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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.
1
Scope


The present document summarizes the work done under the study item “Improvement of the Multimedia Broadcast Multicast Service (MBMS) in UTRAN” defined in [1] by listing technical concepts addressing the objectives of the study item, analysing these technical concepts and recommending a way forward of the study item.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.  In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TD RP-050746: "Proposed Study Item on Improvement of the Multimedia Broadcast Multicast Service (MBMS) in UTRAN".

3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the following terms and definitions apply.

<defined term>: <definition>.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the following abbreviations apply:
UMTS
Universal Mobile Telecommunications System
UTRAN
UMTS Terrestrial Radio Access Network
MBMS
Multimedia Broadcast Multicast Service
4
Introduction

The objective of this study item [1] is to analyse the feasibility and merits of potential improvement of MBMS in the Release 7 RAN specifications. It is the intention that the introduction of MBMS based on Release 6 due to these enhancements should not be delayed, and that these improvements should be able to be integrated on top of the Rel6 functionalities smoothly. The study should progress based on the current framework of Release 6 MBMS in backward compatible ways.
The potential improvements of MBMS described in this technical report are as follows:

-
Support for a dual receiver UE receiving simultaneously MBMS and dedicated services on separate carriers.
5
Outline of Proposals
Editor’s notes: This section describes the technical schemes proposed for MBMS improvements in the scope of this study item.
5.1
Dual Receiver UEs

5.1.1
FDD + WCDMA DL

Since MBMS is intended to serve a large user population, 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.

Thereby the impact between dedicated and MBMS traffice can be minimized, and the available data rates for MBMS can be maximized.

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 FDD networks for delivery of MBMS services. This allows UMTS operators to offer subscribers MBMS services without impacting other voice and data services. The additional functional and infrastructure requirements imposed by MBMS via overlay spectrum is analyzed based on the current Rel.6 MBMS framework.

5.1.1.1
UE capabilities

A dual receiver UE for the study in the scope of this SI should be capable of simultaneously receiving dedicated services and MBMS PtP / PtM services on one frequency A plus MBMS services sent on PtM bearers on a separate frequency B e.g.:

· Frequency A (FDD, dedicated services + MBMS, frequency on which the UE is camping for reception of dedicated services):

· Channels necessary independent from MBMS

· MICH or MCCH (FFS) independently from the MBMS services on frequency B

· MTCH, (FFS) depending on the reception of MBMS services on frequency B with the dual receiver

· Frequency B (FDD) (additional MBMS capabilities):

· BCCH

· MICH or MCCH (FFS) independently from the reception of MBMS services or dedicated services on frequency A

· MTCH with the dual receiver, possibly depending on the reception of MBMS services on the frequency A 

Detailed capabilities depend on the scenario and are FFS.

Dual receiver UEs can be useful for different scenarios as outlined below:
5.1.1.2
Scenario 1: MBMS multicarrier Rel-6 network:

In this scenario an operator has deployed a multicarrier network with more than one 5MHz frequency. In order to allow to build UEs with a dual receiver several issues in the Rel-6 specification need to be clarified as listed below:

· Rel-6 frequency convergence and counting used to allow the network to transmit MBMS in only one frequency

· Rel-7 rules for dual receiver UEs without network impact allow to receive dedicated and MBMS services in certain scenarios
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Figure 1: MBMS multicarrier network in Rel6 with Rel-7 dual receiver UEs

5.1.1.3
Scenario 2: MBMS multicarrier Rel-6 network + optimisations for Rel-7 dual receiver UEs
In order to optimize the usage of the capabilities of a dual receiver UE some specific optimizations are beneficial.

· Rel-6 frequency convergence and counting used for transmission in only one frequency

· Rel-7 rules for dual receiver UEs without network impact allow to receive dedicated and MBMS services with no restriction

· Rel-7 mechanisms for dual receiver UEs allow resource optimization to receive dedicated and MBMS services with no restriction
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Figure 2: MBMS multicarrier Rel-6 network + optimisations for Rel-7 dual receiver UEs

5.1.1.4
Scenario 3: Rel-6 network (single carrier or multicarrier) + separate independent MBMS downlink only frequency for Rel-7 dual receiver UEs (FDD)

In order to optimize the usage of the capabilities of a dual receiver UE some specific optimizations are beneficial.

