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1 Introduction
Multimedia Broadcast Multicast Service (MBMS) in LTE networks can efficiently deliver file and streaming contents to a group of users. Whether to support MBMS on NCT should be considered as the standardization of NCT is on-going. If such a service is desirable, how to implement MBMS on NCT needs to be discussed. 

In this contribution, we discuss the benefits of supporting MBMS on NCT. In addition, we share our views on how to multiplex control channel and PMCH for NCT.
2 The Necessity to Support MBMS on NCT
For NCT, MBMS can be an attractive feature. If MBMS is not supported by NCT, the broadcasting service can only be provided by legacy carriers. Therefore, if the carriers configured for one UE are all NCT, then the UE may not be able to benefit from MBMS. Instead, the network may need to use unicast for such UEs which results in low efficiency. 
It is envisioned that NCT-based eNBs will be steadily installed in the network and serve an increasing number of users. It is therefore critical to support MBMS for NCT and the necessity has been discussed during the previous RAN workshop on Rel-12 and onwards [1]-[3].
3 Multiplexing of L1/L2 Control Channel and PMCH for Legacy Carrier
The resource block structure of a PMCH subframe on a legacy carrier is shown in Figure 1. The first two OFDM symbols contain the control region which is used for the downlink L1/L2 control channels (PDCCH, PCFICH and PHICH). These control channels are transmitted in PMCH subframes to provide UL scheduling grants and power-control commands for uplink transmissions. While the TPC command may be sent in another subframe not carrying PMCH, UL grant transmission is necessary for scheduling PUSCH transmission in the corresponding UL subframe.

The first two OFDM symbols have the same cyclic prefix length as non-MBSFN subframes. CRS transmitted in the control region is used for the demodulation of the control channels. The remaining OFDM symbols, with extended cyclic prefix, are used for PMCH which is transmitted synchronously from multiple cells. MBSFN-RS is used for PMCH demodulation as shown below. PMCH is carefully designed to support the broadcast transmission. Hence if MBMS is supported for NCT, it is preferred that the current design for PMCH is considered as the baseline.
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Figure 1. Resource block structure for PMCH subframes on a legacy carrier with 1 CRS port.
4 Multiplexing of L1/L2 Control Channel and PMCH for NCT
If MBMS is supported by NCT, how to multiplex control channel and PMCH should be considered. In Rel-11, it was agreed that EPDCCH is not transmitted in PMCH subframes and control signalling is transmitted via the legacy control region in the first two OFDM symbols. Nevertheless, as described by [4], minimizing legacy control signalling reduces the interference, allowing for higher end-user throughput and improving system spectral efficiency. Therefore, whether the legacy control region should be maintained, at least for PMCH subframes on NCT, needs to be discussed.

For multiplexing of control channel and PMCH on NCT, three alternatives are considered as follows.
Alt 1: Cross carrier/subframe scheduling
Alt 1 tries to avoid transmitting control signalling on PMCH subframes. Not transmitting certain control signals in the PMCH subframe, such as the TPC command, has no significant impact to the system. For UL grants, either cross-carrier or cross-subframe scheduling may be needed for PUSCH scheduling.
If cross-carrier scheduling is used, UL grants can be transmitted on another DL carrier if more than one CC is configured for a UE. Obviously, CA capability is required for a UE. However, this solution is not applicable to UEs that do not support cross-carrier scheduling. Obviously, this cross-carrier scheduling based solution is not a unified solution which can address the problem in all possible CA configurations with all possible UE capabilities. 
Another possibility is to use cross-subframe scheduling to avoid control signalling transmission in PMCH subframes, as shown in the figure below. To schedule a PUSCH transmission in a subframe, which is 4 subframes for FDD system and k subframes for TDD system, after a PMCH subframe, the UL grant is transmitted in advance in a previous subframe which does not carry PMCH. This solution would require a new HARQ timing.
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Figure 2. Cross-subframe UL scheduling.
Alt 2: FDM of control channel and PMCH
Control channel and PMCH may be multiplexed in a FDM manner, i.e., control signalling could be transmitted via EPDCCH which is located in different PRBs from PMCH. Although prohibited by the Rel-11 specifications, it is possible to allow EPDCCH transmission in PMCH subframes on NCT in Rel-12. In this case, PMCH would have to be redesigned as it would occupy only partial bandwidth rather than the whole. The legacy control region would be unnecessary and could be removed. Consequently PMCH can be extended to the first two OFDM symbols. All OFDM symbols in the subframe may adopt extended cyclic prefix to ensure that the propagation delay caused by multiple cell transmission can be covered. The EPDCCH design for extended cyclic prefix can be reused.
As the PRB allocation for PMCH should be the same for the neighboring cells to ensure multi-cell transmission, the remaining PRBs that can be used for EPDCCH transmission are also identical in these cells. The major merit of EPDCCH, i.e., frequency domain ICIC, may still be realized but with limitations. Another issue for this solution is that different resource allocation for PMCH needs to be specified for NCT and legacy carrier. Therefore two neighboring cells may not be able to perform synchronous transmission of PMCH if these two cells employ legacy carrier and NCT respectively. 
Alt 3: TDM of control channel and PMCH
The most straightforward way to multiplex control channel and PMCH would be maintaining the TDM manner as shown by Figure 1. The legacy resource block structure may be kept in NCT, and no change would be needed to the PMCH. MBMS backward compatibility is very well kept. Only limited standard efforts are needed for this approach. 
In this case, two different schemes can be considered for control signalling transmission. One scheme is to maintain the structure of the legacy PDCCH and PHICH. Transmit diversity schemes such as SFBC may still be inherited. CRS in the legacy control region may be kept for the demodulation purpose. Alternatively, new DMRS patterns can be designed. Another scheme is to design a new EPDCCH contained in the first two OFDM symbols for the control signalling transmission. 
5 Conclusions
This contribution discusses the issues related to multiplexing of control channel and PMCH for NCT. Three possible alternatives are discussed. Our proposal is:
· L1/L2 control signalling can be transmitted in PMCH subframes for NCT. Multiplexing of control channel and PMCH by TDM is preferred.
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