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1. Introduction
Multimedia Broadcast Multicast Services (MBMS) provide efficient delivery of the same content to multiple users, and is an important solution to address the increase on global mobile data traffic. MBMS targets for a range of use cases: live streaming of video for high-demand content such as live sports and breaking news, non-real-time file delivery of popular contents (video, music and pictures), software updates and emergency broadcasts. Emerging use cases include machine type communications and broadcasting of warning messages and information to reduce the radio resource usage and control traffic for vehicular applications. 
MBSFN is a multi-cell synchronous transmission that several time synchronized cells within a particular area, defined as MBSFN area, transmit simultaneously the same MBMS data. MBSFN is efficient in large area due to MBSFN gain, i.e. multi-cell combining. 
In this contribution, we propose to study MBMS support in NR framework. We discuss numerology, dynamic multiplexing and synchronization issues to support MBSFN in NR.

Discussion
2.1  Numerology design to support MBSFN in NR
LTE specifications support a downlink OFDM mode using 7.5 kHz subcarrier spacing and long cyclic prefix (CP) of 33.3 µs. However, it cannot be implemented because there is no signalling defined indicating the use of this mode. Even longer CP is required to support MBSFNs in areas with large ISDs (e.g. 15 km or larger inter-site distance), in particular in low frequency bands as in the 700 and 800 MHz bands and rural scenarios where indoor losses are smaller or for outdoor (rooftop) antennas as they are used for TV reception in many countries. How long the CP should be depends on the inter-site distance, which needs further study and input from industry. 
As there could be different cell radius targets for different MBMS scenarios, multiple numerology set could be necessary. For urban area broadcast, extended CP based on LTE extended CP could be used. When further longer CP is necessary, it can be supported either by scaling down subcarrier spacing or by using extended CP, or both. The best numerology can be selected based on the required length of CP, latency requirement, and multiplexing mechanism with other different numerology(s). 
In some applications such as small area broadcast, eV2X, etc., where the expected delay spread is not expected to be significantly larger than unicast, normal CP can be used to improve the efficiency by transmitting one more data symbol per slot and less RS symbol.

Proposal 1: Study numerologies to support MBSFN in NR. 
Proposal 2: Numerology design for MBSFN can be scaled based on 15 kHz subcarrier spacing with extended CP and possibly with normal CP.  

2.2  Frame structure supporting MBSFN in NR
Given support for multiple services in NR, it is natural to expect some level of multiplexing between unicast and MBSFN on a given operator bandwidth. In some cases, a semi-static partitioning as in LTE may be sufficient, but in most cases incoming MBMS data may not fill in the MBSFN subframes and therefore more dynamic sharing of resources brings benefits in terms of better resource utilization. We can consider subframe-by-subframe dynamic time division multiplexing of unicast and MBSFN. Even we can consider time division multiplexing within a subframe an example of which is mini-subframe level multiplexing. Mini-subframe is a smaller unit than subframe and typically comprises two or seven OFDM symbols [1]. 
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Proposal 3: We should study frame structure that allows for dynamic multiplexing of unicast and MBSFN. We should also study mechanisms to facilitate dynamic multiplexing of unicast and MBSFN.
Proposal 4: We should consider semi-static multiplexing, subframe-level dynamic multiplexing and mini-subframe level dynamic multiplexing as multiplexing schemes of unicast and MBSFN. 
Proposal 5: We should consider both time division multiplexing and frequency division multiplexing for dynamic multiplexing of unicast and MBSFN.

2.3  Reference signal and/or synchronization signal design for MBSFN support in NR
A typical example showing multiplexing of unicast and MBSFN within a subframe is shown in Figure 1. In Figure 1(a), a subframe comprises two unicast OFDM symbols and three MBSFN OFDM symbols. Typically, MBSFN OFDM symbols have much smaller subcarrier spacing and therefore larger OFDM symbol duration with larger CP. Figure 1(b) further illustrates MBSFN chunk whereby MBSFN data is carried in case of FDM of unicast and MBSFN. 
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(a)                                    (b)
Figure 1. Multiplexing of unicast and MBSFN within a subframe
Typical procedure from a receiver perspective is to access RRC scheduling information on MBSFN OFDM symbols or MBSFN chunk from unicast OFDM symbols and acquire the MBSFN OFDM symbols or the MBSFN chunk to reach MBSFN data. There you can see potential synchronization issues arising from large difference between subcarrier spacing of unicast and MBSFN. More specifically, much smaller subcarrier spacing of MBSFN to support large ISD makes frequency pull-in problematic from MBSFN numerology point of view and even after success pull-in, residual frequency error may not provide enough condition to decode MBSFN data without errors. Having that in mind, we should consider special synchronization signals and/or tracking reference signals to address this synchronization issue in case smaller subcarrier spacing numerology shares the synchronization signals intended for larger subcarrier spacing.

Proposal 6: When needed, consider additional synchronization signals and/or tracking reference signals to assist frequency tracking, particularly for longer CP with smaller subcarrier spacing numerologies for MBMS.

Conclusion
In this contribution, we discussed numerology, dynamic multiplexing and synchronization issues to support MBSFN in NR. The following proposals were submitted for further consideration: 

Proposal 1: Study numerologies to support MBSFN in NR. 
Proposal 2: Numerology design for MBSFN can be scaled based on 15 kHz subcarrier spacing with extended CP and possibly with normal CP.  
Proposal 3: We should study frame structure that allows for dynamic multiplexing of unicast and MBSFN. We should also study mechanisms to facilitate dynamic multiplexing of unicast and MBSFN.
Proposal 4: We should consider semi-static multiplexing, subframe-level dynamic multiplexing and mini-subframe level dynamic multiplexing as multiplexing schemes of unicast and MBSFN. 
Proposal 5: We should consider both time division multiplexing and frequency division multiplexing for dynamic multiplexing of unicast and MBSFN.
Proposal 6: When needed, consider additional synchronization signals and/or tracking reference signals to assist frequency tracking, particularly for longer CP with smaller subcarrier spacing numerologies for MBMS.
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