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1
Introduction
In Rel-12, a new carrier type (NCT) is introduced. Support of eMBMS on NCT has been brought up in RAN1 [1][2][3] and a corresponding LS is sent to RAN2 [4]. In this contribution, we discuss some design aspects on how to enable the reception of eMBMS on NCT.

2
Discussion
In Rel-12, a new carrier type (NCT) is introduced, where the objectives of NCT are divided into two phases. The NCT is expected to bring enhanced spectral efficiency, improved support for heterogeneous networks, and energy efficiency. In this contribution, we focus on Phase 1 NCT where NCT is aggregated with a legacy LTE carrier which is referred to as legacy primary component carrier (PCC) in our paper.
RAN1 has made the following assumptions on Phase 1 NCT:
· CRS is transmitted in every 5th subframe and sent from single antenna port

· Only E-PDCCH is supported on NCT

· PDSCH transmission on NCT is based on DM-RS
· No control channel common search space is defined on NCT

· No system information block or paging is transmitted on NCT

eMBMS has been specified in Rel8 and 9 to allow broadcast services over LTE using MBSFN. Support of eMBMS on NCT has been raised up in [1][2][3] and RAN1 has made the following working assumptions:

· Subject to feasibility with reasonable complexity, MCH should be supported on NCT for UEs that support MCH reception on SCell

· Study how to deliver the corresponding system and control information and the details of the relevant physical channels

· FFS whether the maximum number of subframes that can contain MCH is increased compared to the legacy carrier type

As a result, an LS is sent from RAN1 to RAN2 [4] to ask RAN2 to study the feasibility and complexity of the relevant RAN2 aspects of supporting MCH on the NCT on the SCell. 

In order to support MBMS on NCT, additional information related to MBMS needs to be conveyed from PCC. The following information is deemed necessary for eMBMS operation on NCT and hence needs to be sent from PCC:
· Carrier information of NCT: this includes DL carrier frequency and corresponding bandwidth of NCT

· Note in case of predefined one to one mapping between NCT and PCC, carrier frequency of NCT can be omitted

· SIB13 which contains the information required to acquire the MBMS control information on NCT
· MCCH change notification to inform UE about an MCCH information change.

· Current MCCH change notification can only be carried on MBSFN subframes. However, PCC may not transmit any MBMS services. In this case, one option is to keep Rel-8/9 concept by not sending MCCH change notifications in subframes 0/4/5/9 for FDD or 0/1/5/6 for TDD. Alternatively, all subframes on PCC can be configured for transmission of MCCH change notification for NCT.
· Note PCC sends MCCH change notification even if there is no MBMS services supported on PCC.

· If multiple carriers (may including PCC) transmit MBMS services, MCCH change notification for each carrier can be time multiplexed with proper configuration of corresponding MBMS-NotificationConfig

· MCCH change notification needs to be accessible by all UEs interested in MBMS, hence it is sent on common control space on PCC and scrambled by M-RNTI. 

Regarding transmission of carrier and SIB13 information for NCT, detailed analysis is carried out separately for UEs in both RRC_IDLE and RRC_CONNTECED states.
2.1
Support of eMBMS on NCT for UEs in RRC_CONNECTED mode

For UEs in RRC_CONNTECTED state, carrier and SIB13 information for NCT can be either transmitted on PCC via dedicated signaling or common signaling (i.e., system information).
With unicast reception on NCT, system information on SCell is carried in dedicated signaling on PCC. With eMBMS reception on NCT, one option is to follow the unicast philosophy by applying dedicated signaling; however, PCC may not be aware of UE’s eMBMS interest hence may not have the knowledge on whether to add relevant eMBMS information for NCT in the dedicated signaling. One may argue PCC can obtain UE’s MBMS interest through RRC message MBMSInterestIndication defined in Rel-11 for the purpose of service continuity, however, service continuity is an optional feature on both UE and eNB. UE does not sent MBMSInterestIndication if either UE does not support service continuity or eNB does not support service continuity (i.e., not transmitting SIB15). Therefore, UE’s MBMS interest is not always available on PCC. The other alternative is to have PCC always indicating relevant MBMS information for NCT in dedicated signaling. However, it may result in unnecessary signaling overhead.
With carrier and SIB13 information for NCT sent via common signaling on PCC, UE can always acquire the relevant information on PCC to receive eMBMS on NCT without reporting its interest to PCC.
Proposal:

· SIB13 and carrier information for NCT is broadcast in system information block on PCC

2.2
Support of eMBMS on NCT for UEs in RRC_IDLE mode

In Rel8 and 9 eMBMS reception is possible for UEs in RRC_CONNECTED or RRC_IDLE states. UEs only interested in receiving eMBMS can stay in RRC_IDLE mode without getting connected, thereby reducing network load significantly. Following the same philosophy, it is desirable to have a design that allows UEs to receive eMBMS on NCT in either RRC_CONNECTED or RRC_IDLE states. 
To support UE reception of eMBMS on NCT in RRC_IDLE states, the relevant eMBMS information for NCT needs to be conveyed via system information on PCC instead of dedicated signaling. This also gives a unified design for UEs in both RRC_IDLE and RRC_CONNECTED states.

Such information can be either added by extending SIB13 on PCC or a new SIB can be defined on PCC for such purpose. Due to the potential impact of legacy UEs on PCC with extending SIB13, our preference is to define a new SIB to carry relevant eMBMS information for NCT. Note PCC needs to broadcast the new SIB even if it does not transmit any MBMS services.

Proposal:

· SIB13 and carrier information for NCT is broadcast in system information block on PCC

· A new SIB can be defined to serve the purpose
Note that due to NCT does not support transmission of SIB or Paging, the legacy constraint on eMBMS usage no more than 60% is naturally relaxed. This may result in signaling change on the related MBMS information elements, however, such stage-3 details are not the focus of our paper.

The design on supporting eMBMS on NCT can be further extended to carrier aggregation in general which includes both backward and non-backward compatible secondary carriers. The assistance information on eMBMS from PCC allows UE to receive eMBMS from secondary carrier without the need to read SIB from secondary carrier when it is actively receiving unicast and/or eMBMS on PCC. Note the legacy secondary carrier still sends SIB13 on its own as it can be PCC for some other UEs.

Even though with backward compatible secondary carriers, MCCH change notification can directly follow secondary carrier hence does not need to be sent from PCC, however, we do prefer sending MCCH change notification on PCC for backward compatible secondary carrier due to the following:
· Unified design for eMBMS support on both backward and non-backward compatible carrier

· UE can check MCCH change notification for secondary carrier on PCC without activating receiver for secondary carrier, hence better power consumption can be achieved
Again, due to the legacy secondary carrier can be PCC for some other UEs, it also sends MCCH change notification on its own.

3
Conclusions 

In this contribution, we discussed some design aspects for NCT regarding support of eMBMS. In particular, we propose:

· SIB13 and carrier information for NCT is broadcast on primary component carrier (PCC)
· Such information can be sent by extending existing SIB13 or carried in a new SIB on PCC
· We prefer using new SIB as extending existing SIB13 may impact legacy UEs on PCC.

· Unified design is maintained for UEs in both RRC_IDLE and RRC_CONNECTED states.

· MCCH change notification for NCT is sent on PCC
· MCCH change notification for each carrier can be time multiplexed 

· eMBMS signaling design for NCT is proposed to be extended to carrier aggregation in general

· This includes both backward compatible and non-backward compatible secondary carriers

· For backward compatible secondary carrier, it also sends relevant eMBMS information on its own
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