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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

Editor’s Note: This clause will describe the scope of the feasibility study.
The present document studies enhancements to the 3GPP system and UE procedures that are meant to cover essential functionality to enable new TV services by a 3GPP network. The scope of the work has three main components: 

-
A broadcast component where mechanisms to enable decoupling of content, MBMS service and MBMS transport, allowing the system to: offer eMBMS transport only, a shared eMBMS network between MNOs, broadcast only TV service to devices with no MNO subscription, will be studied.

-
A unicast component, in which MNO subscription for TV service is required, where mechanisms for broadcast/unicast fall-back support, consumption-based switching between unicast/broadcast, and system enhancements for providing guaranteed QoS across large geographical areas will be studied. 

-
An MBMS user service exposure to 3rd party server, in which mechanisms in order to enable delivery of TV content based on the information provided by the 3rd party content/service providers, e.g. the expected broadcast area and time will be studied.

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 TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP TS 22.101: "Service aspects; Service principles ".
[3]
3GPP TS 23.246: "Multimedia Broadcast/Multicast Service (MBMS); Architecture and functional description".
[4]
3GPP TS 36.440: "General aspects and principles for interfaces supporting Multimedia Broadcast Multicast Service (MBMS) within E-UTRAN".
3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1], TS 22.101 [2], and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

Shared eMBMS network: A network shared by multiple PLMNs that provides eMBMS services. The Shared eMBMS network consists of the following shared network elements: BM-SC, MBMS-GW, MCE, and MME. The shared eMBMS network may also include shared eNBs.  
Receive Only Mode: A UE configuration option that allows a UE to receive only eMBMS broadcast service without the need to access and register with the PLMN offering the eMBMS service. . When the UE is configured in this mode, the UE shall camp on a network cell in an eMBMS Broadcast carrier that indicates that eMBMS receive only mode is enabled, when available. The UE shall refrain from any Mobility Management or other signalling with the network offering eMBMS. The UE uses the acquired system information to receive eMBMS broadcast. Use of Receive Only Mode does not require USIM for the UE. 

Receive Only Mode with independent unicast: A UE configuration option that allows a UE to operate as Receive Only Mode (as defined above) for eMBMS broadcast service, and independently follows regular NAS/RRC procedures for unicast service with a PLMN. This mode of operation requires USIM and PLMN subscription to receive unicast service. No additional subscription or credentials are required to receive eMBMS broadcast service.
3.2
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

FMSS
Flexible Mobile Service Steering

4
Key Issues
4.1
Key Issue #1: Support of Free-to-Air (FTA) service over 3GPP
One main new business opportunity for 3GPP MNOs is to deliver Free-To-Air (FTA) TV content in a region or country. Free-to-air (FTA) has traditionally been described as television  (and radio) services broadcast in clear unencrypted form, allowing any person with the appropriate receiving equipment to receive the signal and view or listen to the content without requiring a subscription, other ongoing cost or one-off fee (e.g. Pay-per-view). 

FTA also refers to channels and broadcasters providing content for which no subscription is expected, even though they may be delivered to the viewer/listener by another carrier for which a subscription is required, e.g. when unicast is used. During the last years and in particular in IPTV and OTT type of deployments, the FTA model has evolved in many cases to "no additional subscription needed", for instance, the user has a Fixed Broadband Subscription and can receive the FTA services as complement, i.e. without additional subscription, Users may even get appropriate reception equipment offered by the operator and without charges as add-on to already available subscription. A typical realization is to zero-rate TV service related unicast traffic.

The aspect is here that the operator has a business agreement with the TV Channel provider in order to offer the TV service at a certain QoS to all subscribers in the coverage. It is assumed that the QoS of MBMS bearer is GBR, nevertheless the operator may adjust transmission parameters according to radio conditions, load, and/or interference. The service quality may be TV channel specific.
The content provider may pay a commission, similar to today’s TV distribution systems. The MNO is interested to optimize transmission resource demand based, i.e. use MBMS only in areas and during times of high interest. The MNO carries the TV service using unicast bearers in areas, where MBMS is not activated,

Free-to-Air has the following characteristics:

· Charging: Free to air (FTA) implies the program can be received at no associated cost. If unicast is used, The MNO may zero rate any unicast related traffic.
· Subscription aspects (This part is related to key issue #2): 

-
For broadcast only service: The programs are receivable by all receivers, with no MNO subscription required. 

-
For broadcast+unicast service: The programs are receivable by all subscribers of the MNO and roaming subscribers of other MNOs with roaming agreement, with no additional subscription required. 
Solutions for this key issue should study how the 3GPP system can fulfil these characteristics where applicable.  
4.2
Key Issue #2: Broadcast Only service for UEs with no MNO broadcast subscription

For TV service, a 3GPP MNO may work in conjunction with one or more TV broadcasters to deliver TV content to devices which do not necessarily need to have MNO subscription. For example, eMBMS capable devices/receivers may be added to TV sets to receive TV content delivered via eMBMS. 

