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Introduction
At RAN1#85, a scalable numerology with the subcarrier spacing given by

was agreed. Furthermore, for n=0, the OFDM symbol boundaries are aligned with the LTE for normal cyclic prefix. Hence, the first of the seven OFDM symbols in a 0.5 ms period has a somewhat longer cyclic prefix than the other six OFDM symbols as illustrated in Figure 1. 	
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[bookmark: _Ref457848887]Figure 1: Cyclic prefix lengths at 15 KHz subcarrier spacing.
Discussion
The fact that the first OFDM symbol in a 0.5 ms period (at 15 kHz) has a slightly longer cyclic prefix raises the question how to scale the OFDM symbol boundaries for other numerologies. Two basic approaches can be envisioned:
· direct scaling of the LTE slot (left part of Figure 2), or
· maintaining symbol boundaries across numerologies (right part of Figure 2).
Note that scaling may go both upwards to higher subcarrier spacings (positive n) as well as downwards to lower subcarrier spacings (negative n) and the scheme adopted must support both alternatives. When moving upwards to higher subcarrier spacings, each symbol in the original numerology is split into two. Similarly, when moving towards a lower subcarrier spacing, two symbols are merged into one longer symbol.
Adopting a direct scaling of the LTE slot structure is straight forward to describe; numerologies other than 15 kHz can simply be described as scaling of an LTE slot. Seven OFDM symbols would in this case be exactly 0.25 ms long at 30 kHz, 0.125 ms long at 60 kHz, etc.
Maintaining symbol alignment across different numerologies provides the benefit of symbol boundaries being aligned between different numerologies. In the right part of Figure 2, each symbol is split in half when going to higher subcarrier spacings, resulting in the first two symbols having longer cyclic prefix in a 0.5 ms period at 30 kHz (and four at 60 kHz, etc). Alternatively, the longer cyclic prefix could be absorbed by the first symbol also for higher subcarrier spacings. The two alternatives for maintaining symbol alignment are illustrated in Figure 3. There will always be an integer number of OFDM symbols per 0.5 ms interval (for subcarrier spacings of 15 kHz or larger).
Time-multiplexing of different numerologies such that, as an example, one OFDM symbol at 15 kHz can be replaced by two OFDM symbols at 30 kHz, is in principle possible for all the scaling approaches. However, in case of direct scaling,  the “OFDM symbol clock” for the two 30 kHz symbols on a 15 kHz carrier part will not be aligned with the “OFDM symbol clock” for a pure 30 kHz carrier part as illustrated in Figure 4. This complication is not present if the symbol boundaries are aligned from the start. It is therefore proposed to maintain the symbol boundaries across different numerologies to simplify implementation of multi-numerology capable equipment.
[image: ]
[bookmark: _Ref457849732]Figure 2: Direct scaling of LTE slot (left), maintaining symbol alignment across numerologies (right). Symbols with slightly longer CP are colored in light orange.


[bookmark: _Ref458518691]Figure 3: OFDM symbol lengths (incl CP) in multiples of LTE Ts when maintaining symbol alignment across numerologies (open the excel object for a better view). Symbols with slightly longer CP are colored in light orange.
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[bookmark: _Ref458683802]Figure 4: Example of time-multiplexing different numerologies (one 15 kHz symbol replaced by two 30 kHz symbols).
Conclusion
It is proposed to 
· maintain symbol boundary alignment across different numerologies as illustrated in the right part of Figure 2 
together with
· defining a subframe as 0.5 ms for subcarrier spacings of 15 kHz and higher [2], and
· allowing transmissions to start not only at the subframe boundaries [1].
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