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Introduction

A Study Item for “improvement of MBMS” has been agreed at RAN#30 meeting. The objective of the SI is study of possible technological enhancements to MBMS that are backwards compatible to MBMS framework in Rel.6.  The SI also suggests that the technological enhancements should not have any impact on the CN.
In this paper, we discuss 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. Functional and network infrastructure requirements of supporting MBMS services over a UTRA TDD carrier and the benefits of such an MBMS solution are explained.

The MBMS solution is discussed under two different deployment scenarios:
a). MBMS over UTRA TDD without support of counting;

b). MBMS over UTRA TDD with support of counting.
The underlying assumption is that the device supports a dual receiver (FDD and TDD) and is capable of supporting simultaneous FDD and TDD operation.   
2
Discussion
It is expected, that UE capabilities will evolve and the minimum UE capability will increase to allow for more flexible services in the Rel.7 timeframe.  For instance, it may be possible for a UE to have dual receiver capability which allows the UE to receive MBMS services on a frequency that is different from the frequency it is camped on. 
Since MBMS is intended to serve a large user population in Rel.7, the usage of radio resources must be managed efficiently to avoid system overload due to MBMS services which could degrade the quality of the unicast services.  With the use of dual receiver UE, the overload traffic condition can be reduced by delivering the MBMS traffic over a separate frequency band from that used for unicast services.  

Even though, the UE with dual receiver capability enables the reception of MBMS services on a separate frequency band, it is not yet clear how MBMS services can be delivered over a separate frequency band in the current MBMS infrastructure. One possible way of achieving this is the use of overlay UMTS TDD network for delivery of MBMS services. This allows UMTS operators to fully utilize their existing spectrum and infrastructure to offer subscribers MBMS services without impacting other voice and data services. As will be explained in section 2.1-2.2, the additional functional and infrastructure requirements imposed by MBMS over TDD spectrum is feasible within the current Rel.6 MBMS framework and it provides a low cost and fast deployment scenario for efficient delivery of MBMS services.  

TDD in unpaired spectrum could be used solely for the purpose of delivery of MBMS traffic. In such a case, TDD spectrum could furthermore be used only for DL transmission. This would greatly simplify the operation at the UE as it should only be designed with dual receiver but with single transmitter. All UL communication would be carried over FDD spectrum. Also the necessary control signalling for MBMS service announcement, service activation, user joining/leaving, counting and other control signalling will be carried over FDD spectrum. This enables network operators the use of existing control functionalities ensuring backwards compatibility with the existing Rel.6 system. Table 1 summaries the MBMS functional split between FDD and TDD carriers in an overlay MBMS network. 
Table 1: The MBMS functional split between FDD and TDD carriers in an overlay MBMS network.
	Function
	FDD
	TDD

	Service announcement
	X
	

	Service activation/joining
	X
	

	Delivery of MICH: MBMS notification
	
	X

	Delivery of MCCH: session starts/stop indication, etc
	
	X

	Delivery of MTCH
	
	X

	Delivery of MSCH
	
	X

	Delivery of DTCH (MBMS p-t-p bearer)
	X
	

	User leaving
	X
	

	Uplink communication (counting response, cell update, URA update, etc)
	X
	


A number of deployment scenarios can be envisaged depending on the support of counting for overlay MBMS over TDD systems. The functional and network infrastructure requirements are dependent on the deployment scenarios used and are discussed below in detail.
2.1 Overlay MBMS over TDD without support of counting
In this scenario, MBMS services are supported over TDD using p-t-m. The MBMS service is broadcast over the entire service area using TDD MBMS bearers regardless of the number of users that have activated the service in the service area. This deployment scenario well suits the provision of MBMS broadcast applications such as mobile TV, where the same application content is available at a given time everywhere in the network.   
Infrastructure requirements
Figure 1 depicts the MBMS network architecture showing MBMS related entities involved in providing MBMS over TDD without support of counting.
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Figure 1: Network infrastructure of overlay MBMS using UTRA TDD without support of counting.