This key issue is limited to broadcast delivery only. The UE shall be able to receive TV content via eMBMS without the need to authenticate with the broadcasting 3GPP system. 

In addition, a UE may have MNO subscription for unicast service with a PLMN 1, but receive MNO broadcast only service from a second PLMN without the need for MNO broadcast subscription to the second PLMN nor roaming agreement between the two PLMNs. 
A solution to this key issue shall provide the following:

-
How the UE is configured with information necessary to receive TV content via eMBMS, e.g. eMBMS frequencies, service specific information. 

-
Means for MNO to enable this service based on policy.

-
The UE procedures to receive TV content in this scenario. 

4.3
Key Issue #3: Support of Shared eMBMS functions. 

One possibility to allow a 3GPP system to meet the high demands of HD TV content delivery and reduce operating cost is that resources and eMBMS functions are shared across multiple MNOs. There are multiple possible needs that can lead to MNOs agreeing on such collaboration: (a) Multiple MNOs in a same country/region sharing resources to meet the requirements of an incumbent TV broadcaster to migrate to 3GPP based TV delivery. (b) Multiple MNOs owning a same content to be provided to UEs subscribed to one MNO within the group of MNOs, and sharing cost of content ownership. In this case MNOs act as both content owner and content delivery entity.

A solution for this key issue should provide means for allowing shared eMBMS network functions between MNOs in order to enable delivery of broadcast content across the MNOs, including the case that one of the PLMNs is configured only for broadcast service. Depending on the use case, the broadcast content across the MNOs may be available only to UEs with cellular subscription within the group of MNOs, or open to UEs with and without MNO subscription.
4.4
Key Issue #4: Decoupling of content, MBMS service and MBMS transport functions. 

Some TV broadcasters/ 3rd party video content delivery entities may be interested in managing the content and service aspects of video/TV delivery, e.g., due to more easy migration from a previous TV transport mechanism to TV delivery via 3GPP network. The 3rd party video provider delivers the content as e.g. DVB-IPI compliant TV channel to the 3GPP system
The basic assumption is that the 3rd party video content delivery entity agrees a long relation with the 3GPP system for 24/7 type of broadcast of one or more TV channels. The number of TV channels is assumed to be constant over a long period of time (e.g. months or even years). It is assumed that the QoS of MBMS bearer is GBR, nevertheless the operator may adjust transmission parameters according to radio conditions, load, and/or interference. The service quality may be TV channel specific.

Solutions to the key issue will satisfy two different scenarios:
-
The 3rd party video provider delivers the content as e.g. DVB-IPI compliant TV channel to the 3GPP system and the 3GPP system transforms the content stream into a 3GPP compliant stream to be consumed by 3GPP compliant TV receivers. The 3GPP specifications clearly defines the mapping of every DVB-IPI define information element for instance carriage and handling of program / channel specific EPG information and other DVB defined events or messages.
-
The 3rd party video provider delivers the content as e.g. DVB-IPI compliant stream and the 3GPP system carries the stream without modifying the UDP payload or even RTP payload. The 3GPP system may change the IP level parameters such as IP destination address and UDP port according to a delivery agreement. The service access information (e.g. DVB-IPI defined SDP file) is extended with 3GPP information such as TMGI or APN information.


5
Architectural Requirements
Editor’s Note: This clause will list architectural requirements for enhancements for TV service.
6
Solutions 
Editor’s Note: This clause will contain a list of potential solutions for enhancements for TV service.
6.1
Solution 1: Shared eMBMS network 

Editor’s Note: This clause contains a solution to one or more key issues for enhancements for TV service.
6.1.1
Description

Editor's Note: Include the Key issue # the solution is covering. Describe the solution. Sub-clause(s) may be added to capture details, procedural flow etc. 

This solution aims to cover Key issue #3 "Support of Shared eMBMS functions".  

The solution proposes a common eMBMS network shared among participating PLMNs as shown in Figure 6.1.1.-1.
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Figure 6.1.1-1: Network architecture with shared eMBMS Network

In Figure 6.1.1-1 the Shared eMBMS network (SEN) is depicted in yellow, leveraging current eMBMS network functionality: BM-SC, MBMS-GW, MCE and MME, and corresponding interfaces between network elements. 

The SEN provides an interface towards the Content Provider and the 3GPP system via the BM-SC. 

NOTE: The details of the interface between the BM-SC and the content provider is to be covered in a separate solution. 

The BM-SC can provide full service layer functionality or act only in transparent mode for the case of eMBMS as transport only. 
On the user plane path:

-
The MBMS-GW connects to E-UTRAN via the following reference points:

- 
M1*: a reference point based on M1, between the SEN MBMS-GW and a participating PLMNs eNBs. In that respect, it is considered an inter-PLMN interface.

