of MBMS, system information transmitted over BCCH needs modification as some information (such as RACH information) may not be required.  

If the MBMS service is provided only over a portion of TDD spectrum while non-MBMS services are supported over the remaining portion of TDD spectrum for TDD Rel.6 UEs, no modification is required to BCCH. This would allow backwards compatibility to TDD Rel.6 UEs. 

FDOT UEs may be unaware of whether the MBMS service is provided over a portion of TDD spectrum or the entire TDD spectrum. Hence the BCCH information on the system which uses entire TDD spectrum for the delivery of MBMS service should be structured such a way to allow the FDOT UE to follow a common procedure in acquiring MCCH information in both deployment scenarios.

Cell update/RRC connection procedure:  One new “cause” values as “MBMS reception over TDD” should be added to the list of “cause” values specified to be used in cell update and RRC connection procedures. Furthermore, the MBMS service ID (or MBMS service IDs if more than one service is activated), TDD cell ID and FDD cell ID should also be included in the cell update and RRC connection procedure in case they are initiated with related to MBMS loss/reception over TDD or to a counting response. 

Reception of MBMS over TDD/FDD: at some geographical location, a FDOT UE may receive the same MBMS service over both TDD and FDD p-t-m MBMS bearer. In this scenario, a FDOT UE procedure should be defined such that the FDOT UE may select signals over TDD or FDD or the FDOT UE may receive both signals and perform selective combining at the application layer. 
Modification required for Rel.7 SA specifications 
In case of the “one tunnel” architecture changes required in TR23.809.Otherwise there is no further impact.
2.6 Benefits and drawbacks

Benefits

MBMS over TDD with “Integrated RAN scenario with Rel.6 FDD and TDD” supports high bit rate MBMS delivery without impacting the quality of on going dedicated services such as voice or data. The other benefits include:

· No impact on the core-network or BM-SC, in case the Rel.6 MBMS procedures are being used. For the case of the “one tunnel” approach, which is work in progress in SA2, it is required to make the necessary changes in [1].
· No additional procedures are required to support the MBMS service.   
· Multicasting allows transmission of the MBMS multimedia only to the parts of the core network and UTRAN that have subscribers added to these particular multicast groups, therefore the load on the UTRAN/Core Network is reduced. 
· More flexible charging models can be applied, compared to the case that the FDD and TDD RANs are not integrated.
· Allow efficient radio resource management as MBMS may be delivered over FDD p-t-p or TDD p-t-m bearers based on the number of UEs, which has activated the service.
· Allow fast switching (low service interruption) between MBMS delivery over TDD and FDD MBMS bearers. This is specially benefited in enabling service continuity at the edge of TDD coverage areas.  
Drawbacks

· Some upgrade is required to the existing UTRAN-FDD network: 

· This is required for the Iur interface between FDD-RNC and TDD-RNC

· Some functional upgrade is required at the FDD-RNC to trigger TDD-RNC linking over the Iur interface.
· Increase in UL loads in UTRAN-FDD due to cell update triggered by TDD cell change.
· Small increase in UL loads in UTRAN-FDD from cell update/ RRC connection due to the MBMS support in TDD. 
3
Conclusion

A text proposal capturing the above discussion to be included in TR: “Improvement of Multimedia broadcast Multicast Services (MBMS) in UTRAN” is appended.
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6.1.2.2 
Scenario 2: Integrated RAN
For the integrated RAN scenario, TDD is used as a downlink auxiliary carrier to FDD UTRAN for the delivery of MBMS traffic and its related downlink control information. Multicast signalling procedures over FDD are used for the service establishment. The UE is required to have a minimum capability of TDD/FDD dual receiver and FDD transmitter. We refer to this UE as FDD with Downlink Only TDD (FDOT).
The MBMS services are delivered over either FDD or TDD bearers depending on the radio requirements. P-t-m bearers are being used for MBMS support over TDD. The MBMS service is made available over TDD cells only if the number of users, who have activated the service in the cell, is larger than a pre-defined threshold. Otherwise, the MBMS service is provided to the activated users using point-to-point connection over FDD carriers. This requires interaction between FDD and TDD networks at UTRAN level.
While in the TDD coverage area, the FDOT UE can receive the MBMS services over TDD. When the FDOT UE is not in the TDD coverage area, the FDOT UE can receive the service via an FDD p-t-p/p-t-m MBMS bearer.
In the integrated RAN scenario, FDD UTRAN makes the decision on the support of MBMS over FDD p-t-p/p-t-m MBMS bearer or TDD p-t-m MBMS bearer depending on the service demand. This provides an efficient resource management in UTRAN. 

