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1 Introduction

A new WI: Evolved Multimedia Broadcast Multicast Service (eMBMS) enhancement for LTE was approved at RAN plenary #71 meeting [1]. One of the objectives is to 
· Specify means of using subframes 0, 4, 5, 9 (FS1) and 0, 1, 5, 6 (FS2) for MBSFN. 

· The non-MBSFN subframes for unicast can only be used as Scell
At RAN1 84bis, clarifications were made for the work item description as following:
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

In this contribution aspects to increase the density of MBSFN subframe are discussed. 
2 Discussions 
In MBSFN operation, eMBMS data is transmitted concurrently over the air from multiple tightly time and frequency synchronized cells. When the MBSFN is operated on the secondary component carrier, this tight restriction on the time/frequency synchronization should be still maintained. However, it is unclear yet whether time synchronization is required between the primary component carrier and the secondary component carrier supporting MBSFN subframe extension. It can be further discussed whether the eMBMS supports the primary-secondary asynchronous scenarios. 

Nevertheless, PSS/SSS transmissions on the non-backward compatible second carrier (i.e. MBSFN extension carrier) should be necessary at least for time/frequency acquisition/tracking. 
Proposal 1: PSS/SSS transmissions are supported on the MBSFN subframe extension carrier. 
The PSS/SSS is used to determine the cell ID, the cyclic prefix length, the frame structure type and to obtain the time/frequency synchronization. However, the cell ID could be signaled to the UEs on the associated backward compatible primary carrier and the frame structure type information is not needed for the MBSFN subframe extension carrier. In past LTE releases, it has been discussed to change the PSS/SSS (e.g., the signals or their symbol positions) in order to prevent legacy UEs from accessing extension carriers [4]. However, according to RAN2, the higher layers already have sufficient means for handling the carrier access [5]. Hence, there is no need to do any changes in the PHY layer with regards to synchronization signals due to the introduction of eMBMS enhancements. That is, the PSS/SSS should not be changed and the same PSS/SSS relative symbol position should be maintained. The density in time of PSS/SSS transmission could be reduced depending on the synchronization performance requirements in RAN4.
Proposal 2: The PSS/SSS is not changed and the PSS/SSS relative symbol position for FDD is maintained on the MBSFN extension carrier. The density in time of PSS/SSS transmission is FFS. 
In existing LTE systems, MBSFN subframes and unicast subframes are multiplexed in time domain in a serving cell. The allocation of MBSFN subframes is limited to subframes 1, 2, 3, 6, 7, 8 for frame structure type 1 and subframes 3, 4, 7, 8, 9 for frame structure type 2. SA1 developed a requirement for TV service enhancement that 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 [2]. As clarified at the last meeting, the MBSFN extension carrier may also support unicast traffic for Rel-14 UEs. Therefore, it is very desirable that the allocation of unicast and broadcast resources can be flexibly configured. The multiplexing schemes (e.g. TDM, FDM or TDM+FDM) could be further discussed. 
Proposal 3: The allocation of broadcast and unicast resources on the carrier supporting MBSFN subframe extension is configurable.

In addition to the UEs in connected mode, eMBMS services can be received also by UEs in idle mode on the legacy primary carrier. Allowing merely UEs in connected mode to receive eMBMS on the secondary carrier supporting MBSFN subframe extension does not restrict the eMBMS reception as eMBMS transmissions on the legacy primary carrier can still be available for the UEs in idle mode. To support functionality such that UEs in RRC_IDLE receive eMBMS on the secondary carrier, it would be necessary for the UEs to acquire related SIBs on this secondary carrier, which is however not supported by current specifications. On the other hand, either PDCCH scheduled or predefined resources based on a certain pattern (similar to eMTC or NB-IoT) are required for SIB transmissions on the secondary carrier. This will lead to restricted MBSFN subframe allocation and/or more standardization efforts. Considering the limited time for this WI and little benefit, it is not desirable to support eMBMS reception for the UEs in RRC_IDLE on the secondary carrier supporting MBSFN subframe extension. 
Proposal 4: eMBMS transmission on the secondary component carrier supporting MBSFN subframe extension is not required to be received by UEs in idle mode.
For a CA capable UE, when adding a new secondary component carrier, dedicated RRC signalling is used to send all the required system information for the new CC. Changes of system information for a secondary CC are handled by release and addition of the secondary CC. The system information for MBSFN configuration (mbsfn-SubframeConfigList-r10), which is transmitted in SIB2, has already been included in the dedicated signalling. Whether other SIBs are required needs to be discussed further in RAN2. In order to not restrict the MBSFN subframe extension and to simplify the design, it is natural to also capture other related system information (if needed e.g. SIB13 as analysed in our companion contribution in RAN2 [3]) in corresponding dedicated signaling if this system information is required for eMBMS reception on the secondary component carrier. 
Proposal 5: The required system information for eMBMS transmission on the carrier supporting MBSFN subframe extension are transmitted by dedicated higher layer signaling.
One of the reasons to restrict the MBSFN subframe allocation on legacy carrier is to avoid collision with paging transmissions. Paging in LTE system is used to page the UEs in idle mode or to inform the update of system information to UEs in connected mode. As the UEs in idle mode is not expected to receive eMBMS on the MBSFN extension carrier and the UEs in connected mode can anyway go to the backward compatible carrier for the paging of system information update, the paging information may not need to be transmitted on the MBSFN extension carrier. And also, the absence of paging on the MBSFN extension carrier provides more MBSFN capacity for eMBMS transmission.
Proposal 6: The UEs are not assumed to receive paging information on the carrier supporting MBSFN subframe extension.
3 Conclusions
In this contribution a number of technical aspects for MBSFN subframe extension were discussed and the following proposals were made:
Proposal 1: PSS/SSS transmissions are supported on the MBSFN subframe extension carrier. 
Proposal 2: The PSS/SSS is not changed and the PSS/SSS relative symbol position for FDD is maintained on the MBSFN extension carrier. The density in time of PSS/SSS transmission is FFS. 
Proposal 3: The allocation of broadcast and unicast resources on the carrier supporting MBSFN subframe extension is configurable.

Proposal 4: eMBMS transmission on the secondary component carrier supporting MBSFN subframe extension is not required to be received by UEs in idle mode.
Proposal 5: The required system information for eMBMS transmission on the carrier supporting MBSFN subframe extension are transmitted by dedicated higher layer signaling.
Proposal 6: The UEs are not assumed to receive paging information on the carrier supporting MBSFN subframe extension.
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