-
M1: as defined in TS 23.246, if the E-UTRAN is also shared, i.e. if the RAN and CN of the shared eMBMS network is self-contained.

-
All eNBs from all participating PLMNs broadcast the eMBMS content in a shared spectrum (F3 in the example of Figure 6.1.1-1). This can be provided in RAN via SCell or Standalone Pcell. 

Editor’s note: The RAN details on how eMBMS for TV  is broadcasted. e.g. which channel is used, and whether it can be provided via SCell or Pcell needs to be corroborated with RAN WGs.

On the control plane path:

-
The MME is part of the shared eMBMS network (SEN) and needs to fulfil only the functions needed for MBMS and defined in TS 23.246[3].

-
The MCE also belongs to the SEN. 

-
The reference point between the MCE and MME in the SEN is M2, as defined in TS 36.440[4]. 

-
If MBSFN is used across participating PLMNs, the sync protocol for MBSFN is also common across the participating PLMNs and controlled by the MCE. 

-
The reference point between MCE and eNB is:

-
M3*: a reference point based on M3, between the SEN MCE and participating PLMNs eNBs. In that respect, it is considered an inter-PLMN interface.

-
M3: as defined in TS 36.440[4], if the eNB is also shared, if the RAN and CN of the shared eMBMS network is self-contained. 

For case (a) in Key issue #3, all authorized devices regardless of the serving PLMN they use for unicast services can access the content provided from the shared eMBMS network. The broadcast content can also be potentially accessed by UEs with no subscription as long as they are configured to operate in “Receive Only Mode”  or "Receive Only Mode with independent unicast" (See Solution #2 in 6.2). In that case there is no service protection provided by BMSC. 

For case (b) in Key issue #c, the content is limited to UEs with valid subscription to a participating PLMN, service protection may be enabled. 

Different scenarios can be supported from the perspective of the UE:

UE Scenario 1: The UE receives both unicast and broadcast service from same PLMN.

UE Scenario 2: The UE receives broadcast eMBMS service only with no unicast service, i.e., the UE has no valid MNO subscription. 

UE Scenario 3: The UE receives unicast service from one serving PLMN’s (e.g. the MNO for which it has unicast subscription), and receive eMBMS service through a different PLMN. 

No MBMS reception report and file repair is required for any of these cases.

For UE Scenario 1, the UE follows the same procedures as currently defined in TS 23.246[3] , i.e., the UE shall perform registration and be in EMM-REGISTERED. Service announcement, MBMS session start/stop procedures are as in TS 23.246[3].

For UE Scenario 2, the UE acts in Receive Only mode as defined in Solution #2 in 6.2. The eNB indicates whether receive only mode is allowed via system information broadcast. 

For UE Scenario 3, the UE performs registration with the PLMN for which it has unicast service (e.g. PLMN 1). 

There are two possibilities:

Option 1: The UE acts as Receive Only Mode with independent unicast as defined in Solution #2 in 6.2.
Option 2: The eNBs from PLMN1 provide shared eMBMS frequency, PLMN for eMBMS, TMGI(s) in system information broadcast.  The UE registers with PLMN 1, and stays in EMM-REGISTERED. The UE then acquires from the eNB of PLMN 1 all necessary information for eMBMS service provided from PLMN 2. 

Editor’s note: How the UE deals with time offset between PLMN 1 cell (camped for unicast service) and PLMN 2 (for eMBMS broadcast service) is FFS.

6.1.2
Impacts on existing nodes and functionality
Editor's Note: Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW etc.).

In Network:

-
New inter-PLMN interfaces M1*, M3*

NOTE: the external interface of the SEN BM-SC is to be covered in a separate solution. 

In UE:

-
New acquisition procedure required depending on UE scenario. 
6.1.3
Solution Evaluation

Editor's Note: Use this section for evaluation at solution level. Evaluation at key issue level is done in a separate clause.
6.2
Solution #2: Broadcast Only service for UEs with no PLMN broadcast subscription
Editor’s Note: This clause contains a solution to one or more key issues for enhancements for TV service.
6.2.1
Description

Editor's Note: Include the Key issue # the solution is covering. Describe the solution. Sub-clause(s) may be added to capture details, procedural flow etc. 

6.2.1.1 System aspects and UE behaviour

This solution aims to cover Key issue #a "Broadcast Only service for UEs with no PLMN broadcast subscription" 

For this solution any device that is equipped with eMBMS broadcast receiver and is configured to operate in Receive Only Mode is able to receive the broadcast content, with the following characteristics
-
No PLMN credentials/subscription are required.

