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Introduction

The Study on System Architecture Enhancements to eMBMS for Television Video Service  (Release 14) TR 23.746 scope includes the following unicast component aspect

-
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.

Stage 1 TS 22.201 includes a number of related requirements that should be fulfilled by the architecture. Notably:
· The 3GPP network shall allow the MNO to authenticate a subscriber before providing TV transport services via unicast.

· The 3GPP network shall be able to provide FTA TV services receivable by UEs subscribed to the MNO and roaming UEs of other MNOs.

· The 3GPP network shall provide the ability for an MNO to meet regulatory requirements for privacy and non-identification of a receiving user by entities outside of the MNO.

· NOTE: The MNO is responsible for maintaining the privacy of personal usage data collected as a result of providing access to the TV services.

· The 3GPP network shall provide mechanisms to restrict the reception of some or all Subscribed TV services to groups of subscribers (e.g. based on the recipients of the services are subscribers of the MNO, roaming subscribers of other MNOs, or not subscribed to any MNO).

· The 3GPP network shall allow the MNO to provide a TV service in a resource efficient manner over a large area up to the size of a country.

Also

· The 3GPP network shall be able to convert network unicast capacity to network broadcast capacity and vice versa so that each can range from 0% to 100% of the capacity.

And also

· The 3GPP network shall enable an MNO to inform a 3rd party of the result (e.g., selected media format information, mode of content delivery (broadcast only, broadcast/unicast fall-back support, consumption-based switching between unicast/broadcast), QoE of content delivery, cached content indication) of delivering a TV service to a user.

And finally

· The 3GPP network shall allow a UE to receive unicast TV content using existing TV antenna equipment, at least for the downlink

The following discussion introduces a key issue and solution around Unicast for enhanced TV.
Discussion

TV services have migrated from pure-broadcast TV services to other access systems in particular IP delivery. TV services are today often operated over 3GPP unicast access and the unicast component of Enhanced TV is expected to provide improvements to its operation in conjunction with the use of broadcast access.

TV channel providers want to reach all subscribers in a large geographical area (typically a country) in a cost efficient way. Today can they sometimes rely on Content delivery Networks and OTT applications to provide their audio/video streams to users over unicast. The users have both an MNO subscription and a form of subscription/association with the TV channel provider. This is termed as OTT TV. TV channel providers can also have Service Layer Agreements with MNOs such that the management of the content distribution is under MNO’s responsibility and can be achieved as unicast and/or broadcast. This is termed as Managed TV.

The term “shared MBMS” is used where UEs support MBMS broadcast reception independently from the MNO subscription. For instance, a UE with a subscription to MNO2 can receive the MBMS broadcast transmission provided by MNO1 (also utilizing radio resources of MNO1).

One improvement/enhancement would be for the TV channel provider and /or broadcast network operator to control the distribution of the content either as unicast or broadcast. Assuming a shared MBMS network is operated by one MNO (say MNO1) and other MNOs only operate unicast.
____________________            
TV Channel          | --------> | MNO1 |<----UC-----> UE1 (MNO1)

Broadcast Operator  |           | MNO1 |-----BC-----> UE2 (MNO2)

                    | --------> | MNO2 |<----UC-----> UE3 (MNO2)

____________________
Figure 1: Broadcast and Unicast TV

In figure 1, UE1 and UE3 are not in the broadcast coverage of MNO1 for the TV service while UE2 is under broadcast coverage of MNO1. UE1 is subscribed to MNO1 and receives TV via the unicast operated by MNO1. UE2 is subscribed to MNO2 and receives TV via shared MBMS operated by MNO1. UE3 is subscribed to MNO2 and receives TV via unicast operated by MNO2. 
Scenario 1: Shared MBMS for broadcast and OTT TV for unicast: Here, the TV channel provider decides dynamically, when and where to use MBMS Broadcast for service distribution. When the popularity is low, then the TV channel provider terminates shared MBMS and uses OTT TV unicast for the service. The TV channel provider provides the content stream for MBMS Broadcast activated TV channels to MNO1. 

