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1 Introduction
In the RAN1#72 meeting, the necessity to support eMBMS on NCT has been discussed and the following working assumption was reached: 

· 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 channel(s)

FFS whether the maximum number of subframes that can contain MCH is increased compared to the legacy carrier type
An LS [1] was sent to inform RAN2 of this working assumption and RAN2 was asked to provide a feasibility and complexity study. The corresponding LS reply can be found in [2]. This contribution discusses open issues of the MBMS operation on NCT in terms of MBMS-related system and control information delivery, relevant physical channel design, as well as MBSFN subframe numbers.
2  Discussion 
2.1 System and control information handling
UE needs to have correct MCCH configuration for successful PMCH reception. Some MBMS control information is included in SIB13 and SIB15, e.g., MCCH configurations (SIB13), MCCH change notifications (configuration in SIB13, notifications on PDCCH), and service area identities (SIB15). In the last meeting, RAN2 discussed how to support MBMS on NCT, focusing on the provision of MBMS-related system and control information aspects. Three solutions were considered for the delivery of NCT SCell system information:
· Alt.1: Via dedicated signalling

· Alt.2: SIBs containing at least SIB13 for NCT are provided by an associated  BCT (Backward compatible Carrier Type)
· Alt.3: MBMS related system information is provided on NCT

The obvious disadvantage of Alt.1 is that it only enables RRC_CONNECTED UEs to access the MBMS service on the  NCT SCell. Since MBMS is a multicast service, it is preferable to serve as many UEs as possible. There should be no restriction w.r.t. the UE connection state for MBMS reception, as supported by previous LTE releases, i.e., a UE in idle state or connected state is able to receive the MBMS service. UEs interested in receiving only the eMBMS service can stay in RRC_IDLE mode instead of CONNECTED mode, thereby reducing network loading significantly. If the MBMS service is not supported for UEs in IDLE mode on NCT SCell, an undesirable lack of MBMS service availability could be caused unlike the situation in previous releases. 

Both Alt.2 and Alt.3 can support UEs in IDLE mode as well as in CONNECTED mode to access the MBMS service on NCT SCell and are feasible solutions from RAN2 signaling perspective. Also, both solutions impact service continuity handling if paging cannot be provided on NCT, because UE would need to receive paging from the legacy carrier while receiving MBMS from NCT. 

In the following we provide additional observations related to the alternatives Alt.2 and Alt.3: 

· The advantage of Alt.2 is that it provides a unified solution for both non-standalone NCT and standalone NCT. A common solution is expected to reduce the implementation complexity of MBMS terminals. However, Alt. 2 has significant specification impact in terms of MBMS procedures and service continuity. From RAN1 perspective, this approach requires to extend the MCCH change notifications on PDCCH. For example, DCI format 1C needs an additional field to indicate the carrier frequency of the changed MCCH or TDM multiplexing of DCI format 1C for different MBMS carriers. 

· Alt.3 is a straightforward solution if standalone NCT is supported in Rel-12, because the MBMS related SIBs can be transmitted in standalone NCT SIBs. Note that this solution cannot be directly used for non-standalone NCT SCell unless SIB13-like information is added to the non-standalone NCT or by utilizing Alt.2 (SIBs are provided by an associated LCT). Furthermore, this approach requires significant RAN1 standardization efforts, such as changes to the common search space design on EPDCCH and DMRS-based transmission schemes to enable MBMS-related system information transmission on NCT. 
Table 1: Comparsion of available solutions for MBMS on NCT

	Solutions
	RRC_IDLE UE support
	Non-standalone NCT support
	Standalone NCT support
	Service continuity Issue
	Scalability with UE number
	Specification impact

	
	
	
	
	
	
	PHY spec
	RRC spec

	Alt.1
	No
	Yes
	Yes
	No
	Bad
	Same
	Same

	Alt.2
	Yes
	Yes
	Yes
	Possible
	Good
	Same
	More

	Alt.3
	Yes
	No 
	Yes
	Possible
	Better
	More
	Less


Table 1 summarizes the tradeoffs for each alternative. It is shown that Alt.1 is not preferred due to the lack of MBMS support for RRC_IDLE UEs. Both Alt.2 and Alt.3 can be further considered due to their dependency on whether standalone NCT will be supported in Rel-12. If standalone NCT is supported in Rel-12, Alt.3 is preferred due to its lower impact on both specification and implementation; otherwise, Alt.2 is preferred for MBMS support on non-standalone NCT. 