In addition, the integrated RAN scenario allows fast switching (low service interruption) between MBMS delivery over TDD and FDD MBMS bearers. This is specially benefited in enabling service continuity at the edge of TDD coverage areas.  
As the UE service joining and leaving at any time is allowed in the integrated RAN scenario, more flexible charging models can be applied. 

Two different deployment scenarios are investigated under the “Integrated RAN” scenario. The first scenario is based on the Rel.6 MBMS framework and this does not have any impacts on the core network elements or BM-SC. However, this requires an Iur (logical) interface between the FDD RNC and TDD RNC. This is referred to as “Integrated RAN based on Rel.6 MBMS framework” in this document. 

The second scenario is based on “one tunnel approach”, which is being investigated in SA2 [1] to enable direct tunnelling for user plane between RNC and GGSN within PS domain. The one tunnel approach has also been proposed in [2] as an UTRAN evolution to achieve LTE architectural benefits for HSPA by gradual introduction of a flat network architecture. This is referred to as “Integrated RAN based on one-tunnel approach” in this document. 

6.1.2.2.1
Architecture/network implication
2.1.1  Integrated RAN based on Rel.6 MBMS framework
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Figure 1: Network infrastructure of overlay MBMS using TDD: integrated RAN based on Rel.6 MBMS framework. 

Figure 1 depicts the MBMS network architecture showing MBMS related entities involved in providing MBMS over TDD in an “Integrated RAN based on Rel.6 MBMS framework”. The MBMS service is delivered over the overlay TDD network. Both UTRAN-FDD and UTRAN-TDD is assumed to use a common GGSN. FDD-RNC is connected to TDD-RNC via Iur interface. 

Figure 2 illustrates signalling flow involved in allowing the UE to enable the MBMS multicast mode over overlay TDD in “Integrated RAN based on Rel.6 MBMS framework”. The sequence of actions in order to allow the UE to enable the MBMS multicast mode over TDD UTRAN is the following.
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Figure 2: Signalling flow seen in MBMS using UTRA TDD: Integrated RAN based on Rel.6 MBMS framework.

1. The terminal uses the “default PDP Context” over FDD mode in order to transport the MBMS Service Announcement, using interactive service announcement mechanisms over point-to-point bearers as described in [3]. The service announcement document is structured according to the XML schema defined in [3].  In more detail the User Service Description instance will contain an <accessGroup> element with an <accessBearer> child element indicating the fact that the delivery of this MBMS service is performed using either TDD p-t-m or FDD p-t-p bearers. In the same descriptor it is indicated to the terminal whether the service will use multicast or broadcast delivery mode. 

2. The terminal performs the MBMS service registration procedures as defined in [4], where the necessary authentication mechanisms are performed in the BM-SC. All this message exchange is performed over the FDD default PDP context.

3. The terminal performs the MSK request procedures as described in [4], in order to be able to derive the MTK key and decrypt the received traffic multimedia traffic. 

4. The terminal sends an “IGMP Join” request to the multicast group that is interested to join over the default PDP context using FDD unicast bearers, the IP multicast address of the group is extracted from the SDP description document for this particular MBMS service. The FDD GGSN receives the “IGMP Join” request as in [5].

5. The FDD GGSN initiates the appropriate Gmb interface signaling in order to request authorization from the BM-SC for the terminal with the particular IMSI to receive traffic for this particular multicast group. 

6. The authorization decision, which is based on subscription data in the BM-SC, is provided in the MBMS Authorization Response together with the APN to be used for creation of the MBMS UE context. 