____________________            
TV Channel          | --ch1(bc)/ch2(uc)--> | MNO1 |<--UC-ch1/ch2--> UE1 (MNO1)

Broadcast Operator  |                      | MNO1 |--BC-ch1-------> UE2 (MNO2)

                    | ---all(uc)---------> | MNO2 |<----UC--------> UE3 (MNO2)

____________________
Figure 2: scenario 1
Although dependent on a business arrangement, the provisioning between the TV Operator/Broadcast operator and the MNO could be specified such as to avoid multiple implementations for a single TV channel provider/ Broadcast network operator across MNOs. The MNO can offer popularity/audience measurements along with UE location information derived from HTTP based QoE or Consumption reporting (see TS 26.346 [xx]) such that the dynamic change between Unicast and Broadcast can be performed.

Scenario 2 for dedicated TV devices: Shared MBMS for Broadcast and Managed TV for unicast for dedicated TV devices: Here, new, dedicated TV devices are deployed and a single MNO manages the offering. The TV channel/Broadcast network operator has an SLA with MNO. The dedicated TV receiver includes a TV-Service subscription associated with the MNO subscription, which allows tuning to unicast and MBMS Broadcast. Dedicated TV Receive only devices are also covered in this scenario but cannot tune in to Unicast. The TV channel provider provides a single content stream per TV channel and the MNO decides, based on popularity, when to use MBMS broadcast and when to use unicast for a given channel. The MNO may, for example, also use MBMS operation on demand (MooD) to perform this optimization.

____________________            
TV Channel          |---ch1/ch2--->| MNO1 |<--UC-ch1/ch2-> TV only UE1 (MNO1)

Broadcast Operator  |              | MNO1 |---BC-ch1-----> TV/Rx only UE2 (MNO1)

____________________
Figure 4: scenario 2: dedicated TV UEs
Scenario 3 for multi-purpose devices (e.g. SmartPhones and Tablets): Scenario 2 is focusing on dedicated TV devices, whether the device is tailored to only render the TV service. Scenario 3 is focused on Multi-Purpose devices, where the device can be used for TV Services but also for other 3GPP Services.

When unicast is selected, there are two sub-realizations. 

Scenario 3a for two logical UEs integrated in the same device: the user has separate subscription info for TV services and Mobile Broadband service: The device has different subscription info for TV unicast consumption and can select the correct unicast resources for consumption. Due to the TV service subscription, the resources of the MNO are always used. Here, a device contains two logical UEs, which are integrated by the device vendor. 

____________________            
TV Channel          |---ch1/ch2--->| MNO1 |<--UC-ch1/ch2-> UE1 (MNO1/TV1)

Broadcast Operator 1|              | MNO1 |---BC-ch1-----> UE2 (MNO1/TV1)

____________________
Figure 5: scenario 3a: two logical UEs integrated in the same device
Scenario 3b for generic Smartphones: Common subscription info (i.e. no extra subscription info for TV service): The MNO has an agreement with all involved MNOs so that all TV service requirements with regards to quality, content availability, charging etc. are fulfilled. Key difference compared to Scenario 3a is that the device is not realized as two logical UEs. Instead, the device may use for instance two separate APNs, one for TV services and another for Mobile Broadband services so that charging and other network function can be realized independently.  

____________________            
TV Channel          |---ch1/ch2--->| MNO1 (APN TV)|<--UC-ch1--> UE1 (MNO1)

Broadcast Operator 1|              | MNO1 (APN TV)|---BC-ch1--> UE2 (MNO2)

                    |              | MNO1 (APN MBB)|<---------> UE1 (MNO1)

____________________
Figure 6: scenario 3b: for Smartphones/tablets UEs
Proposals
************ Proposed Changes to the TR 23.746*****************
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*************Second change************

4.x
Key Issue #xx: Unicast Delivery of TV Services
TV channel providers want to reach all subscribers in a large geographical area (typically a country) in a cost efficient way. Today they can sometimes rely on Content delivery Networks and OTT applications to provide their audio/video streams to users over unicast. The users have both an MNO subscription and a form of subscription/association with the TV channel provider. This is termed as OTT TV. TV channel providers can also have Service Layer Agreements with MNOs such that the management of the content distribution is under MNO’s responsibility and can be achieved as unicast and/or broadcast. This is termed as Managed TV.