An overlay TDD network is used to deliver the MBMS related traffic using point-to-multipoint delivery. The SGSN is connected to both UTRAN-FDD and UTRAN-TDD over Iu interface. However, no co-ordination between UTRAN-FDD and UTRAN-TDD is required. 
Two approaches can be considered in the functional design of the UE in order to perform the combination of the MBMS logic for the traffic delivered over FDD and TDD RABs (as per Fig.1): 

· Either the RAN component of the UE treats the TDD carrier as an auxiliary bearer (to the FDD one) and delivers the traffic to the higher layers, 

· Or both are treated are separate bearers therefore the higher layers (MBMS service layer) has to implement the logic to “merge” the traffic coming from both bearers. 

It has to be noted that the author believes that both approaches have merit and it is proposed to be studied separately as part of this proposal.

MBMS service context is established in UTRAN-TDD for all the MBMS services available for the duration of the session. UTRAN-TDD broadcasts the available MBMS services over the entire service area for all the active services. The service announcement is carried out over UTRAN-FDD using similar procedures to those used in the Rel.6 system. The service announcement also indicates the availability of the services over unpaired spectrum. The UE listens to the MBMS service announcement over FDD. If the user is willing to receive the service and the UE is capable of receiving the service in TDD mode, the user initiates MBMS service activation procedure over UTRAN-FDD using the joining procedure used in the Rel.6 system. During the joining procedure, the UE is authenticated to receive MBMS services, and security keys necessary to decode the MBMS traffic are made available to the user. After the successful joining procedure, the UE receives the MBMS service over unpaired spectrum using TDD.  If the user wishes to leave the service, it initiates a service leaving procedure over UTRAN-FDD.
Functional requirements

In the current Rel.6 system, MBMS broadcast services do not require the UE to join the system in order to receive the service. It only requires activating the service locally at the UE. Thus, service announcements need to be modified to include the requirement for service joining in order to receive the TDD MBMS service.

The UE is required to join the service in order to receive the necessary security keys to decode the MBMS traffic. Also the user should be able to leave the service anytime. Thus joining and leaving procedures are needed to support the TDD MBMS service. The existing joining and leaving procedures can be reused.
To receive an MBMS service, the UE should be directed to the appropriate channel carrying the MBMS traffic. As the service announcement is over FDD and the actual MBMS traffic is carried over TDD, some mechanism is needed to direct the UE to the relevant MBMS traffic channel. The simplest way is to announce the services and their availability in TDD and/or FDD within the service announcement message. If the service is only available over TDD, after the successful joining procedure, the UE listens to the system information (BCCH) on the TDD cell and discovers the MCCH, MICH, MSCH and MTCH channels over TDD. 
As the MBMS service is broadcast over the cell independently of the number of users which have activated the service in the cell, no counting procedure is required. Also no UL communication is carried out over the unpaired spectrum. As the MBMS service is available in every cell at a given time instant, neither URA update nor Cell update is required on the TDD cell/URA change. 
The functional procedures required for the reception of MBMS over TDD without support of counting can be described in four main steps as illustrated in Figure 2.
Step 1: The UE (with dual receiver capability) listens to 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 already be broadcast over TDD spectrum. The UE would not be able to receive the service yet, as it does not have necessary security keys to decode the MBMS traffic.  
Step 2: The UE joins the service over UTRAN-FDD and obtains the security keys for the service.

Step 3: The UE receives the MBMS service. 

Step 4: The UE leaves the service by initiating a leaving procedure over UTRAN-FDD.
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Figure 2: Steps involved in reception of MBMS service over TDD without support of counting.
Benefits and drawbacks

Benefits
MBMS over TDD without support of counting 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 upgrade is required to the existing UTRAN-FDD network. 

· No impact on the core-network or BM-SC

· No additional procedures are required to support the MBMS service.

· No increase in UL loads in UTRAN-FDD due to the MBMS support. Ideally suited to “mobile-TV-like” applications
Drawbacks

MBMS service is broadcast in the entire service area regardless of the number of UEs activating the service in the cell. This could result in inefficient radio resource utilization in TDD cells depending upon the nature of the services being offered.
2.2 MBMS over TDD with support of counting  
In this scenario, MBMS services are supported over TDD using p-t-m. 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. The MBMS over TDD with support of counting may provide a better radio resource utilization in TDD spectrum. 
Infrastructure requirements
Two different deployment scenarios can be realized based on the locations of TDD RNC with respect to the FDD RNC.