Note: In this case, common GGSN for TDD and FDD networks is assumed. Hence the APN points to the common GGSN. 

7. The GGSN sends an MBMS Notification Request (IP multicast address, APN, Linked NSAPI) to the FDD SGSN. Linked NSAPI is set equal to the NSAPI of the PDP context over which the Join request was received. The IP multicast address is the one requested by the UE in the Join request. The APN indicates the APN of the common GGSN selected by BM-SC. If the request is received correctly, the SGSN acknowledges the received message to the GGSN, this message is omitted from the signalling flow for simplicity.

8. The FDD SGSN sends a Request MBMS Context Activation (IP multicast address, APN, Linked NSAPI) to the UE to request it to activate an MBMS UE Context. The Linked NSAPI allows the UE to associate the MBMS UE Context with the PDP context over which it sent the IGMP Join message in step 4.  

9. The UE creates an MBMS UE context and sends an Activate MBMS Context Request message to the FDD SGSN. The message includes IP Multicast address, APN, MBMS_NSAPI, and MBMS bearer capabilities. The IP multicast address identifies the MBMS multicast service, which the UE wishes to joint to, while APN indicates the common GGSN. The MBMS bearer capabilities indicate the maximum QoS the UE can handle.

10. The FDD SGSN creates an MBMS UE context and sends a Create MBMS Context Requests (including IP multicast address, APN, MBMS_NSAPI, IMSI, MSISDN, RAI, IMEI-SV, RAT Type) to the GGSN.

11. The GGSN sends an MBMS Authorization Request (including IMSI, MSISDN, RAI, IMEI-SV, RAT Type, CGI/SAI) seeking authorization for the activating terminal. 

12. The authorization decision is provided in the MBMS Authorization Response. The BM-SC creates an MBMS UE Context. If no TMGI has been allocated for this MBMS bearer service, the BM-SC will allocate a new TMGI. This TMGI will be passed to the common GGSN via the MBMS Registration Response message.

13. The GGSN creates an MBMS UE context and sends a Create MBMS Context Response to the FDD SGSN.

14. The FDD SGSN provides to the RAN the MBMS UE context via the MBMS UE linking procedure. The signaling flow is used to link a specific UE to one or several MBMS service context in the FDD RNC. The message contains the list of MBMS service IDs activated by the UE. If there has not been an MBMS service context related to an MBMS service Id then the FDD RNC creates an MBMS service context as a result of this procedure.

15. The MBMS UE context is established at the TDD RNC as a result of MBMS Iur UE linking via “MBMS Attach” procedure. This procedure requires an Iur interface between FDD RNC and TDD RNC. During the procedure, the information related to a particular MBMS service, which is activated by the UE is delivered to the TDD RNC. The information includes APN and IP multicast address for the particular MBMS service, i.e.:TMGI.

16. The “MBMS Registration” procedure is initiated by the TDD RNC, in the case if there is no MBMS service context for the MBMS service in this RNC. The procedure is initiated by the TDD RNC, as soon as a MBMS Iur UE linking is received and there is no existing MBMS context for the required MBMS service.

Note: During the procedure described in steps (15) and (16), the MBMS service context for the required service is established at both FDD and TDD RNCs.

17. The FDD SGSN sends an Activate MBMS Context Accept (TMGI, MBMS bearer capabilities) to the terminal. The terminal after the MBMS context is established starts receiving the MBMS multimedia traffic, in case encryption is used the MTK is utilised to decrypt the received traffic.  

2.1.2  Integrated RAN, using the “one tunnel” approach
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Figure 3: Network infrastructure of overlay MBMS using TDD: integrated RAN using the “one tunnel” approach
3GPP SA2 is working in [1] in an optimized architecture for the delivery of PS services over the CN. The essence of this architecture is the by-passing of the SGSN for the delivery of the PS user plane traffic from the GGSN to the RAN. Additional functionality is added in the GGSN and SGSN CN nodes to make this possible.