From a UE point of view, the term “shared MBMS” is used where UEs support MBMS broadcast reception independently from the MNO unicast subscription. For instance, a UE with a subscription to MNO2 can receive the MBMS broadcast transmission provided by MNO1 (also utilizing radio resources of MNO1).

One improvement/enhancement would be for the TV channel provider and /or broadcast network operator to control the distribution of the content either as unicast or broadcast. Assuming a shared MBMS network is operated by one MNO (say MNO1) and other MNOs only operate unicast.
____________________            
TV Channel          | --------> | MNO1 |<----UC-----> UE1 (MNO1)

Broadcast Operator  |           | MNO1 |-----BC-----> UE2 (MNO2)

                    | --------> | MNO2 |<----UC-----> UE3 (MNO2)

____________________
Figure 4.x-1: Broadcast and Unicast TV

In Figure 4.x-1, UE1 and UE3 are not in the broadcast coverage of MNO1 for the TV service while UE2 is under broadcast coverage of MNO1. UE1 is subscribed to MNO1 and receives TV via the unicast operated by MNO1. UE2 is subscribed to MNO2 broadcast services and receives TV via shared MBMS broadcast operated by MNO1. UE3 is subscribed to MNO2 and receives TV via unicast operated by MNO2. 
Scenario 1: Shared MBMS for broadcast and OTT TV for unicast: Here, the TV channel provider decides dynamically, when and where to use MBMS Broadcast for service distribution. When the popularity is low, then the TV channel provider terminates shared MBMS and uses OTT TV unicast for the service. The TV channel provider provides the content stream for MBMS Broadcast activated TV channels to MNO1 (see Figure 4.x-2). 

____________________            
TV Channel          | --ch1(bc)/ch2(uc)--> | MNO1 |<--UC-ch1/ch2--> UE1 (MNO1)

Broadcast Operator  |                      | MNO1 |--BC-ch1-------> UE2 (MNO2)

                    | ---all(uc)---------> | MNO2 |<----UC--------> UE3 (MNO2)

____________________
Figure 4.x-2: scenario 1

Although dependent on a business arrangement, the provisioning between the TV Operator/Broadcast operator and the MNO could be specified such as to avoid multiple implementations for a single TV channel provider/ Broadcast network operator across MNOs. The MNO can offer popularity/audience measurements along with UE location information derived from HTTP based QoE or Consumption reporting (see TS 26.346 [xx]) such that the dynamic change between Unicast and Broadcast can be performed.

Scenario 2 for dedicated TV devices: Shared MBMS for Broadcast and Managed TV for unicast for dedicated TV devices: Here, new, dedicated TV devices are deployed and a single MNO manages the offering. The TV channel/Broadcast network operator has an SLA with MNO. The dedicated TV receiver includes a TV-Service subscription associated with the MNO subscription, which allows tuning to unicast and MBMS Broadcast. Dedicated TV Receive only devices can exist in this scenario but cannot tune in to Unicast. The TV channel provider provides a single content stream per TV channel and the MNO decides, based on popularity, when to use MBMS broadcast and when to use unicast for a given channel. The MNO may, for example, also use MBMS operation on demand (MooD) to perform this optimization (see Figure 4.x-3).

____________________            
TV Channel          |---ch1/ch2--->| MNO1 |<--UC-ch1/ch2-> TV only UE1 (MNO1)

Broadcast Operator  |              | MNO1 |---BC-ch1-----> TV/Rx only UE2 (MNO1)

____________________
Figure 4.x-3: scenario 2: dedicated TV UEs

Scenario 3 for multi-purpose devices (e.g. SmartPhones and Tablets): Scenario 2 is focusing on dedicated TV devices, whether the device is tailored to only render the TV service. Scenario 3 is focused on Multi-Purpose devices, where the device can be used for TV Services but also for other 3GPP Services (see Figure 4.x-4).

