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Abstract of the contribution:

This contribution proposes a solution for unifying treatment of unicast and broadcast TV traffic in EPS for managed TV services (Key Issue #5). In particular, we propose to use MBMS subsystem, including MBMS protocol stack, BM-SC and MBMS-GW) to deliver managed TV services over both unicast and eMBMS radio bearers. For a managed TV channel, BM-SC uses existing multicast procedure to distribute TV packets to multiple eNBs. In each eNB, depending on the popularity of TV channels, either unicast bearer for single-cell point-to-multipoint (SC-PTM) or eMBMS bearer will be setup accordingly. This solution allows efficient service delivery in CN in terms of bandwidth saving and signalling overhead, while guaranteeing service continuity when switching between broadcast and unicast radio bearers.
1. Discussion
This contribution presents a solution for Key Issue #5, Scenario 3, managed TV service defined in the first paragraph of Section 4.5, TR 23.746 [1]. In particular we provide a unified solution to deliver managed TV services to UEs in EPS, using both unicast and broadcast radio bearers, depending on the popularity of TV channel in individual cell. Our solution employs the single-cell point-to-multipoint channel (SC-PTM) (recently specified in Rel. 13) [8] for delivering managed TV channels to a single or multiple UEs when the number of participating UEs in a cell is insignificant to set up an MBSFN radio bearer.
In a geographical area serving by a BM-SC, the total number of UEs watching a TV channel should be much more than one. This is the reason why TV service providers need MNOs to provide efficient content delivery methods. At the cell level, there can be one or several UEs watching the same TV channel. Therefore, the default IP transmission from BM-SC to eNBs should be multicast for managed TV service for better resource utilization in CN. A special case of multicast/broadcast is unicast, where there is only one UE accessing the TV channel in the whole system, which may happen but could be rare.

The current 3GPP eMBMS broadcast service use an application layer Forward Error Correction (FEC) and UDP/IP protocol stack, which are efficient for distributing content to multiple users over a point-to-multipoint multicast/broadcast channel [2]. For unicast traffic, the TCP/IP protocol stack is used for handling multimedia streaming, such as 3GP-DASH (Dynamic Adaptive Streaming over HTTP) video streaming service [4]. In the current EPS, the broadcast TV channels are delivered by the MBMS sub-system, while the unicast TV traffic is delivered via the P-GW/S-GW sub-system, depending on the popularity of the TV channels (see Figure 1). Figure 2 and 3 show the protocol stacks for DASH and for MBMS User Services, respectively.
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Figure 1: Transport sub-systems for unicast and broadcast traffic in the current EPS.
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Figure 2: Protocol stack for 3GP-DASH unicast service delivery (see section 5.3 of [4]).
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Figure 3: Protocol stack of the MBMS User Services (see Section 5.5 of [3]), including 3GP-DASH.
This type of separate treatment has the following disadvantages.

1. Potential wasted resources of CN and RAN: When there are multiple unicast users accessing the same TV channel, but the number of those users is still insufficient to set up an eMBMS radio bearer, the CN and RAN resources would be wasted due to the delivery of duplicated TV packets over multiple unicast sessions. For large networks with hundreds or thousands of cells, the number of unicast sessions could be hundreds or thousands accordingly.

2. Issues with TCP/IP protocol: The TCP/IP protocol is well-known for its performance degradation in wireless and mobile environments [5]. The TCP/IP flow control often gives a conservative sending rate due to large variation of packet delay when wireless channel capacity varies due to user mobility, fast fading, handover, and sharing wireless air interface with other mobile users. This issue has negative impacts to video streaming performance (c.f. RAN3 Rel. 14 SI “Study on Context Aware Service Delivery in RAN for LTE” (FS_LTE_context) [5].
3. Possible service interruption: When switching between unicast and broadcast delivery mode, new bearers need to be set up on the selected sub-system (either BM-SC/MBMS-GW or P-GW/S-GW sub-system). This process requires signalling overhead and potential service disruption.
A feasible solution for the above issues is to use the MBMS subsystem to provide hybrid multicast/broadcast operation, which includes unicast as a special case. In particular, the transmission from MBMS-GW to multiple eNBs is already IP multicast, where each eNB can join or leave an MBMS session. In each eNB, either a single-cell point-to-multipoint (SC-PTM, i.e. single cell multitcast) channel or MBSFN (broadcast) transmission can be selected [7, 8] depending on the number of participating UEs. The proposed solutions address the above mentioned issues.

· Benefits for CN: 
· Employing the same BM-SC/MBMS-GW infrastructure for managed TV services, independent of unicast or broadcast radio bearer setting in RAN.
· Avoiding wasting bandwidth resources due to many parallel unicast sessions of the same TV channel; could be hundreds or even thousands of unicast sessions for the same TV channel, depending on the number of eNBs in an MBMS service area. 

· Avoiding possible congestion in BM-SC/PSS servers due to many unicast sessions accessing the same TV channel.

· Avoiding signalling overhead due to bearer setting change when users switching between unicast bearer (by P-GW/S-GW) to broadcast bearer (by MBMS subsystem) as in the current unicast solution.