What is proposed in this architecture approach is that for the case of the FDOT UEs the termination of the Gn tunnel (GTP-U) for the case of the MBMS traffic is going to terminate to the TDD RNC directly. That way the maximum efficiency is performed both in terms of air-interface, but also CN nodes’ utilization. It is understood that a number of modifications in the CN nodes and interfaces involved is necessary for this architectural approach, but given that SA2 is working on the evolution of the “one tunnel” architecture at the moment, additions to this working document can be performed in a timely manner.

This tdoc proposes a possibility for a set of modifications that can adapt the integrated RAN solution for the delivery of MBMS service traffic over TDD to the “one tunnel” approach. Nevertheless if this is the preferred architecture liaising with 3GPP SA2 is necessary in order to achieve alignment.
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Steps 1-4: The signalling procedures described in section 2.1.1.1, utilizing the default PDP context over FDD bearers apply. The service announcement indicates that the transport of the MBMS traffic is going to take place over the TD-CDMA network.

Steps 5-9: The signalling procedures described in section 2.1.1.1.apply.

Step 10: The message “Create MBMS Context Request” following the “one tunnel approach” described in [1][6]  indicates the reserved “not allocated” value for the traffic path as the Iu bearer is not yet allocated in the RAN.

Step 11-13: The signalling procedures described in section 2.1.1.1.apply 

Step 14: The SGSN allocates the appropriate resources in the RAN for the MBMS context by exchanging signalling information with the FDD and TDD RNCs, separating the CP and UP paths over the Iu and Iur interfaces. Similar procedures with the ones defined in section 2.1.1.1 for the messages 14-16 apply.

Step 15: The signalling procedures described in section 2.1.1.1.apply

Step 16: After the MBMS Context is provisioned in the RAN the SGSN updates the MBMS context indicating to the GGSN the RAN address and the TEID of the TDD RNC.

Step 17: The GGSN updates the MBMS Context and returns the Update MBMS Context Response message. The tunnel between the GGSN and the TDD RNC is established.

The GGSN in that case will send the MBMS user plane traffic directly to the TD-CDMA RNC following the “one tunnel” approach defined in 3GPP.  

6.1.2.2.2
Functions and procedures
The service announcement document which is structured according to the XML schema defined in [3] should be modified to include the delivery of MBMS traffic over unpaired/TDD spectrum and/or paired/FDD spectrum while service announcement is over FDD. 

The UE is required to join the service in order to receive the necessary security keys to decode the MBMS traffic. The same joining procedure as in Rel.6 can be used. The UE capabilities (dual receiver capability) should be indicated to the network during the joining procedure. 
The FDD-RNC is implicitly registered to the corresponding SGSN via UE linking procedure. After the MBMS context is established at the FDD-RNC, the FDD-RNC sends MBMS Attached request signal to the TDD-RNC over Iur interface. This triggers explicit MBMS registration at the TDD-RNC. 
Counting procedure is required to identify the number of users who have activated the service in the system. Counting request is sent over MCCH which is transmitted over either TDD or FDD. However, the counting response from the UE is transmitted over FDD spectrum. When to initiate the counting request is implementation specific and may be controlled by the FDD-RNC according to the UL load condition.
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Figure 3: Steps involved in counting procedure in MBMS over TDD: integrated RAN scenario.

The transmission mode decision is made by the FDD-UTRAN based on the number of UEs that have joined the service and from the response to counting. If the number of UEs that have joined the service in a TDD cell is larger than a pre-defined threshold, p-t-m TDD bearer is established. Otherwise, p-t-p/p-t-m transmission is established over FDD spectrum. The transition between the two transmission modes is shown in Figure 4. UE linking may trigger the transition from p-t-p to p-t-m. Counting response may trigger the p-t-m to p-t-p transition. If transmission mode is changed, the UEs are informed about the decision over DCCH in FDD. 
If the user wishes to leave the service, it initiates a service leaving procedure over FDD to UTRAN-FDD. The leaving does not change the transmission mode.  
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Figure 4: The transmission mode transition in MBMS over TDD with support of counting.

The functional procedures required for the reception of MBMS over TDD: integrated RAN scenario with support of counting can be described in seven steps as illustrated in Figure 5.