Common subscription info (i.e. no extra subscription info for TV service): The MNO has an agreement with all involved MNOs so that all TV service requirements with regards to quality, content availability, charging etc. are fulfilled.  
____________________            
TV Channel          |---ch1/ch2--->| MNO1 (APN TV)|<--UC-ch1--> UE1 (MNO1)

Broadcast Operator 1|              | MNO1 (APN TV)|---BC-ch1--> UE2 (MNO2)
                    |              | MNO1 (APN MBB)|<---------> UE1 (MNO1)

____________________
Figure 4.x-4: scenario 3: for Multipurpose UEs

This key issue will address:

· possible mechanism to allow for unicast delivery of TV content and standardised mechanism to allow for the various scenarios described above;

· service continuity when UEs move from service areas of broadcast to unicast.

*************Third change************

6.x Solution XX: Unicast delivery for TV Services

6.x.1 Description
The users who are allowed to receive TV services will require subscription for the TV services in the HPLMN MNO.
Scenario 1: Shared MBMS for broadcast and OTT TV for unicast considering Multi-Purpose devices: Here, the TV channel provider decides dynamically, when and where to use MBMS Broadcast for service distribution. When the popularity is low, then the TV channel provider terminates shared MBMS and uses OTT unicast for the TV service. The TV channel provider provides the content stream for MBMS Broadcast activated TV channels to MNO1. 

 
[image: image6.png]



Figure 6.x.1-1: Network Architecture for Scenario 1: Shared MBMS for Broadcast and OTT TV for unicast 

In Figure 6.x.1-1 the Network Architecture for Scenario 1, Shared MBMS for Broadcast and OTT TV for unicast, is depicted, leveraging current eMBMS network functionality: BM-SC, MBMS-GW, E-UTRAN and MME, and corresponding interfaces between network elements. The functions for unicast TV offerings are provided by the Content Provider and not depicted separately.

For unicast data, the Content Provider uses regular OTT unicast. For MBMS Broadcast, the Content Provider provides the content of the TV channel via a User Plane Interface (UP). 

Note that the Content Provider may have an agreement with MNO2 in order to zero-rate TV service data.

The figure depicts three UEs, UE1, UE2 and UE3, which are subscribed to either MNO1 or MNO2. 

· UE1 which belongs to MNO1 is capable of using unicast or MBMS as defined today. 

· UE2 and UE3 belong to MNO2. When the UE is inside of the MBMS Broadcast coverage (here UE2), then the UE connects to the MBMS Broadcast by MNO1. When the UE is outside of the MBMS Broadcast Coverage (UE3), then the UE connects to the TV Service using its default mode.  

In case popularity based switching according to MBMS operations on Demand (MOOD, 3GPP TS 26.346 [xx]) is supported, then:

· The Content Provider is monitoring the service popularity for OTT unicast, for each MNO separately. 

· When unicast TV service usage of a channel is high in a certain area, the Content Provider interacts with MNO1 via a dedicated provisioning interface (PP) in order to activate MBMS Broadcast in the identified area. 

· In order to monitor popularity in the MBMS Broadcast Areas, the MNO is exposing popularity information (derived from HTTP Consumption Reporting, 3GPP TS 26.346 [xx]) to the Content Provider via a dedicated Provisioning Plane (PP) Interface. The Content Provider may decide to terminate the on-going MBMS broadcast in an area. Remaining UEs continue on OTT Unicast.

Editor's Note: Detailed realization of the new User Plane (UP) and Provisioning Plane (PP) interfaces are for further study. 
Scenario 2 for dedicated TV devices:  The TV channel/Broadcast network operator has an SLA with a unique MNO. The dedicated TV receiver includes a TV-Service subscription associated with the MNO subscription, which allows tuning to TV unicast and MBMS Broadcast. Dedicated TV is a TV-Receive-only device and cannot be used for other services. 


