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Introduction
At RAN1#86, several agreements around the frame structure was agreed upon (see the Appendix B for the complete decisions)
· A subframe duration is defined by 14 OFDM symbols in a reference numerology 
· A subframe duration for a reference numerology with subcarrier spacing (2m*15) kHz is exactly 2-m ms
· Symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration in a NR carrier
There is also a common understanding that, for 15 kHz subcarrier spacing, the NR OFDM symbol duration is identical to that of LTE with every seventh OFDM symbol having a slightly longer cyclic prefix than the subsequent six OFDM symbols. 
Unfortunately, these agreements can in some situations contradict each other as described in Appendix A.
Discussion
The main purpose of the subframe is to act as a numerology-independent timing reference. The benefit of supporting multiple reference numerologies is therefore questionable, especially in a multi-cell scenario with different cells using a different reference numerology, and selecting a single reference numerology (i.e. a single subframe duration) is sufficient and simplifies the overall design. Note that the reference numerology is used to define the subframe duration and does not restrict the numerologies and slot durations possible to use for actual transmission. A reference numerology of 15 kHz, resulting in a 1 ms subframe duration, is recommended as it simplifies interaction with LTE. 
Conclusion
It is suggested to define the subframe duration to be 1 ms (i.e. setting the reference numerology used to define the subframe to 15 kHz). 


Appendix A – Possible contradictions resulting from previous RAN1 agreements
Assuming symbol alignments, each OFDM symbol is split into two shorter OFDM symbols when moving to the next higher subcarrier spacing as shown in Figure 1. Starting with the LTE structure, this implies 14 OFDM symbols having a length of 
· exactly 1 ms at 15 kHz subcarrier spacing,
· exactly 0.5 ms at 30 kHz subcarrier spacing
· approximatively 0.2502 ms or 0.2497 ms at 60 kHz subcarrier spacing (the number depends on which sequence of 14 OFDM symbols that is considered, see Figure 1).
Thus, as seen from these examples with a subframe duration of not exactly 2-m ms for reference subcarrier spacings of 60 kHz and higher, the three agreements above can sometimes contradict each other.
To resolve these contradictions, several options can be envisioned:
· Restrict reference numerologies to be at most 30 kHz, i.e. not allowing subframes durations shorter than 0.5 ms. Note that scheduling intervals shorter than the subframe duration are still possible according to the discussions at RAN1#86 and transmission durations shorter than 0.5 ms can be possible if needed (e.g. at mm-wave frequencies). 
· Apply direct scaling of the LTE numerology to obtain the reference numerology and define higher/lower numerologies using symbols alignment starting from the reference numerology. Starting from a higher reference numerology, e.g. 60 kHz, and scaling down results in the 15 kHz numerology obtained as scaling of the 60 kHz reference numerology not having the same symbol boundaries as the LTE 15 kHz numerology. 
· Accept that subframe durations are not always exactly 2-m ms in duration (i.e. revert one of the RAN1 agreements).
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[bookmark: _Ref460240078]Figure 1: Symbol alignment and subframe duration for different reference numerologies.



[bookmark: _GoBack]Appendix B – Decisions from RAN1#86

Agreements:
· A subframe duration is defined by the duration of x OFDM symbols given a reference numerology 
Agreements:
· Followings are considered as starting points of NR frame structure at least within the CP overhead 
· Subframe
· Already agreed upon
· Assume x=14 in the reference numerology for subframe definition (for normal CP)

Agreements:
· Subframe duration in ms for a reference numerology with subcarrier spacing (2m*15)kHz is exactly 1/2m ms

Working assumption:
· Alignment within a subframe
· Symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration in a NR carrier
· FFS: Unlicensed spectrum case
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