· Mechanisms for paging on the Rel 6 network which allows to activate the dual receiver for reception of MBMS services
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Figure 3: Rel-6 network (single carrier or multicarrier) + separate independent MBMS downlink only frequency for Rel-7 dual receiver UEs (FDD)

5.1.1.5
Architecture
Different archiectures can be imagined, depending on the level of integration of the overlay network together with the dedicated network. 
Figure 4 shows a network that is fully integrated, so the impact on counting and PtP establishment should be minimal.
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Figure 4: Network infrastructure of overlay MBMS with support of counting/PtP establishment
Figure 5 shows a scenario where the overlay network is managed by dedicated equipment and counting and PTP establishment are coordinated via the Iur interface.
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Figure 5: Network infrastructure of overlay MBMS with coordinated support of counting/PtP establishment on Iur
Figure 6 shows a scenario where the overlay network is managed by dedicated equipment, reducing the impact on the the UTRAN handling unicast services.
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Figure 6: Network infrastructure of overlay MBMS without support of counting
The choice of the architecture might not impact standards, and thus be an implementation choice.
5.1.2
FDD + TD-CDMA DL

Most 3G operators have at least one or more markets that have both paired spectrum and unpaired spectrum. By its very nature, FDD is well matched to symmetrical services and hence paired spectrum, whereas TDD is well matched to either symmetrical or asymmetrical services and hence unpaired spectrum. Given the high degree of asymmetry in MBMS traffic, a solution that utilises both paired and unpaired spectrum in an efficient manner can help maximise an operators spectrum assets for delivery of MBMS services. The purpose of this part of the study is to investigate the use of TDD as an overlay network to FDD network for delivery of MBMS services. This not only allows UMTS operators to offer to their subscribers MBMS services without impacting other voice and data services, but also provides to the operators an attractive way to fully utilise their existing unpaired spectrum. 

For the case when unpaired/TDD spectrum is dedicated to MBMS, all time slots in a radio frame are assigned as DL. However, if, it is deemed necessary that only a portion of the unpaired/TDD spectrum is to be allocated to MBMS, then through time slicing, the remaining non-MBMS slots can be assigned to other services (non-MBMS) in the radio frame (see Figure 7).  This provides a flexible operation scenario, thus providing a spectrum management according to the application demand. 
The UE which is capable of simultaneous reception of non-MBMS services over FDD and MBMS service over TDD downlink carrier is referred to as “FDD with Downlink Only TDD (FDOT)” in this document.
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Figure 7: Delivery of MBMS over unpaired/TDD spectrum.

MBMS over unpaired/TDD spectrum allows UMTS operators to offer to their subscribers MBMS services without impacting the performance of their other services, particularly those which are provided over paired spectrum. The additional functional and infrastructure requirements imposed by MBMS via overlay spectrum are analyzed based on the current Rel.6 MBMS framework.
5.1.2.1 
UE capability requirements for support of MBMS

Unpaired/TDD spectrum is used for the transmission of MBMS traffic and MBMS traffic related control information in downlink. All uplink communication could be carried over FDD spectrum. Thus, the minimum UE capability requirement for MBMS over unpaired/TDD spectrum is TDD/FDD dual receiver and FDD transmitter at the UE. We refer to this UE as an FDD with Downlink Only TDD (FDOT). The difference between an FDOT UE and a Rel.6 TDD UE in terms of receiving MBMS traffic on a TDD carrier is shown in Figure 7.

