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1. Introduction

At the RAN1 #72 meeting a working assumption was taken that, subject to feasibility with reasonable complexity, MCH reception shall be supported on NCT for UEs that support MCH reception on a SCell. It was agreed that RAN1 would study how to deliver the corresponding control and system information and details of the relevant physical channels. In parallel, an LS was sent to RAN2 informing them of RAN1’s decisions and asking them to study the feasibility of MCH reception on a NCT. In this contribution we consider the required physical layer enhancements to support MBMS on a NCT taking into account the reply LS from RAN2 in [1].
2. Discussion
We first consider details of MBMS reception on a legacy carrier type. From a higher layer perspective, support of MCH reception on a legacy carrier type (LCT) requires the following details:
1. Provision of the MBSFN subframe configuration in SIB2.
2. Provision of information required to acquire MBMS control information associated with one or more MBSFN areas on the same or different carrier frequencies, which is signaled in SIB13 and SIB15 respectively.
3. In addition, the schedule of system information in the SIBs is provided by SIB1.

4. MCCH control, scheduling and traffic information provided on MCCH and DCCH.

From a physical layer perspective, MBMS system information, like other types of system information, is transmitted on PDSCH, which is scheduled by PDCCH in the common search space (CSS). In addition the UE is notified of a change in MCCH control information by detecting a PDCCH conveying DCI format 1C in the CSS, with the CRC scrambled by the M-RNTI. 
Therefore, from the preceding details it should be clear that a new mechanism may be required for MCH reception on the NCT. For a SCell-NCT, the MBSFN subframe configuration can be provided as part of the SCell configuration. However, a new mechanism is needed at least for providing SIB13 (and SIB15 if applicable). In [1], RAN2 concludes that, if supported, both RRC_IDLE and RRC_CONNECTED UEs should be able to receive MBMS on the NCT. As such, providing MBMS information by dedicated signaling is not a viable option. Therefore, we consider alternative options. 
Option 1: SIBs containing at least SIB13 for an NCT are provided on an associated LCT [1]
For this option MBMS information for an NCT is provided on an associated LCT. If different UEs are connected to different primary serving cells, but are interested in receiving MBMS on a particular NCT, multiple PCells need to transmit the MBMS information of a single NCT. Clearly, this requires changes to MBMS procedures from a higher layer perspective. However, from a RAN1 perspective we do not see any issues with this approach with regard to PMCH transmission. Indeed, this approach is suited for, e.g., macro-assisted small cell deployments, which is still being debated in RAN1 in the context of standalone NCT. 
Option 2: MBMS related system information are provided on the NCT [1]
From a higher layer perspective this option is the simplest as it does not require any changes to existing MBMS procedures. However, it requires provision of a CSS on the NCT. This is a non-trivial task from a PHY perspective and is in fact one of the main impediments to introducing a standalone NCT. Other related design aspects include:

· For RRC_IDLE UEs the DL system bandwidth of the NCT needs to be signaled on a new physical broadcast channel. 
· It may be desirable to allow concurrent transmission of MBMS and EPDCCH in the same subframe to support e.g. scheduling of UL grants. In this case, separate signaling of the PMCH bandwidth is required if it is different from the DL system bandwidth.
· If the PMCH bandwidth is smaller than the system bandwidth it could mean a somewhat lower performance for MBMS services on the NCT compared to MBMS on a LCT at full bandwidth. 
Since these issues are also related to how to support a standalone NCT, it is preferable to first await a conclusion on introduction of a standalone NCT.

Observation: Support of MBMS on a NCT should not be a primary motivation for introducing a standalone NCT.
Option 3: Time multiplexing of LCT and NCT subframes

It was mentioned in in [2] that a primary motivation for supporting MBMS on a NCT is the possibility to increase the MBSFN subframe utilization ratio from 60% to 80% on the NCT. This is made possible by restricting paging notifications to subframes 0 and 5 for FDD. Fortunately these are also the same subframes containing PSS/SSS. However, we note that this optimization is not possible for TDD, where even if paging is not considered, the PSS/SSS are transmitted in subframes 0, 1, 5, 6. 
Regardless of the promise of improved MBMS transmission efficiency, it is worthwhile to consider transmitting MBMS on a NCT since it maximizes an operator’s investments in spectrum. The legacy mechanism of providing MBMS system information can be maintained by multiplexing legacy MBSFN subframes with NCT subframes. For example, subframes 0 and 5 can contain a legacy PDCCH for scheduling system information including cell-specific broadcast information. All other subframes can be configured for PMCH transmission. A similar viewpoint is also presented in [3].

3. Conclusion
This contribution considers physical layer implications of supporting MBMS reception on a NCT. Taking into account RAN2’s views we propose that
· Support of MBMS on a NCT should not be a primary motivation for introducing a standalone NCT. 
· Rather, RAN1 should introduce a standalone NCT, if the overall benefits outweigh its specification and complexity.

· MBMS can be supported on a NCT by either:

· Providing MBMS-related SIBs on an associated LCT e.g. for macro-assisted scenarios, or

· Time-multiplexing LCT and NCT subframes on the same carrier.
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