[image: image2]
Figure 6.x.1-2: Network Architecture for Scenario 2: Dedicated TV Devices

In Figure 6.x.1-2 the Network Architecture for Scenario 2 is depicted. The Content Provider provides the user plane data for the TV channel to the MNO. The MNO makes the TV content available through the PSS server (aka CDN for unicast delivery, 3GPP TS 26.234 [xy] and 3GPP TS 26.247 [xz] for 3GP DASH) and also through MBMS (3GPP TS 26.346 [xx]). The PSS server uses 3GP-DASH formats for unicast delivery.
Note that shared MBMS aspects are not shown since this scenario depicts MBMS provided by the MNO itself independently and not related to the scenario as such and can be applied as well.
The MNO manages the dedicated TV service UEs. Figure 6.x.1-2 depicts two UEs in different conditions: TV UE1 is receiving the TV content using unicast. The operator may zero rate or discard any charging related information.

In case popularity based switching according to MBMS operations on Demand (MOOD, 3GPP TS 26.346 [xx]) is supported, then:

· The MNO monitors the TV service consumption per channel in areas and decide to use unicast or MBMS broadcast usage. 

According to the agreement between the Content Provider & the MNO, the MNO may provide usage information to the Content Provider. When legislation requires anonymous reception then the operator is anonymizing any TV subscription information.

Editor's Note: Detailed realization of the new User Plane (UP) interface is for further study. It should also be studied, whether additional provisioning of usage information should be exchanged.

Scenario 3 for multi-purpose devices
This Scenario discusses the realization for multi-purpose devices, where the managing operator (MNO1) provides all functionality for dynamic switching. Scenario 2 is focusing on dedicated TV devices, whether the device is tailored to only render the TV service. Scenario 1 focuses on a OTT scenario, where the TV service provider manages all unicast service functions. Scenario 3 is focused on Multi-Purpose devices, where the device can be used for TV Services but also for other 3GPP Services.


[image: image3]
Figure 6.x.1-3: Network Architecture for Scenario 3: Multi-Purpose Devices
In Figure 6.x.1-3 the Network Architecture for Scenario 3b is depicted, which is actually another deployment realization of Scenario 1. The difference to Scenario 1 is that the MNO1 is managing the TV service and has agreements with other MNOs (here MNO2). Devices connect always through an TV APN, so that the P-GW can easily separate the TV service from other data. All unicast data may be zero-rated, depending on the agreement between MNO1 and MNO2. All unicast data of MNO1are zero rated according to the agreement with the Content Provider.

The Content Provider provides the user plane data for the TV channel to the MNO. The MNO makes the TV content available through the PSS server (aka CDN for unicast delivery, 3GPP TS 26.234 [xy] and 3GPP TS 26.247 [xz] for 3GP DASH) and also through MBMS (3GPP TS 26.346 [xx]). The PSS server uses 3GP-DASH formats for unicast delivery. When UEs from other MNOs use unicast to access the TV service, these UEs connect to the PSS server of MNO1.

The MNO is managing the TV service. Figure 6.x.1-4 depicts three UEs in different conditions: 

· UE1 belongs to MNO1 and can use services on unicast and MBMS Broadcast. 

· UE2 belongs to MNO2, but is currently located in a area, where the TV service of interest is provided with MBMS broadcast. When MNO1 activates HTTP Consumption Reporting [xx], UE2 establishes the TV APN to its MNO (here MNO2) and sends consumption reporting to the BM-SC of MNO1. The operator may zero rate or discard any charging related information. 

· UE3 is located in an area, where the TV service is provided via unicast. UE3 establishes the TV APN to its MNO (here MNO2) and connects using unicast to the PSS server of MNO1. The operator may zero rate or discard any charging related information.

In case popularity based switching according to MBMS operations on Demand (MOOD [xx]) is supported, then:

· The MNO monitors the TV service consumption per channel in areas and decide to use unicast or MBMS broadcast usage. 

According to the agreement between the Content Provider & the MNO, the MNO may provide usage information to the Content Provider. When legislation requires anonymous reception then the operator is anonymizing any TV subscription information.

Editor's Note: Detailed realization of the new User Plane (UP) interface is for further study. It should also be studied, whether additional provisioning of usage information should be exchanged.

NOTE:
Currently the interface between PSS Server and BMSC is not standardized. Stage 2 details of the PSS function is under SA4 responsibility.
6.x.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.) as well as clarification/description of reuse of existing functions to deliver the necessary service offerings.
6.x.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.
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