For the FDOT UE, 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 Rel.6 MBMS framework. 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
	


5.1.2.2 
Backwards compatibility

The network architecture for supporting an FDOT UE ensures backwards compatibility for both Rel.6 FDD and TDD UEs. For the FDOT UE, the MBMS control information is transmitted over the FDD spectrum and using the MBMS service announcement an indication of those MBMS services provided over TDD spectrum is signalled. Therefore, FDD UEs that are camped onto the FDD system are unaffected by the introduction of MBMS over TDD spectrum. The FDOT UEs with TDD/FDD dual receiver capability can camp onto the FDD system and receive MBMS service over TDD spectrum.
In order to guarantee backwards compatibility for Rel.6 (and earlier) TDD capable UEs, the non-MBMS services are made available over a portion of the TDD spectrum, effectively time slicing the TDD carrier as shown in Figure 7(b). Thus, the Rel.6 TDD UEs can camp onto the TDD system and operate normally. 

5.1.2.3 


Simultaneous TDD and FDD operation

The FDOT UE requires simultaneous operation of TDD RX and FDD TX/RX. The impact of supporting FDD and TDD in the same device and operating both technologies simultaneously needs to be considered. 
5.1.2.3.1 
Dual Receiver Requirements

Simultaneous operation of TDD and FDD in the same device requires a dual receiver. The TDD receiver in the FDOT UE 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.

5.1.2.3.2 
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.
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. 

5.1.2.4 
Scenarios

For support of the FDOT UE we consider the level of interaction required between the TDD and FDD networks. Two different deployment scenarios are selected for further investigation. Both scenarios are fully analysed in Section 6 with respect to;

· architecture/network implication,

· functions and procedures, 

· support of service continuity, 

· connection state of the UE, 

· specification impacts and 

· benefits and drawbacks. 

5.1.2.4.1 
Scenario 1: Non-integrated RAN

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. The control information with respect to the higher layer MBMS service announcement and service activation are communicated over FDD. While in the TDD coverage area, the FDOT UE can receive the MBMS services. As such, no interaction between TDD and FDD networks is required at the RAN level and no counting procedure is required. 
The non-integrated RAN architecture for MBMS over TDD spectrum is designed to ensure backwards compatibility for Rel.6 TDD UEs and FDD UEs (agnostic of the release).
This deployment scenario well suits the provision of MBMS broadcast applications such as mobile TV, where the same application content is broadcast at a given time everywhere in the network.

5.1.2.4.2 
Scenario 2: Integrated RAN

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. Note that the pre-defined threshold value may be one indicating at least one user has activated the MBMS service in the cell. This avoids the transmission of MBMS traffic in an empty cell.
The non-integrated RAN architecture for MBMS over TDD spectrum is designed to ensure backwards compatibility for both Rel.6 TDD and FDD UEs.
This deployment scenario requires interaction between TDD and FDD networks at the RAN level. This scenario not only provides MBMS service continuity at the edge of TDD coverage it also provides a better radio resource utilization and efficient spectrum management according to service demand in TDD spectrum. 
6
Analysis of the Proposals
Editor’s notes: The impact and gains of the different proposals should be analyzed in this section. The analysis of scenarios in this section might not be finalized.
6. 1
Dual Receiver UEs
6.1.1
FDD + WCDMA DL
6.1.1.1
Scenario 1: MBMS multicarrier Rel-6 network:

6.1.1.1.1
Impact
The following points need clarification in the standards and are proposed to be addressed during a work item phase:
· Counting
Since according to the proposed UE capabilities there is a capability for uplink transmission only on one frequency, and in order not to impact the behaviour of the network the UE is only allowed to respond to counting on the uplink frequency corresponding to the frequency where counting is indicated in the MCCH, thus the UE should not respond the counting initiated on frequencies that are received using the dual receiver capabilities.

· PtP establishment
Today when the UE initiates a RRC Connection setup / Cell Update message in order to respond to PtP bearer establishment request there is no indication of the related services. Therefore a network in Rel-6 should never expect a request for a MBMS PtP bearer on which it has not initiated a PtP bearer establishment. Therefore a dual receiver UE should today only respond to the PtP bearer establishment indication on the corresponding uplink frequency where PtP bearer establishment is indicated in the MCCH
· Frequency convergence

· Idle / Cell/URA_PCH / CELL_FACH state procedure
Frequency convergence is today performed in order to allow that UEs that are camping on a frequency on which a MBMS service is not broadcast to select to the frequency on which the service is broadcast. A dual receiver UE as defined above does in principle not need to follow the frequency convergence. However the network could perform counting, re-counting, or switch to PtP bearer at any time. In those cases the UE should answer always on the frequency corresponding to the frequency on which it as received the indication for counting / PtP establishment.


