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1. Introduction 
New RAT aims to support various features within a single framework of the system. Some features may be introduced in a later phase and employ different subcarrier spacing and other numerology parameters than the features adopted in an earlier phase. In RAN1#85, the following was agreed to multiplex and support the features adopted in different phases:
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs

· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported

· FDM and/or TDM multiplexing can be considered
This contribution discusses props and cons of TDM and FDM multiplexing of different numerologies, and potential issues of the respective multiplexing approaches. A companion contribution discusses the multiplexing for forward compatibility in frame structure and operation perspective [1].
2. Time domain multiplexing of different numerologies
A simple form of introducing and multiplexing different features within a same NR carrier bandwidth is to multiplex the corresponding numerologies into different time intervals. Figure 1 is an example illustration of time domain multiplexing of subframes with different subcarrier spacing. In the figure, each time interval for the respective subcarrier spacing is assumed to have 14 OFDM symbols whose duration scales down or up in proportion to scaling of the subcarrier spacing in reference to 15 kHz and 1 ms base numerology. For example, 15 kHz, 30 kHz and 7.5 kHz subcarrier spacing have time intervals of 1 ms, 0.5 ms and 2 ms, respectively.
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Figure 1. Time domain multiplexing of different numerologies.

The time domain multiplexing is a simple and clean-cut approach to support different features and numerologies in NR systems. On the other hand, it has a limitation in supporting seamless and low latency communications. Especially, subframes for 15 kHz and smaller subcarrier spacing has 1 ms or longer duration and will be difficult to handle the traffic which requires prompt transmission and reception. Further, the long subframes impact the operation continuity of short subframes with larger subcarrier spacing, e.g., 60 kHz and 025 ms subframe. Pros and cons of the time domain multiplex are as follows:
Pros:

· Simple and clean structure

· No interference issue between different numerologies due to hard separation in time
· Simple implementation as only a single numerology is applied at a time

Cons:

· Inflexible use of frequency resource to dedicate the whole channel bandwidth to a single numerology at a time

· Discontinuity in transmissions and receptions due to interlacing with other numerology subframes
· Impact on low latency applications

· Impact on periodic transmissions and receptions

It is noted that TDM of different numerologies is supported in LTE. MBSFN subframes in LTE can be configured with 7.5 kHz subcarrier spacing and then the eNB has to switch between 15 kHz and 7.5 kHz subcarrier spacing at the boundary of unicast and MBSFN region. Considering that multiple subcarrier spacing will be supported in NR systems and each service vertical (eMBB, mMTC, URLLC) may adopt a different numerology, it seems that TDM multiplexing of different numerologies should be supported. Also, TDM multiplexing would be useful in heterogeneous network scenarios where small cells experience shorter delay spread than macro cells and thus configuring shorter subframe with larger subcarrier spacing in small cells would be reasonable. The short subframes can be interlaced among longer subframes of macro cells with being configured as blank subframes in the macro cell. 
3. Frequency domain multiplexing of different numerologies 
As a more flexible approach than time domain multiplexing, multiple services based on different numerologies can be provided simultaneously by allocating separate frequency resources for the respective applications. Figure 2 illustrates an example that subframes of different subcarrier spacing are allocated on separate frequency blocks within a system bandwidth. The grids in the frame structure for each subcarrier spacing correspond to time interval boundaries with 14 symbols within each grid. Since the subcarrier spacing and FFT/IFFT timing are different between the numerologies, guard subcarriers should be placed at the boundaries of each subcarrier spacing region. Although a single numerology is applied on each of the frequency blocks in Figure 2, time domain multiplexing of multiple numerologies on the same frequency block can be applied on top of the frequency domain multiplexing.
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Figure 2. Frequency domain multiplexing of different numerologies.

Frequency domain multiplexing has the following pros and cons:
Pros:

· Flexibility in multiplexing various services and features 

· Efficient use of time-frequency resources based on the resource need of each service

· Seamless support of applications by configuring the required subframes continuously in time
· Low latency and on-time/periodic transmissions are well supported
Cons:

· Need to align the DL and UL parts of the FDMed numerologies to avoid DL/UL interference 
· Impact on eNB transmitter and receiver implementations to handle different numerologies (subcarrier spacing, symbol duration, CP duration, etc.) simultaneously
· More complicated and irregular frame structure
The interference issue due to misalignment of DL and UL parts of the FDMed numerologies is simply illustrated in Figure 3. When FDM multiplexing of different numerologies is configured, the network should carefully configure the frame structure of each numerology so as to align the guard periods of the FDMed numerologies without DL/UL conflict, with taking into account the effects of implicit timing advance of the UL parts. 
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Figure 3. An example of DL and UL part conflict in FDM case. 
In LTE, FDM of different numerologies is already supported when multiplexing PRACH and other UL physical channels. LTE PRACH channels employ 1.25 kHz or 7.5 kHz subcarrier spacing and eNBs should separately handle PRACH receptions from other UL physical channels (15 kHz). Also, NB IoT UL has added 3.75 kHz subcarrier spacing which is in-band multiplexed with LTE, though the eNB can receive both LTE and NB IoT signals using a single FFT. 
4. Conclusion 

In this contribution, we discussed TDM and FDM multiplexing of different numerologies from a network perspective. As presented in the contribution, both approaches would be useful to support and multiplex various service applications in the network. Combination of both approaches can provide the required and sufficient flexibility to manage the resources in accordance to the provided services in the network. It is also noted that LTE standards support both TDM and FDM multiplexing of different numerologies for the support of LTE unicast, MBSFN, NB IoT, etc.. Based on these observations, we propose the following:
Proposal 
· Both TDM and FDM multiplexing of different numerologies is supported from a network perspective
· The network can flexibly operate its resource in pure TDM or pure FDM or TDM/FDM combined manner. 
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