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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. Reference [1] discussed potential future enhancements; however, there are a couple of recent developments that have to be considered: 

SA1 has initiated a Study on Service Requirements for 3GPP enhancement for video support [2]. Hence RAN enhancements targeting terrestrial TV broadcasting only, e.g., a dedicated MBMS carrier, better wait until they are backed up by the SA1 study conclusions. 
ITU has settled its timeline for IMT-2020 and 3GPP RAN is about to plan its corresponding timeline [3]. It is expected that a new wireless access is being specified, which is not constrained by backwards-compatibility. Having non-backwards-compatible changes for LTE MBMS right before discussing a new wireless access, might not be desirable. 
Considering the above, in this contribution we condensed the proposal of [1] to backwards-compatible enhancements targeting mixed unicast/broadcast deployments, such as 

1. eMBMS system capacity enhancements (MIMO), 

2. eMBMS enhancements enabling additional deployments scenarios (larger Cyclic Prefix, multi-carrier).

3. eMBMS enhancements enabling new use cases (MTC and Public Safety)
2 eMBMS system capacity enhancements 
MIMO (open loop) spatial multiplexing for eMBMS can increase the capacity in scenarios where the SINR for most (e.g. 95%) of the UEs in an MBSFN area is high, e.g. in a stadium covered by a large number of antennas. In an MBSFN and in the locations where the 95% best UEs are located there is often also rich scattering so that significant spatial multiplexing gains can be expected. Earlier 3GPP contributions reported a wide range of capacity gains, from 5% to 100% for scenarios with low ISD (500m-1732m) and/or low carrier frequency (900MHz), e.g. R1-062390, R1-072681, R1-060859. Hence, RAN1 would have to specify means for MBMS spatial multiplexing.
3 eMBMS enhancements enabling additional deployments scenarios
Some LTE specifications support a downlink OFDM mode using 7.5 kHz subcarrier spacing and long cyclic prefix of 33.3 (s. However, there is no signalling defined indicating the use of this mode and hence it cannot be implemented. Longer CP enables to configure MBSFN with higher MCS in areas with large ISDs, in particular in low frequency bands as in the 700 and 800 MHz bands and rural scenarios where indoor losses are smaller. Some earlier 3GPP studies have found limited benefit of CP=33 (s, however, for certain propagation and deployment scenarios this may have been due to small number of 57 cells considered in the 3GPP macro cell scenario that is not sufficient to capture all relevant interference.The reduced 7.5 kHz subcarrier spacing also poses a smaller challenge on the UE at the smaller Dopplers in these bands. Hence, RAN2 would have to specify means of using the 7.5 kHz mode with a cyclic prefix of 33.3 (s.
Unsynchronized / 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 site and be served by cell from another site, 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. Hence, RAN2 would have to specify support for multi-carrier eMBMS/unicast operation involving reception from an eMBMS cell that may be unsynchronized / non-colocated with one or more cells that are simultaneously used for unicast.
4 eMBMS enhancements enabling new use cases 
Besides streaming services and traditional downloads, many MTC applications are very well suiting to use MBMS. Some examples are: software updates of many MTC nodes/sensors, status/warning messages to all nodes of a certain region, group commands to control many MTC nodes simultaneously. Using MBMS would have 2 benefits: 1) reduced control signalling overhead to communicate with many nodes and 2) the MBSFN will have a positive effect on coverage since the interfering signals of neighbour cells will be turned into useful signals improving SINR and in turn coverage.  
Low-complexity MTC UEs of Rel-13 will only support up to 1.4 MHz BW. Since MBMS always occupies full system bandwidth, low-complexity UEs will not be able to receive eMBMS on carriers larger than 1.4 MHz. Hence, RAN1, RAN2 and RAN4 would have to specify eMBMS for low-complexity MTC UEs, which have a maximum RF bandwidth of 1.4MHz.
The use of eMBMS for Public Safety is a key use case. Emergency situations demand rapid, wide and reliable distribution of critical and lifesaving information to affected populations. The enhancements proposed above hold promise to meet this need. Additionally, enhanced eMBMS is eminently suitable for providing rich content which will convey meaningful and easily understood information to assist populations deal with emergencies.