· CELL_DCH procedure
According to the Rel-6 specifications the UE should indicate to the network if its preferred frequency is different from the frequency that is currently used for dedicated services. However for a dual receiver UE, even if the priorized service is sent on a different frequency on a PtM bearer there is no real problem for this UE, and indicating to the network the wish to change frequency would have more drawbacks than advantages.
· MBMS cell selection:
In the case that a Rel-6 UE is performing frequency convergence it will follow the Rel-6 inter frequency cell selection rules. For a dual receiver UE there is today no explication on how it should select on which it would best receive MBMS MTCH / MSCH / MCCH / MICH using its dual receiver capabilities.

6.1.1.1.2
Analysis of the dual receiver UE behaviour

In the above scenario a UE with the above mentioned dual receiver capabilities the UE will always be able to receive the MBMS service it has subscribed. However in order to perform counting and PtP request the UE would still need to perform frequency convergence. The allowed UE behaviour in this case should be clarified in the specifications.

6.1.1.1.3
Backwards compatibility

This proposal is seen as completely backwards compatible, i.e. UEs with the dual receiver capability can operate on Rel-6 networks, and Rel-6 UEs can share the same network as dual receiver UEs.
· 6.1.1.2
Scenario 2: MBMS multicarrier Rel-6 network + optimisations for Rel-7 dual receiver UEs

6.1.1.2.1
Impact

The following points need clarification in the standards and are proposed to be addressed during a work item phase:

· Additional information on the BCCH / MCCH
In order to remove the drawbacks as mentioned above it is necessary that the UE can respond to the counting / MBMS PtP establishment on a different frequency / cell compared to the cell on which the UE is informed about the counting.

· Linking of counting response / PtP bearer request
Also in order to make sure that the RNC can link the counting response / PtP establishment request it is necessary that a UE with dual receiver capabilities that responds to messages received on a MCCH sent on a different cell compared to the cell that the UE is camping on includes some additional information to the message sent to the network.

· Dual receiver capability indication
A UE with dual receiver capabilities for UMTS is able to efficiently receive MBMS services and dedicated services in parallel. However in Rel-6 the network has no information on the limitations of a UE, or the extra freedom that the UE has in order to receive MBMS services. In the case that the UE is able to receive MTCH on a different frequency than the dedicated services it is important to inform the network of this capability, e.g. at RRC connection establishment or any other occasion.

· MBMS cell selection
One additional possibility to facilitate the dual receiver operation would be to link the MBMS cells on Freq B to the cell on Freq A that the UE is camping on. In this way for each cell that the UE is camping on in frequency A an indication would be given which cell or set of cells in frequency B are collocated, and thus restrict the number of cells from which the UE needs to choose for the reception of MBMS services

· Configuration information
In a further step parts of the configuration, e.g. MCCH, MTCH, MSCH and / or radio bearer configuration of the cells and services in the frequency B would be broadcast on the frequency A, such that a UE would only need to receive MTCH / MSCH on the frequency B, but neither BCCH nor MCCH

6.1.1.2.2
Analysis of the dual receiver UE behaviour

In the above scenario a UE with the above mentioned dual receiver capabilities will always be able to receive the MBMS service it has subscribed, without having any impact from MBMS services any more. This allows that the UE does not need to follow frequency convergence for any case, and thus there is no more impact for the UE for the case of simultaneous reception of dedicated and MBMS data.

6.1.1.2.3
Backwards compatibility

This proposal is seen as completely backwards compatible, i.e. UEs with the dual receiver capability can operate on Rel-6 networks, and Rel-6 UEs can share the same network as dual receiver UEs.