Based on above, we propose: 

Proposal 1: MBMS-related system information is broadcasted either on an associated LCT or NCT by taking into account whether standalone NCT is supported in Rel-12. 

2.2 Multiplexing of L1/L2 control channel and PMCH
In previous LTE releases, Time Domain Multiplexing (TDM) is used for transmission of L1/L2 control channels and PMCH as shown in Figure 1. In the existing TDM design, L1/L2 control channels occupy up to two OFDM symbols at the start of each MBSFN subframe. PMCH in an MBSFN subframe is transmitted in the following OFDM symbols using Extended CP (ECP). However, the existing TDM multiplexing scheme used on BCT may not be suitable for PMCH on NCT as discussed in the following. An alternative FDM based solution is preferred as shown in Figure 1. 
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Figure 1: TDM scheme (left) vs. FDM scheme (right)

The main benefits of the FDM scheme are:

· First, considering that NCT only carries one Rel-8 CRS port with 5 ms periodicity which is not used for demodulation purposes in NCT, DMRS-based EPDCCH should be used to convey DCI information to ensure reliable NCT operation. Additionally, the FDM scheme facilitates the frequency domain ICIC to further enhance cell-edge performance. 
· Second, the FDM scheme enables more flexible and efficient MBMS resource allocation, in both time and frequency domains, by means of configurable MBMS bandwidth via system information. 
· Moreover, the FDM scheme facilitates the power-sharing between unicast L1/L2 control channels and PMCH at the eNB side. The power spectral density (PSD) for PRB pairs used for PMCH can be increased while lowering the PSD on unicast L1/L2 control PRBs (and potential PDSCH as well). This implies that the unused unicast power can be allocated to SFN broadcast traffic resulting in enhanced broadcast SINR and hence improved SFN performance. 

Proposal  2: For NCT, FDM is used for multiplexing L1/L2 control channels and PMCH in MBSFN subframes.
2.3 Number of MBSFN subframes 
LTE is designed to support MBMS on a mixed MBSFN/unicast carrier which is shared between MBMS and unicast services. MBSFN and unicast services are time multiplexed using different subframes. Certain DL subframes which cannot be used for MBSFN transmission (subframes 0, 4, 5 and 9 for FDD and subframes 0, 1, 5, 6 for TDD) are reserved for unicast transmission. For Rel-12 NCT, increasing the maximum MBSFN subframe number to boost the MBMS capacity might be feasible and valuable, given related interest from operators as exrpessed in [3]. As also acknowledged by RAN2 from the signaling point of view, it is relatively simpler for TDD to achieve the MBSFN subframe number increase because the current spec already allows for restricting paging occurrence in subframes #0 and #5 by appropriate paging cycle setting. For FDD, revising the existing paging cycle setting table (e.g., by reusing the paging cycle setting table adopted for TDD) seems necessary with the related standardization efforts expected to be  minor.
Proposal 3: Extend the maximum number of MBSFN subframes beyond 6 for NCT with the detailed solution being FFS.

3 Conclusions

In this contribution, we present our views regarding MBMS support on NCT. Based on the dicussion, we propose that: 
Proposal 1: MBMS-related system information is broadcasted either on an associated LCT or NCT by taking into account whether standalone NCT is supported in Rel-12. 
Proposal  2: For NCT, FDM is used for multiplexing L1/L2 control channels and PMCH in MBSFN subframes.
Proposal 3: Extend the maximum number of MBSFN subframes beyond 6 for NCT with the detailed solution being FFS.
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