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1 Introduction
At 3GPP TSG-RAN #71, the WID "eMBMS enhancements for LTE" has been approved [1]. We present here an overview of the work in RAN1, RAN2 and RAN3. The WI objectives to be specified as well as a study part as follows:

The objective of the work item is to evaluate and specify the following eMBMS enhancements for LTE:  

a. Specify means of using a longer cyclic prefix (e.g. greater than 33.33µs) for use in a mixed unicast/eMBMS carrier for large SFN delay spread environment (e.g. 15km or larger inter-site distance), which guarantees coexistence of the legacy and new prefixes on the same carrier, while achieving a spectral efficiency of at least 2 bps/Hz. This objective includes evaluation. (RAN1)

b. Specify means of using subframes 0, 4, 5, 9 (FS1) and 0, 1, 5, 6 (FS2) for MBSFN. (RAN2, RAN1)

· The non-MBSFN subframes for unicast can only be used as Scell

c. Specify means of configuring MBSFN subframes without a unicast control region and cell-specific reference signals. (RAN1, RAN2)

Study the following:

d. Support for standalone carrier with all DL subframes dedicated to MBSFN transmission and self-contained eMBMS signaling including information of SIB13, SIB15, SIB16. (RAN2)

e. Support for multi-carrier eMBMS/unicast operation involving reception from one or more eMBMS cells that may be non-collocated and asynchronous with one or more cells that are simultaneously used for unicast. (RAN4, RAN2)

f. Solutions where a UE can receive the TV transport service without being authenticated (RAN1, RAN2, RAN3)

No new TDD DL/UL configuration for FS2 is considered in this WI

This work will consider the outcome of the corresponding SA2 work

The work for the eMBMS started in previous RAN1#84bis meeting where the following clarifications of the WID were concluded [2]:
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Clarifications regarding the WID:

· Objective a may be supported on carrier on which legacy UEs can be scheduled

· It is assumed that subframes contain a new numerology are signalled as MBSFN subframes

· Signalling of services to legacy and new UEs is handled by higher layers, so RAN1 assumes that legacy UEs would not be configured to receive MBMS services in an MBSFN subframe that had a new numerology

· If legacy UEs are to be supported on the carrier, the legacy control region shall not be impacted by the new numerology in a subframe 

· FFS whether MBMS MDT measurements would be impacted by any new numerology

· Objectives b and c mean that legacy UEs cannot be scheduled on the carrier

· Carriers supporting objective b may also support unicast traffic for Rel-14 UEs

· FFS what SI has to be supported on a carrier supporting objective b
· FFS whether carriers supporting objective c may also support unicast traffic for Rel-14 UEs
· FFS whether the reduced density of CRS with objectives b and c impacts time/frequency tracking, and if so, how this is handled 

· Note that if there is additional RAN1 impact from objective d, it is in the area of how to support the self-contained SI as mentioned in WID

2 Discussion
2.1 Objective of SI or Core part WI or Testing part WI

This section reproduces the 3 objectives a)-c) and study items d)-f) from [1] and provides an initial discussion for each aspect.
The objective of the work item is to evaluate and specify the following eMBMS enhancements for LTE:  

g. Specify means of using a longer cyclic prefix (e.g. greater than 33.33µs) for use in a mixed unicast/eMBMS carrier for large SFN delay spread environment (e.g. 15km or larger inter-site distance), which guarantees coexistence of the legacy and new prefixes on the same carrier, while achieving a spectral efficiency of at least 2 bps/Hz. This objective includes evaluation. (RAN1)

Discussion: Some LTE specifications support a downlink OFDM mode using 7.5 kHz subcarrier spacing and long cyclic prefix (CP) of 33.3 µs. 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. 
A significantly longer CP than the one of 16.7us for 15kHz subcarrier spacing or 33.3us for 7.5kHz subcarrier spacing requires an increase of the OFDM core symbol duration in order to keep the relative CP overhead close to the current ones of 25%. Extension of OFDM core symbol length in turn implies proportional reduction in subcarrier spacing and in number of OFDM symbols per subframe. Therefore, one more numerology in addition to the existing numerologies will be required, depending on the simulation outcome [5], [6].

h. Specify means of using subframes 0, 4, 5, 9 (FS1) and 0, 1, 5, 6 (FS2) for MBSFN. (RAN2, RAN1)

· The non-MBSFN subframes for unicast can only be used as Scell

Discussion: An extended MBSFN subframe allocation, i.e., beyond 6 MBSFN subframes per radio frame, is useful when increased MBSFN capacity is needed. The upper limit of allocating all downlink subframes to MBSFN is useful when eMBMS is 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. 
A 100% allocation of MBSFN subframes is especially needed when the targeted spectrum is restricted (by regulatory requirements) to broadcast services only, such as the UHF band, and when a standalone eMBMS carrier with self-contained signaling is desired, as in study item d. A carrier with a 100% downlink subframe allocation, but without self-contained signaling, for FS1 can be called a dedicated MBSFN carrier.  [3][4]
i. Specify means of configuring MBSFN subframes without a unicast control region and cell-specific reference signals. (RAN1, RAN2)

