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1 Introduction
MBMS was specified in Release 8 and 9 to allow mobile network operators to provide broadcast and multicast services over LTE. The potential savings in radio resources and backhaul resources, along with the guarantee that content is delivered with secured quality of service in a defined area, have made MBMS service an integral component of the LTE system. 
The issue and solutions of supporting MBMS services on the new carrier type were discussed extensively in RAN2#81bis [7]. In the RAN2 LS reply to RAN1, it was stated that 

· RAN2 has concluded that if MBMS reception is to be supported on NCT, UEs supporting MBMS reception on NCT shall be able to perform it in RRC_IDLE and RRC_CONNECTED.

· RAN2 identified as the main issue how to provide MBSFN subframe configuration of NCT (if needed at all), SIB13 for NCT and SIB15 and discussed the following solutions:
a) Via dedicated signalling
RAN2 considers this approach to be not sufficient.
b) SIBs containing at least SIB13 for an NCT are provided on an associated LCT
RAN2 thinks that this approach is feasible but would be tailored to deployment with associated LCT and is not preferred if NCT can provide MBMS related system information.

c) MBMS related system information are provided on the NCT
This approach is feasible if MBMS related system information can be provided on the NCT.
In solutions b) and c), Support of more than 6 MBSFN subframes per radio frame would be feasible from RAN2 signalling point of view.

In this contribution, we discuss the support and potential enhancements of MBMS on the new carrier type.
2 EMBMS support on NCT

2.1 Support for CONNECTED and IDLE UEs
On a legacy LTE carrier, a UE needs to have the correct MCCH configuration to receive the PMCH. The MCCH configuration is broadcast in SIB13 of all cells participating in the MBSFN transmission. SIB13 also carries the configuration for MCCH change notification. For a UE configured with carrier aggregation, no MBMS related system information is sent with dedicated signalling. The UE has to acquire MBMS system information sent on the MBMS cell by itself. With this information a Rel-11 UE in CONNECTED mode that is carrier aggregation capable is able to receive an MBMS service on any cell that is configured or configurable as an SCell, i.e. reception is even possible in non-serving cells as long as the corresponding frequencies are covered by the UE’s supported band combination [1]. The broadcast information further enables UEs to receive MBMS transmissions in IDLE mode. 

Table 1 Support for various MBMS configurations in Rel-11.

	
	IDLE mode
	CONNECTED mode

	PCell
	Supported
	Supported

	SCell
	Not applicable
	Supported

	Non-serving cell*
	Not specified
	Supported


* The non-serving cell must be on a frequency that is covered by the UE’s SupportedBandCombination.

It was clearly from the RAN2 LS Reply [7] that CONNECTED and IDLE UEs shall both be supported for the MBMS services on the new carrier type. RAN2 LS Reply has further analysed the drawbacks of solutions based on dedicated signalling and SIB broadcast from associated LCT. 

The preferred solution of providing high-performance MBMS services on an NCT carrier from RAN2’s point of view is to broadcast the MBMS related system information on the NCT carrier. The NCT carrier needs to be capable of broadcasting MBMS service related SIB and to send paging for IDLE UEs camping on the NCT carrier. To this end, common search space should be specified for NCT such that paging and SIB can be scheduled.
Proposal 1: For efficient MBMS operations and support for both CONNECTED and IDLE UEs, common search space and EMBMS service related SIB broadcasting should be specified for the new carrier type.
2.2 Support of more MBSFN subframes

It was raised in [4] that it may be beneficial to increase the number of subframes that can be configured for MBMS transmissions. In Rel-11, subframes #0/4/5/9 in FDD and subframes #0/1/2/5/6 in TDD cannot be configured for MBMS transmission. One reason for this restriction is to avoid collision with PBCH in subframe #0, SIB1 transmission in subframe #5 or paging transmissions in subframes #0/4/5/9. For the legacy carrier, the subframes for carrying paging can be configured by the system parameter Ns with the following subframe patterns given in [6] for FDD and TDD:
FDD:
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9


TDD (all UL/DL configurations):

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	0
	N/A
	N/A
	N/A

	2
	0
	5
	N/A
	N/A

	4
	0
	1
	5
	6


For the new carrier type, RAN1 may study the feasibility of adopting the Rel-8 TDD paging subframe patterns. With this pattern, it becomes possible to restrict paging occurrence to subframes #0/5 if an operator would like to configure up to 8 subframes for eMBMS. Furthermore, the new carrier type should support transmission of all SIBs in subframes #0/5 to support such MBMS configuration.
Proposal 2: To extend the number of MBSFN subframes beyond 6 for the NCT, RAN1 studies the feasibility of 

· Adopting Rel-8 TDD paging subframe patterns for NCT.

3 EPMCH support on NCT
In Rel-9/10/11, the PMCH in a MBSFN subframe automatically occupies the entire channel bandwidth and ten OFDM symbols with extended CP (ECP). The first two OFDM symbols with normal CP (NCP) can carry PDCCH for UL scheduling and other needs. There are several shortcomings with this structure. The control channel capacity can be constrained at times and it is not possible to use EPDCCH for interlayer control channel ICIC in heterogeneous networks. Furthermore, the granularity of MBMS resource configuration is one whole subframe, which is quite coarse.

For the new carrier type, it may be beneficial to consider alternative solutions to address the above identified shortcomings on the legacy carrier. One possible candidate is to consider an EPMCH with configurable bandwidth as illustrated in Figure 1 (b). The bandwidth information is transmitted together with MBSFN-SubframeConfig in the SIB for eMBMS service. Potential benefits of this alternative structure include:
· The operator can fine-tune the resources for MBMS services.

· The EPDCCH capacity is also under the operator’s control based on the planned scheduling needs. 

· Interlayer EPDCCH ICIC can be implemented for more robust heterogeneous network operations.
Proposal 3: To provide more robust CCH and more flexible eMBMS resource management on the NCT, RAN1 studies the feasibility of an EPMCH with configurable bandwidth.
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 (a) Rel-8 MBSFN subframe 

(b) NCT EMBSFN subframe candidate

Figure 1 MBSFN subframe illustrations (DM-RS port #4 are transmitted only with (E)PMCH).
4 Conclusions
In this contribution we consider potential enhancements to MBMS on the new carrier type. We propose the following

Proposal 1: For efficient MBMS operations and support for both CONNECTED and IDLE UEs, common search space and EMBMS service related SIB broadcasting should be specified for the new carrier type.

Proposal 2: To extend the number of MBSFN subframes beyond 6 for the NCT, RAN1 studies the feasibility of 

· Adopting Rel-8 TDD paging subframe patterns for NCT.

Proposal 3: To provide more robust CCH and more flexible eMBMS resource management on the NCT, RAN1 studies the feasibility of an EPMCH with configurable bandwidth.
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