Step 1: The FDOT UE receives the MBMS service announcement over FDD spectrum. The service announcement may take place before the session starts and/or during the session. Thus, the MBMS service may or may not already being delivered over TDD spectrum. The UE would not be able to receive the service yet, as it has not joined the service.  

Step 2: The UE joins the service over UTRAN-FDD. The joining procedure may also trigger MBMS service registration at the TDD RNC via attached procedure over Iur. The MBMS service registration procedure results in MBMS service context available at both TDD and FDD RNC for a given MBMS service. The UE is informed about the transmission mode (p-t-p or p-t-m) and delivery mode (over FDD or over TDD) during the joining procedure.

Step 3: The UE should listen to the BCCH, MCCH, MICH, MSCH and MTCH which are transmitted over the TDD cell. The UE receives the MBMS service over TDD. 

Step 4: The UE leaves the service by initiating a leaving procedure over UTRAN-FDD.

Step 5: The FDD-RNC may send counting request over MCCH in TDD.  
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Figure 5: Steps involved in reception of MBMS service over TDD with support of counting.

Step 6: The UE responds to the counting request by sending a counting response over FDD UL.

Step 7: The FDD-RNC changes the decision on transmission mode to p-t-p transmission over FDD. This may trigger TDD RNC de-linking and/or TDD-RNC de-registration, which clears the MBMS service context at the TDD-RNC.
6.1.2.2.3 
Support of service continuity
Mobility in FDD cells follows same procedures (such as Cell update, URA update) as in Rel.6 specification.

MBMS critical information informing all MBMS services currently configured for p-t-m transmission is periodically transmitted in MBMS activated cells. The critical information also contains radio bearer information for each MBMS service and neighbouring cell information. Thus, the UE mobility between TDD cells does not affect the MBMS reception if the service is available in the cell.

While receiving the MBMS service over TDD, if the FDOT UE moves to a new TDD cell where the service is not available, the FDOT UE first checks whether the service is available over p-t-m MBMS bearer over FDD. If the service is available over FDD p-t-m MBMS bearer, it tunes to the MTCH over FDD and receives the MBMS service over FDD.

If the service is not available either over FDD p-t-m MBMS or TDD p-t-m MBMS bearers, the FDOT UE initiates “Cell Update” or “RRC connection” procedure (depending on the UE states in FDD UTRAN) with cause set to “MBMS p-t-p bearer request” over FDD uplink. The message also contains MBMS ID (or MBMS IDs if more than one service is activated), TDD Cell ID and FDD Cell ID.  FDD UTRAN may set up a p-t-p or p-t-m MBMS FDD bearer or p-t-m MBMS TDD bearer and the UE is informed of the delivery mechanism over the dedicated unicast bearer. 

If the UE moves to a area where there is no TDD coverage, the FDOT UE initiates “cell update” or “RRC connection” procedure with cause set to “MBMS p-t-p bearer request” over FDD uplink.  The message may include the MBMS service ID. FDD UTRAN may set up a p-t-p or p-t-m MBMS FDD bearer and the UE is informed of the delivery mechanism over the dedicated unicast bearer.
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Figure 6: Cell Update instances seen in overlay TDD MBMS system 

Figure 6 illustrates cell update instances seen in overlay TDD MBMS system. The UE state in FDD is assumed to be CELL_PCH. The UE moves from point A to point B. a number of cell update instances can be seen. Instances I1, I3 and I5 are resulted due to the FDD cell change, thus the same cell update procedure as in Rel.6 is applied. Instance I2 is resulted because the UE is moving to a TDD cell where the MBMS service is not available. The UE initiates cell update procedure to request a p-t-p MBMS bearer over FDD. The message includes cause: MBMS p-t-p bearer request, MBMS ID (or MBMS IDs if more than one service is activated), FDD cell ID and TDD cell ID.  At Instance I4, the UE moves to a TDD cell where the service is available over p-t-m MBMS bearer while receiving the MBMS service over FDD p-t-p MBMS bearer. The cell update is sent to the network to inform that the service is available over TDD. The message includes the cause: MBMS reception over TDD, MBMS ID (or MBMS IDs if more than one service is activated), TDD cell ID and FDD cell ID. Even though, the TDD cell is change at Instance I6, this would not cause cell update as the MBMS service is available in the cell which the UE is moving to.   