Discussion: Legacy MBSFN subframes have a unicast control region of 1 or 2 OFDM symbols carrying the PCFICH, PHICH, PDCCH and CRS. Considering that the WID objective b is addressing unicast in non-MBSFN subframes only for Scell, all unicast control signalling can be provided from the PCell. There is therefore no general need for a L1/L2 control region in MBSFN subframes in an Scell. Further[3][4].

For the study items we provide a TR template in [7].
Study the following:

j. Support for standalone carrier with all DL subframes dedicated to MBSFN transmission and self-contained eMBMS signaling including information of SIB13, SIB15, SIB16. (RAN2)

Discussion: One motivation for a standalone carrier can be derived from the SA1 requirement in [9]:

The 3GPP system shall allow the MNO to implement a network supporting downlink only broadcasting based on a set of EPS functionalities and entities which are required to offer linear TV services.

In [7], [8] we provide a proposal how a standalone carrier can be defined based on a dedicated MBSFN carrier.

k. Support for multi-carrier eMBMS/unicast operation involving reception from one or more eMBMS cells that may be non-collocated and asynchronous with one or more cells that are simultaneously used for unicast. (RAN4, RAN2)

Discussion: 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 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. The receive power difference a UE is required to support possibly depends on the band combination that the involved cells are operating in.
Asynchronous operation with MBMS reception from one cell is supported in the Dual Connectivity context since Rel-12, where a UE-EUTRA-Capability information element mbms-AsyncDC-r12 has been introduced. Asynchronous operation capability should be extended to work independently of Dual Connectivity configuration, i.e. also where with regard to unicast there is connectivity only to a single cell, but simultaneous MBMS reception from another cell.
l. Solutions where a UE can receive the TV transport service without being authenticated (RAN1, RAN2, RAN3)

Possible TV reception without being authenticated can be derived from the SA1 requirements in [9].

We also observe that in the scope of the SI, the term “authenticated” seems to refer to the TV service itself rather than to the E-UTRAN; i.e., the given use case addresses delivery of “free-to-air” TV. [8] 
2.2 Workplan
In order to achieve the objectives and study items in the schedule allocated in [1] we propose the following work plan.

· RAN1

· April: 

· Discuss and agree on simulation assumptions for longer CP

· Initial discussions on subframe design (numerology, RS, signaling framework) and frame design (SS, timing, signaling framework)

· Discuss and agree TR skeleton

· May: 

· Discuss simulation results for longer CP, agree on numerology, 

· Discuss subframe design and frame design

· Discuss standalone carrier (acquisition of Sysinfo) and reception of non-authenticated UEs

· August: 

· Agree subframe design (RS, signaling framework) 

· Discuss frame design
· Provide draft CRs

· Discuss standalone carrier (acquisition of Sysinfo), provide draft TPs 

· Agree TPs on reception of non-authenticated UEs 

· Oct.: 

· Agree frame design (SS, timing, signaling framework)

· Agree final CRs

· Agree TPs on standalone carrier (acquisition of Sysinfo) 

· RAN2

· May: 

· Discuss objectives of WID from RAN2 perspective, considering especially multi-carrier support, standalone carrier (acquisition of SysInfo) and reception of non-authenticated UEs and RAN2 impacts of new  MBSFN sufbrames as well as MBSFN subframes without unicast region
· August: 

· Discuss solutions required to satisfy objectives of the WI, e.g. signalling of multi-carrier support, System Info for stand-alone carrier and RAN2 impacts of new  MBSFN sufbrames as well as MBSFN subframes without unicast region 

· Draft initial running CRs and TPs
· Oct.: 

· Discuss details of the solutions for WI objectives, design signaling for new frame and subframe design and changes for System Information Acquisition

· Provide draft running CRs and TPs
· Nov.:

· Agree on Stage-3 details of signalling of new frame and subframe design and details of System Information Acquisition and details of supporting signaling for new frame and subframe design, update draft CRs. Agree on TPs on standalone carrier  and reception of non-authenticated UEs

· Feb.: 

· final stage-3 details, agree final CRs 

· RAN3

· April: 

· Discuss reception of non-authenticated UEs, provide draft TPs

· May: 

· Agree on TPs on reception of non-authenticated UEs

3 Conclusion

This tdoc presents an overview of the work on “eMBMS enhancements for LTE”. The paper provides the underlying motivation and a workplan for the involved Working Groups
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