· Benefits for RAN:

· Avoiding packet duplication due to multiple unicast sessions, by using either multicast channel (SC-PTM) or broadcast channel (MBSFN).

· Allowing independent operation of CN and RAN: RAN can change the radio bearer without impacts to CN bearer.

· Benefits for UE: 

· Better quality of service by avoiding potential issues of TCP/IP in mobile wireless channels.

· Avoiding potential service disruption when switching between unicast bearer (served by P-GW/S-GW) and broadcast bearer (served by BM-SC/MBMS-GW).
NOTE:
There should be no overload issue due to supporting managed unicast TV traffic by MBMS subsystem. For managed TV services, MNOs should be able to support the most resource-demanding scenario, where the number of users accessing the same TV channel is significant enough to set up MBSFN transmission in RAN. The number of managed TV channels is thus highly dependent on the capacity of MBSFN transmission in RAN. Therefore, once the MBMS subsystem is properly design, there should be no overload issue in MBMS subsystem.
2. Text proposal
* * * Start of changes * * * *

6.z Solution Z: Unified method for delivering managed TV Services

6.z.1 Description

The system architecture is shown in Figure 4 for EPS [6]

 REF _Ref454288800 \r \h 
[7]. In this solution, the BM-SC receives packets of TV channels from the 3rd party TV content providers application server (3PP AS). Then BM-SC employs existing MBMS protocols as shown in [3, Section 5.5, MBMS Protocols] for multicast/broadcast delivery. The coded packets are sent from BM-SC to MBMS-GW [7]. The MBMS-GW distributes coded packets to eNBs using IP multicast delivery. Depending on the popularity of the TV channel, the MCE will set up either an MBSFN radio bearer or single-cell point-to-multipoint (SC-PTM) radio bearer in each eNB [7]. Either RAN or CN can provide the consumption report for MCE to decide the most efficient radio bearer for each eNB.

The fundamental difference between the current solution in EPS (unicast traffic is delivered by P-GW/S-GW sub-system, broadcast traffic is delivered by BM-SC/MBMS-GW sub-system) and our proposed solution is that the same existing MBMS transport protocol stack (FEC/UDP/IP) and MBMS sub-system are used for managed TV channels regardless the radio bearer setting (unicast and broadcast radio bearers) in RAN side. This is very different with the MBMS solution in current EPS system where the TCP/IP protocol may be used for unicast link and FEC/UDP/IP is used for broadcast link. The selection of MBSFN or SC-PTM radio bearers is currently determined by MCE in RAN, based on the number of participating UEs provided by counting procedure in eNBs or consumption report from BM-SC.

When the number of UEs per cell watching the same TV channel is small, the SC-PTM transmission over PDSCH can be used. Since the FEC layer may generate significant redundant packets, e.g. 40% redundancy, the UE may receive enough packets to decode the original file before the multicast session completes. In this case, the UE can send an acknowledge message to the serving eNB so that eNB will stop sending redundant packets to save air-interface resources.
 
[image: image4.emf]UE-1

3PP AS

UE-2

UE-3

BC 

UC 

MC 

MCE

eNB2

eNB1 S-GW P-GW

MBMS-

GW

BM-SC


Figure 6.z.1-1: System architecture of the proposed solution.

6.z.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.
Some aspects of the above solution are already supported by the current EPS: 

-
Support multicast from MBMS-GW to eNBs;

-
Support Single-Cell MBMS Traffic Channel (SC-MTCH) over PDSCH and multicell MBMS Traffic Channel (MTCH) over MBSFN; The Multi-cell/Multicast Coordination Entity (MCE) can decide either SC-PTM (Single-Cell Point to Multipoint) or MBSFN [8] in each eNB.

-
Support consumption report for TV channels: eNB (and also BM-SC) can produce consumption report so that MCE can decide the most suitable radio bearer, unicast or broadcast bearer, in each eNB.
-
MCE informs MBMS-GW which eNB(s) will join or leave the MBMS session

-
The existing counting procedure in RAN can be used to report the number of UEs to BM-SC if needed.

Additional signalling messages and procedures are needed to support the new features:
-
RAN: Enabling mixed operation of SC-PTM and MBFSN in each MBMS session.

-
BM-SC: Will always use multicast delivery to eNBs if more than 1 UEs per TV channels.

-
From UE to eNB: message indicating the video file has been fully decoded in case of application-layer FEC and unicast bearer. This can help to reduce the air-interface usage by stopping sending redundant packets.

-
UE and eNB impacts: UE and eNB should support radio bearer switching between SC-PTM and MBSFN radio bearers without modifying other bearer segments between eNBs and BS-SC and without service disruption to UEs.
6.z.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.

The proposed solution can address key issues of “Key Issue 5/Scenario 3”.

-
The solution provides a unified solution to support unicast UEs by letting multiple UEs join one MBMS session. The RAN will set up suitable radio bearers in each eNB, depending on the popularity of the TV channel.

-
The solution also allows service continuity. When UEs move, only the radio bearers between UEs and eNB could change, while the other bearer segments between eNBs to MBMS-GW and MBMS-GW to BM-SC are kept unchanged during MBMS session; the transport protocol stack is also unchanged. These allow minimal service interruption time.

* * * End of Changes * * * 
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