· TDD RNC is separate from FDD RNC

· co-located TDD RNC and FDD RNC
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Figure 3: Network infrastructure of MBMS over TDD with support of counting (with separate TDD RNCs and FDD RNCs.

Figure 3 depicts the MBMS network architecture showing MBMS related entities involved in providing MBMS over TDD with support of counting with separate TDD-RNCs and FDD-RNCs. The MBMS service is delivered over the overlay TDD network. The SGSN is connected to both UTRAN-FDD and UTRAN-TDD over Iu interface. FDD-RNC is connected to TDD-RNC via Iur interface. 
The service announcement is carried out over UTRAN-FDD using similar procedures used in Rel.6 system. The UE listens to the MBMS service announcement over FDD, and if it decides to receive an MBMS service, the UE initiates service joining procedures over FDD UL. The same joining procedure as in Rel.6 can be used.  The service joining request message should also include the UE capability of receiving MBMS in TDD spectrum. The corresponding FDD-RNC is implicitly registered to the SGSN through the joining procedure. The TDD-RNC requires explicit registration to the SGSN, if it is not yet registered. This can be done over Iur linking a similar procedure, which is used to link Drift-RNC in Rel.6 framework. After RNC registration procedure, the MBMS service context is available at the RNC. A successful service joining procedure provides the necessary security keys (to decode the MBMS service) to the UE. The joining procedure also indicates the transmission mode (p-t-p to p-t-m) and the delivery method (delivery over TDD or FDD) of the MBMS service. The transmission mode decision is made by the FDD-RNC based on counting responses. The counting procedure is performed over FDD spectrum. The p-t-p bearers are always supported over FDD spectrum, while p-t-m MBMS bearers are supported either over FDD or TDD spectrum. If the UE is informed that the MBMS service is delivered over TDD, the UE should tune to the TDD cell and receive the MBMS service over TDD. If the user wishes to leave the service, it initiates a service leaving procedure over FDD to UTRAN-FDD.

Functional requirements

The service announcement procedure as in Rel.6 may be used without any modification, although some modifications might be required in the MBMS service metadata fragment objects.

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 joining procedure implicitly registers the FDD-RNC to the corresponding SGSN. The joining procedure will trigger explicit TDD-RNC linking and registration. No modification is required for the RNC registration procedure used in Rel 6. The existing leaving procedure can be used to leave the service anytime. 
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 TDD. 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 4: Steps involved in counting procedure in MBMS over TDD with support of copunting.

The transmission mode decision is made by the FDD-RNC 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 is less than a pre-defined threshold, p-t-p transmission is established over FDD spectrum. Otherwise p-t-m TDD bearer is established. The transition between the two transmission modes is shown in Figure 5. Joining 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. The leaving does not change the transmission mode.  
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Figure 5: The transmission mode transition in MBMS over TDD with support of counting.
As the MBMS delivery over TDD is dependent on the number of users joined the service in the cell, and to offer the MBMS services to mobile users, the cell update procedure is required. The cell update is required not only with the change of FDD cells but also with the change of TDD cells. Therefore, the cell update procedure would need to be modified. The UE may read both cell IDs (TDD Cell-Id and FDD Cell-Id) and then initiates cell update if either of the Ids has changed. This would increase the FDD UL load due to the cell update triggered from the TDD cell change. However, the number of cell update occurrences due to TDD cell change can be reduced with use of larger TDD cell size compared to that of FDD cells.
The functional procedures required for the reception of MBMS over TDD with support of counting can be described in seven steps as illustrated in Figure 6.
Step 1: The UE (with dual receiver capability) listens to 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 be being delivered over TDD spectrum. The UE would not be able to receive the service yet, as it does not have necessary security keys to decode the MBMS traffic.  

Step 2: The UE joins the service over UTRAN-FDD and obtains the security keys for the service. The joining procedure may also trigger TDD-RNC registration and RNC linking. The RNC registration procedure results in MBMS service context available at 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: If the MBMS is delivered over TDD with support of counting, 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 6: 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.
Benefits and drawbacks

Benefits

MBMS over TDD with support of counting supports efficient delivery of high bit rate MBMS services without impacting the quality of on going unicast services such as voice or data. The other benefits include:

· No impact on the core-network or BM-SC

· No additional procedures are required to support the MBMS service.   