· 6.1.1.3
Scenario 3: Rel-6 network (single carrier or multicarrier) + separate independent MBMS downlink only frequency for Rel-7 dual receiver UEs (FDD)

6.1.1.3.1
Impact
The following points need clarification in the standards and are proposed to be addressed during a work item phase:

· Indication that MBMS services are provided
In order to allow to have a DL only carrier without receiver equipment it is possible to introduce for Rel-7 DL only MBMS carriers. In order to prevent Rel-6 UEs from reselecting to this DL only MBMS carrier it would be necessary that on this carrier some relevant SIBs are not sent, that they are blocked for operator use or any other possibility that prevents Rel-6 and earlier UEs to select to these cells
· Indication as MBMS DL only carrier
Once it is taken care of that UEs do not expect cells of Frequency B to provide dedicated service it is necessary that a specific indication broadcast that indicates to UEs that a given cell provides MBMS DL only services, such that UEs with dual receiver recognize the cells in this frequency as cells providing MBMS DL only carrier and listen to the MCCH / MTCH / MICH / MSCH of those cells.

· Optimization of dual receiver activation
In order to allow Rel-7 dual receiver MBMS UEs to discover MBMS DL only cells efficiently it is necessary to give a specific indication in a Rel-7 extension on BCCH or MCCH, e.g. a MBMS DL only cell info list. This list could also be limited to the cells MBMS DL only cells that have the same coverage as the cells that provide dedicated services. We believe that it should be possible to add inter frequency FDD as well as TDD cells in this extension. Apart from this the above sections cover the necessary extensions in order to allow to address dual receiver UEs.
Specific optimisations for backwards compatibility:

Although it would in principle be possible that UEs without dual receivers could receive MBMS services on a MBMS DL only spectrum (e.g. by moving back to the frequency providing regular services as soon as the UE receives paging messages on the MBMS DL only frequency or when the UE wants to initiate a call) there would be big limitations e.g. in terms of counting, and PtP establishment. Therefore it should be FFS whether it is worthwhile to specify behaviour for UEs without dual receiver capability that would be camping on MBMS DL only cells
6.1.1.4.2
Analysis of the dual receiver UE behaviour

Compared to the above scenarios this scenario does not really bring an advantage for the UE but rather for the network operation. This allows to deploy only the necessary elements for MBMS and allows therefore cost reductions for the deployment of an MBMS dedicated network.
6.1.1.4.3
Backwards compatibility

This proposal is not really backwards compatible, Rel-6 UEs can not use the standalone MBMS frequency, but they can continue to use the Rel-6 carrier. The standalone carrier can be used in order to map “enhanced” services that are linked to a UE with the necessary capabilities.
6.1.2
FDD + TD-CDMA DL
Editor’s notes: This section should contain impacts of FDD + TD-CDMA DL.
6.1.2.1 

Scenario 1: Non-integrated RAN
6.1.2.1.1 

Architecture/network implication

6.1.2.1.2 
Functions and procedures 

6.1.2.1.3 
Support of service continuity

6.1.2.1.4 
Connection state of the UE

6.1.2.1.5
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6.1.2.1.6
Benefits and drawbacks

6.1.2.2 
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6.1.2.2.4 
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7
Conclusions and Recommendations
Editor’s notes: This section concludes this feasibility study and describes which technical schemes of section 4 are recommended to further enhance MBMS in the scope of this study item.
7.1
Conclusions
7.1.1 
Dual Receiver UEs

7.1.1.1 
FDD + WCDMA DL
7.1.1. 2
FDD + TD–CDMA DL

7.2
Recommendations
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Frequency B:�MBMS service and dedicated services UL and DL
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Operating band for FDOT UEs







Operating band for Rel.6 TDD UEs
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(b). Only a portion of Unpaired/TDD spectrum is used for the purpose of delivery of MBMS traffic
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Frequency B:�MBMS service and dedicated services UL and DL
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Frequency B:�MBMS service DL only
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