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Introduction
In RAN1#85, the following agreements related to NR TDD frame structure have been achieved [1]:
· 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
· For the numerology with 15 kHz and larger subcarrier spacing ,1 msec alignment is supported
· At least the following time domain structures should be studied/evaluated for NR
· DL transmission region (containing data assignments and data), guard region, UL transmission region (containing UCI)
· DL transmission region (containing data assignments), guard region, UL transmission region (containing data, UCI)
· Other structures not precluded
· Note: there is no assumption between the relationship of assignments and data in the above
· FFS: there can be guard region after the uplink transmission region.
· FFS: Study candidate solutions where 1 structure spans at most a time interval of 1 ms
· FFS: Metrics for study/evaluation
· Note: This does not preclude the same structure could span multiple 1 msecs

In TDD, frequent DL-UL switching is required in order to support low latency communication in both DL and UL. This feature impacts the benefits and use cases of multiplexing different numerologies within the same NR carrier bandwidth. This contribution discusses the TDD frame structure with mixed numerology from the viewpoint of frequency domain resource utilization efficiency.
Discussion
Efficiency issue in TDD frame structure with mixed numerology
In view of the availability of frequency spectrum and CAPEX/OPEX of network deployment, it is desirable to efficiently support multiplexing of traffic for different services and use cases on the same contiguous block of spectrum. Because each service and/or use case has its own unique requirements, desirable numerologies for them are also different. For example, a numerology with a short symbol duration can provide more flexibility to meet latency requirements for URLLC, while a numerology with a long symbol duration and a CP sufficient for the delay spread may bring higher efficiency. In the previous RAN1 meeting, it is agreed that FDM and/or TDM multiplexing of different numerologies within a same NR carrier can be considered to ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs. 
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Fig. 1 Additional overhead in TDD subframe structure with mixed numerology

DL-UL switching brings more constraints on the design of TDD frame structure with mixed numerology, compared to FDD. Alignment of DL-UL switching points among different numerologies may introduce an additional muting period for a numerology with a longer symbol duration. Fig. 1 illustrates an example of this additional overhead from this additional muting period. In Fig. 1, it is assumed that DL-UL switching happens twice in every 0.5ms, the symbol duration for the numerologies with SCS (sub-carrier spacing) = 30kHz and 15kHz are 1/28ms and 1/14ms, respectively. In this case, the length of the additional overhead equals 1/28ms, resulting in lower efficiency (by 7.7%). Such degradation should be avoided in order to maximize the benefit of mixed numerologies in frequency domain.

Efficient FDM of different numerologies 
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Fig. 2 Separate multiplexing in DL transmission region and UL transmission region

Two approaches can be taken to reduce the additional overhead on DL-UL switching.
The first approach is to select the appropriate numerology individually in each of the DL transmission region and the UL transmission region. Fig. 2 shows an example of manipulating the appropriate numerology in DL and UL transmission regions within a 0.5msec period. The point is, in each 0.5msec, one region multiplexes two different numerologies in the frequency domain, while the other does not. 
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Fig. 3 Mixed numerology in both frequency domain and time domain

The second approach is to multiplex different numerologies in both frequency and time domains. Fig. 3 shows an example of a proper alignment for each region with multiple numerologies. It allows insertion of a component with a different numerology before or after the DL-UL switching interval.
For both approaches, possible options for each of DL transmission region and UL transmission region will change depending on the location and length of guard region, and the symbol durations available. Whether the full flexibility to enable all options for both regions is needed could be further studied. 

Observation: To avoid efficiency degradation in the TDD subframe structure, FDM of different numerologies should be possible independently in the DL and UL transmission regions. In addition, TDM of different numerologies can be further adapted inside the DL transmission period and/or UL transmission period to provide more flexibility for achieving high efficiency.  

Proposal: Support FDM of different numerologies independently in DL and UL transmission regions. TDM of different numerologies or different combinations of numerologies in the same frequency block should be considered in both DL and UL transmission regions.
 
Conclusions
This contribution discussed application of FDM of different numerologies in TDD subframe structure. Based on the discussion, the observations and proposals are summarized as follows,

Observation: To avoid efficiency degradation in the TDD subframe structure, FDM of different numerologies should be possible independently in the DL and UL transmission regions. In addition, TDM of different numerologies can be further adapted inside the DL transmission period and/or UL transmission period to provide more flexibility for achieving high efficiency.  

Proposal: Support FDM of different numerologies independently in DL and UL transmission regions. TDM of different numerologies or different combinations of numerologies in the same frequency block in both DL and UL transmission regions should be considered.
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