-
Without PLMN credentials/subscription, the UE can only access broadcast services without subscription. The content can be Free To Air (FTA) content as defined in TS 22.101 [2] in which case it can be viewed without content subscription.
-
For Broadcast Only Mode, there is no need for the UE to support uplink, i.e. it can work as a downlink only solution.

NOTE:
It is possible though that there is content protection handled at application layer, e.g. for subscribed content. In that case security is provided at application layer, and keys, etc., are provisioned out of band. This provisioning is out of scope of 3GPP.
For broadcast only service with no subscription, the eMBMS broadcast system information needs to be made available to the UE operating in Receive Only Mode without any need for the device to access the network. The UE is preconfigured with all the necessary information for the UE to acquire the system information and receive eMBMS service. This information includes:

-
PLMN ID(s) that provide the eMBMS service

-
TMGI(s) 

-
RAN specific information 

NOTE: Which RAN specific information needs to be configured in the UE requires feedback from RAN1/RAN2/RAN3.

Figure 6.2.1.1-1 shows the components of a UE in Receive Only Mode and in Receive Only Mode with independent unicast.
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Figure 6.2.1.1-2: UE components in Receive Only Mode and Receive Only Mode with independent unicast.
The unicast component is active only in Receive Only Mode with independent unicast.  The unicast component follows regular NAS/RRC procedures for E-UTRAN/EPC in order to receive unicast service.

Figure 6.2.1.1-2 shows a schematic of the UE’s Broadcast component behaviour for Receive Only Mode and Receive Only Mode with independent unicast.: 
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Figure 6.2.1.1-2: UE behaviour

For the broadcast component UE is configured with eMBMS radio resources for TV service with no PLMN subscription. It may also be configured with service specific and content specific configuration. The UE operating in Receive Only Mode scans the configured eMBMS radio resources and performs system acquisition. The broadcasted system information contains information about whether eMBMS Receive Only Mode is supported in the cell.  The UE shall camp on a network cell in an eMBMS Broadcast carrier that indicates that eMBMS receive only mode is enabled, when available. The UE shall refrain from any Mobility Management or other signalling with the network offering eMBMS. A UE configured for Broadcast Only Mode shall not camp on a cell that does not indicate that eMBMS receive only mode is enabled.
6.2.1.2
RAN specific aspects (Informative)

There are two possibilities for eMBMS TV support at radio access network:

Option 1: eMBMS as Supplemental Downlink (SDL) carrier 

-
The eMBMS SDL carrier does not support any system information. 

-
The UE acquires the system information through primary carrier/cell  
-
The system information from the primary carrier can be acquired by the UEs without associated PLMN subscriptions. There is no need to access and connect to the primary carrier to receive the necessary information for eMBMS service in the SDL carrier. 

-
In this case, the UE is in addition configured with frequency bands for primary carriers per PLMN.
Option 2: System information broadcasted in eMBMS carrier
 

· The UE receives all system information in eMBMS carrier.

· In this case, the UE is configured in addition with the eMBMS carrier frequency bands per PLMN. Note that in case of shared eMBMS across multiple PLMNs, the same eMBMS carrier frequency will be configured for the participating PLMNs.  

NOTE: Feedback from RAN1/RAN2/RAN3 is needed for support of these options. In particular, how to prevent a legacy UE for camping in a cell that offers only eMBMS service and no unicast service is to be solved in RAN1.

From system perspective, Option 2 is preferable, as the UE needs to only acquire and receive in the eMBMS frequency band. This makes it simpler particularly in the case of shared resources, as in Option 1 the UE could potentially need to be configured with all possible primary carrier frequencies from all PLMNs sharing eMBMS resources, as opposed to option 2, where the eMBMS frequency bands are independent of the PLMN that is broadcasting. 

6.2.2
Impacts on existing nodes and functionality
Editor's Note: Capture impacts on existing 3GPP nodes and Functional elements (e.g. UE, MME, eNB, S-GW, P-GW etc.).

On UE:

-
Support of eMBMS Receive Only Mode.

-
General configuration for UE operating in Receive Only Mode and Receive Only Mode with independent unicast.

-
Configuration of eMBMS radio resources for Receive Only Mode

-
System acquisition in eMBMS radio resources

-
Cell selection based on support of eMBMS Receive Only Mode indication
On eNB:
-
Indication of support for eMBMS Receive Only Mode

NOTE 1: Feedback from RAN1/RAN2/RAN3 is needed.

NOTE 2: There may be more RAN specific impacts which are not covered in this TR. 

6.2.3
Solution Evaluation

Editor's Note: Use this section for evaluation at solution level. Evaluation at key issue level is done in a separate clause.
7
Overall Evaluation
Editor’s Note: This clause will provide evaluation of different solutions.
8
Conclusions

Editor's Note:
This clause is intended to list conclusions that have been agreed during the course of the work item activities. This should also capture the guiding principles and documentation approach for creating CRs to normative specifications within the responsibility of SA2.
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