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1 Introduction

Evolved Multimedia Broadcast Multicast Service (eMBMS) provides an efficient way to deliver download as well as streaming content to multiple users. Especially mobile video streaming is foreseen to generate a major volume of network data traffic in the future. Commercial deployments of eMBMS or “LTE Broadcast” are generating increasing interest. In order to meet the industry and operators’ demand it is important to enhance eMBMS even further. 
SA1 developed requirements for 3GPP enhancements for TV application support [1], whereby 3GPP networks can provide unicast and broadcast transport to support distribution of TV programs. It can support the three types of TV services – Free-to-air (FTA), Free-to-view (FTV), and Subscribed services. Each type of TV service has different requirements in order to meet regulatory obligations and public service and commercial broadcaster’s requirements regarding content distribution. 
This paper motivates the resulting RAN Work Item about MBMS enhancements in order to satisfy the requirements identified in [1] with the goal of enabling TV service support by 3GPP networks. The RAN related enhancements are:

1. eMBMS system capacity enhancements, i.e., more MBSFN subframes, less control overhead 

2. eMBMS enhancements enabling additional deployments scenarios, i.e., larger Cyclic Prefix, multi-carrier, multi-network
2 eMBMS system capacity enhancements 
Current allocation of MBSFN subframes is limited to subframes 1, 2, 3, 6, 7, 8. There can be scenarios where a larger allocation is desirable. One such example is the use of eMBMS deployed on a supplementary downlink (SDL) carrier, in order to avoid wasting uplink capacity on an FDD uplink/downlink carrier pair. All eMBMS traffic could be concentrated on as few SDL carriers as possible. Hence, RAN2 and RAN1 will specify means of using subframes 0,4,5,9 (FS1) and 0,1,5,6 (FS2) for eMBMS.  

Legacy MBSFN subframes have a unicast control region of 1 or 2 OFDM symbols. With eMBMS on an SDL and with almost all subframes allocated to eMBMS, there is hardly any use for the control region. In conjunction with the longer OFDM symbol and cyclic prefix (CP) durations needed for MBSFN, a unicast control symbol poses an even larger overhead. Hence, RAN1 and RAN2 will specify means of configuring MBSFN subframes without a unicast control region.

3 eMBMS enhancements enabling additional deployments scenarios
Some LTE specifications support a downlink OFDM mode using 7.5 kHz subcarrier spacing and long CP of 33.3 (s. However, there is no signalling defined indicating the use of this mode and hence it cannot be implemented. Even longer CP is required to support MBSFNs with higher spectral efficiency of [2] bps/Hz in areas with large ISDs (e.g. 15 km or larger inter-site distance), in particular in low frequency bands as in the 700 and 800 MHz bands and rural scenarios where indoor losses are smaller or for outdoor (rooftop) antennas as they are used for TV reception in many countries. 
The use case of a standalone eMBMS network identified in [1] also presents a new deployment scenario. In addition to the aspects discussed in the previous section, it requires self-contained signaling on an eMBMS-only cell. 
Non-colocated multi-carrier support for eMBMS / unicast is useful for a scenario where a network may not deploy eMBMS on all sites that are located in an MBSFN area, but only in a subset of sites, e.g. because the coverage of these sites is large enough. Multi-carrier UEs should be able to receive eMBMS from one or more cells in MBSFN mode on one frequency and be served on another frequency from another asynchronous cell, that is selected according to the standardized cell reselection procedure.
Another use case for such multi-carrier support is where Mobile Network Operators have agreed that UEs subscribed to one network shall be able to receive certain eMBMS service from another network. One scenario is eMBMS in a stadium where the stadium-related service should be received by UEs regardless to which network they are subscribed. Another scenario, as identified in [1], is a wide-area TV service provided over eMBMS that shall be accessible by UEs regardless of subscription. 
Reception from non-colocated cells can imply significant receive power difference at the UE. RAN4 will specify the receive power difference a UE is required to support, possibly depending on the band combination that the involved cells are operating in.

As identified by SA1, 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 regardless of broadcast or unicast reception. Still it should be possible for the network to count the number of service users within a given geographical granularity so that optimal switching between broadcast and unicast mode remains possible. 
4 Summary and conclusion 

The above discussion motivates MBMS enhancements satisfying the requirements identified in SA1 with the goal of enabling TV service support by 3GPP networks. The RAN related enhancements include eMBMS capacity enhancements and enhancements enabling additional deployments scenarios addressing the use cases identified by SA1. 
The corresponding Work Item description is provided in [2].
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