5 Conclusion and Proposals

Areas for future MBMS enhancements are discussed above. These include eMBMS capacity enhancements, enhancements enabling additional deployments scenarios as well as enhancements enabling new use cases. 
The co-sourcing companies support enhancing eMBMS in Rel-13 and would like to encourage other companies to also consider and discuss potential eMBMS enhancements until RAN#68. A corresponding Work Item Description is provided in the Annex.
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3GPP™ Work Item Description

For guidance, see 3GPP Working Procedures, article 39; and 3GPP TR 21.900.
Comprehensive instructions can be found at http://www.3gpp.org/Work-Items
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8.5 3
Justification

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. Most urgent areas are system capacity enhancements (MIMO) as well as enabling eMBMS for new use cases and deployments scenarios (multi carrier, larger Cyclic Prefix).

Some LTE specifications support a downlink OFDM mode using 7.5 kHz subcarrier spacing and long cyclic prefix of 33.3 µs. However, there is no signalling defined indicating the use of this mode and hence it cannot be implemented. Longer CP enables to configure MBSFN with higher MCS in areas with large ISDs, in particular in low frequency bands as in the 700 and 800 MHz bands and rural scenarios where indoor losses are smaller. Some earlier 3GPP studies have found limited benefit of CP=33 µs, however, for certain propagation and deployment scenarios this may have been due to small number of 57 cells considered in the 3GPP macro cell scenario that is not sufficient to capture all relevant interference. The reduced 7.5 kHz subcarrier spacing also poses a smaller challenge on the UE at the smaller Dopplers in these bands. 

Unsynchronized / 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 site and be served by cell from another site, 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.

MIMO (open loop) spatial multiplexing for eMBMS can increase the capacity in scenarios where the SINR for most (e.g. 95%) of the UEs in an MBSFN area is high, e.g. in a stadium covered by a large number of antennas. In an MBSFN and in the locations where the 95% best UEs are located there is often also rich scattering so that significant spatial multiplexing gains can be expected. Earlier 3GPP contributions reported a wide range of capacity gains, from 5% to 100% for scenarios with low ISD (500 m – 1732 m) and/or low carrier frequency (900 MHz), e.g. R1-062390, R1-072681, R1-060859.

Besides streaming services and traditional downloads, many MTC applications are very well suiting to use MBMS. Some examples are: software updates of many MTC nodes/sensors, status/warning messages to all nodes of a certain region, group commands to control many MTC nodes simultaneously. Using MBMS would have 2 benefits: 1) reduced control signalling overhead to communicate with many nodes and 2) the MBSFN will have a positive effect on coverage since the interfering signals of neighbour cells will be turned into useful signals improving SINR and in turn coverage.  
Low-complexity MTC UEs of Rel-13 will only support up to 1.4 MHz BW. Since MBMS always occupies full system bandwidth, low-complexity UEs will not be able to receive eMBMS on carriers larger than 1.4 MHz.
The use of eMBMS for Public Safety is a key use case. Emergency situations demand rapid, wide and reliable distribution of critical and lifesaving information to affected populations. The enhancements proposed below hold promise to meet this need. Additionally, enhanced eMBMS is eminently suitable for providing rich content which will convey meaningful and easily understood information to assist populations deal with emergencies.
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8.6.1 4.1
Objective of SI or Core part WI or Testing part WI
The objective of the work item is to evaluate and specify, if justified, the following eMBMS enhancements for LTE:  

a. Specify means of using a longer cyclic prefix (at least 33.3(s) for use in a mixed unicast/eMBMS carrier for large SFN delay spread environment, which guarantees coexistence of the legacy and new prefixes on the same carrier.  (RAN1, RAN2)
b. Specify support for multi-carrier eMBMS/unicast operation involving reception from an eMBMS cell that may be unsynchronized / non-colocated with one or more cells that are simultaneously used for unicast. (RAN2)
c. Specify means for MBMS spatial multiplexing to enhance system capacity for eMBMS environments such as stadium scenarios and dense urban deployment. (RAN1)
d. Specify MBMS for low-complexity MTC UEs, which have a maximum RF bandwidth of 1.4MHz. (RAN1, RAN2)
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	CR
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