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.
The requirements for an Iur interface between FDD-RNC and TDD-RNC can be eliminated by co-locating the FDD-RNC and TDD-RNC. However, this would require an upgrade to the FDD-RNC to handle the TDD related control function.
2.3 Backwards compatibility  

MBMS over TDD spectrum network architecture is designed to ensure the backwards compatibility for both Rel.6 TDD and FDD UEs. As the MBMS control information is transmitted over the FDD spectrum and it indicates the availability of MBMS services over TDD spectrum within the MBMS service announcement transmitted over FDD spectrum, the Rel.6 UEs which are camped onto the FDD system are not affected by the introduction of MBMS over TDD spectrum. The Rel.7 UEs with dual receiver capability can camped onto the FDD system and receive MBMS service over TDD spectrum. 

In order to guarantee backwards compatibility for Rel.6 TDD capable UEs, the MBMS services are made available over a portion of the TDD spectrum, effectively time slicing the TDD carrier. Thus, the Rel.6 TDD UEs can camp onto the TDD system and operate normally as the introduction of MBMS service over TDD spectrum is transparent to the Rel.6 TDD UEs.

2.4 Simultaneous TDD and FDD operation
We consider the impact of supporting FDD and TDD in the same device and operating both technologies simultaneously.
2.4.1 Dual Receiver Requirements
Simultaneous operation of TDD and FDD in the same device requires a dual receiver.  The TDD receiver is used for MBMS services transmitted over unpaired spectrum and the FDD receiver is used for MBMS and non-MBMS traffic transmitted over FDD spectrum. There may be some possibility of hardware reuse in the same device between the two technologies although it should be borne in mind that simultaneous operation of TDD and FDD is required, which may necessitate some duplication of receiver functionality.

2.4.2 FDD Transmit and TDD Receive operation
MBMS services transmitted over TDD spectrum are required to operate in the same device and at the same time as FDD. From an RF perspective, the impact of uplink FDD transmissions internal to the device should have minimal impact on the quality of downlink TDD reception which is also internal to the same device. These issues are under the remit of RAN4 and would need to be investigated as part of this study.
As stated previously, having MBMS services transmitted over TDD spectrum with all uplink communication via FDD spectrum simplifies the device substantially since the TDD portion of the device does not require a transmitter. This means the device consists of one transmitter and two receivers. Moreover, this also means there are no impacts on FDD receive from TDD transmit. 

2.5 Service continuity 

One application of MBMS over a TDD overlay network is provisioning of hotspot coverage for FDD capacity relief. MBMS services may be made available only over the TDD coverage area. In this case, when the UE moves away from the TDD coverage area, it would require informing the network of the loss of service. The need for additional procedure to inform the loss of services or to trigger service leaving is for further study. 

If the MBMS service is continuously available over the overlay TDD coverage area and the FDD coverage area, additional functionality is required to guarantee the service continuity at the edge of the overlay TDD coverage area. This would depend on the UE state in UTRAN (TDD and FDD) and delivery mode of MBMS.  The procedures required for the service continuity would need to be investigated as a part of this study.
2.6 State of the UE
As mentioned in Section 2.1, if the MBMS FDD uses the TDD as an auxiliary carrier, then the UE should be in CONNECTED state in FDD during the service joining, leaving and counting response over FDD UL. The reception of MBMS over TDD p-t-m is also available for Idle state UEs. 
If the UE uses different RAN procedures as per Section 2.1 for the FDD and TDD then it can have different RRC states between the FDD and TDD operation. So the FDD RRC can alternate between CONNECTED and IDLE states, but TDD will always be in IDLE state.
3.
Conclusion
In this contribution, we discussed the possibilities to use TDD in unpaired spectrum for delivery of MBMS services while using FDD for non-MBMS traffic delivery. The functional and infrastructure requirements for supporting MBMS services over TDD are discussed under two different deployment scenarios, which uses MBMS delivery over TDD with and without support of counting. The enhancements required under both deployment scenarios are backwards compatible to the current Rel.6 MBMS framework.

The enhancement discussed provides support for high bit rate MBMS services without impacting the quality of other services such as voice and data in FDD.

RAN2 is requested to agree that both options

· MBMS using UTRA TDD without support of counting;

· MBMS using UTRA TDD with support of counting
shall be analyzed further and that the analysis should be captured in the TR for Rel 7 “improvement of MBMS”.  
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