6.1.2.2.4 
Connection state of the UE
Only downlink transmission is available in TDD UTRAN. Therefore, the FDOT UE could only be in Idle state in TDD UTRAN. However, the FDOT UE may be in connected (CELL_DCH, CELL_FACH, URA_PCH or CELL_PCH) or Idle states (depending on the FDOT UE activity) in FDD UTRAN while receiving the MBMS traffic over TDD UTRAN.

6.1.2.2.5 
Specification Impacts
Modification required for Rel.6 RAN specification

No modification requires.
Modification required for Rel.7 RAN specification
TDD BCCH information: In one deployment scenario TDD spectrum is used solely for the delivery of MBMS, system information transmitted over BCCH needs modification as some information (such as RACH information) may not be required.  

If the MBMS service is provided only over a portion of TDD spectrum while non-MBMS services are supported over the remaining portion of TDD spectrum for TDD Rel.6 UEs, no modification is required to BCCH. This would allow backwards compatibility to TDD Rel.6 UEs. 

FDOT UEs may be unaware of whether the MBMS service is provided over a portion of TDD spectrum or the entire TDD spectrum. Hence the BCCH information on the system which uses entire TDD spectrum for the delivery of MBMS service should be structured such a way to allow the FDOT UE to follow a common procedure in acquiring MCCH information in both deployment scenarios.

Cell update/RRC connection procedure:  One new “cause” values as “MBMS reception over TDD” should be added to the list of “cause” values specified to be used in cell update and RRC connection procedures. Furthermore, the MBMS service ID (or MBMS service IDs if more than one service is activated), TDD cell ID and FDD cell ID should also be included in the cell update and RRC connection procedure in case they are initiated with related to MBMS loss/reception over TDD or to a counting response. 

Reception of MBMS over TDD/FDD: at some geographical location, a FDOT UE may receive the same MBMS service over both TDD and FDD p-t-m MBMS bearer. In this scenario, a FDOT UE procedure should be defined such that the FDOT UE may select signals over TDD or FDD or the FDOT UE may receive both signals and perform selective combining at the application layer. 
Modification required for Rel.7 SA specifications 
In case of the “one tunnel” architecture changes required in TR23.809.Otherwise there is no further impact.
6.1.2.2.6
Benefits and drawbacks

Benefits

MBMS over TDD with “Integrated RAN scenario with Rel.6 FDD and TDD” supports high bit rate MBMS delivery without impacting the quality of on going dedicated services such as voice or data. The other benefits include:

· No impact on the core-network or BM-SC, in case the Rel.6 MBMS procedures are being used. For the case of the “one tunnel” approach, which is work in progress in SA2, it is required to make the necessary changes in [1].
· No additional procedures are required to support the MBMS service.   
· Multicasting allows transmission of the MBMS multimedia only to the parts of the core network and UTRAN that have subscribers added to these particular multicast groups, therefore the load on the UTRAN/Core Network is reduced. 
· More flexible charging models can be applied, compared to the case that the FDD and TDD RANs are not integrated.
· Allow efficient radio resource management as MBMS may be delivered over FDD p-t-p or TDD p-t-m bearers based on the number of UEs, which has activated the service.
· Allow fast switching (low service interruption) between MBMS delivery over TDD and FDD MBMS bearers. This is specially benefited in enabling service continuity at the edge of TDD coverage areas.  
Drawbacks

· Some upgrade is required to the existing UTRAN-FDD network: 

· This is required for the Iur interface between FDD-RNC and TDD-RNC

· Some functional upgrade is required at the FDD-RNC to trigger TDD-RNC linking over the Iur interface.

· Increase in UL loads in UTRAN-FDD due to cell update triggered by TDD cell change.
· Small increase in UL loads in UTRAN-FDD from cell update/ RRC connection due to the MBMS support in TDD. 
<<<<<<<<<<<<<<<<<<<<<<< end of text proposal >>>>>>>>>>>>>>>>>>>>
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