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Introduction
At RAN1#86, a structure based on slots and mini-slots were agreed where (in brief) a slot consists of y symbols in the numerology used for transmission and an integer number of slots fitting within a subframe. A mini-slot supports transmission of less than y symbols.
In this contribution we provide more details on the properties of slots and mini-slots. 
What to achieve?
The slot/mini-slot structures should support the following:
· Slot size suitable for MBB traffic
· Subframe boundary aligned to a slot boundary
· Mini-slot with small size suitable for URLLC traffic
· Possibility to start transmission on “any” OFDM symbol (for URLLC and operation in unlicensed bands)
· Possibility to schedule individual slots
· Possibility to schedule multiple slots at a single control occasion
· Both individual control of different slots and “slot aggregation” for longer durations
· Possibility for fast feedback at the end of a slot
· Possibility to schedule individual mini-slots
· Possibility for fast feedback at the end of a mini-slot (?)
· Possibility to run the system such that (some of the) UL feedback never collides with DL from other cells in TDD
[bookmark: _Ref462915871]Proposal
Based on the views and comments expressed at RAN1386, the following characteristics of a slot and mini-slot are proposed as a possible way forward:
· Slot
· 7 OFDM symbols long in the numerology used for transmission
· Can be aggregated with subsequent slots such that one transmission spans a sequence of slots, e.g. to create a 14-symbol long transmission.
· May have DL ctrl at the beginning
· May have UL ctrl at the end
· May start at a multiple of 7 OFDM symbols only  subframe start aligned with a slot boundary
· Mini-slot
· 1 to 6 OFDM symbols long in the numerology used for transmission
· Can be aggregated with subsequent slots (but not with mini-slots)
· May have DL ctrl at the beginning
· May have UL ctrl at the end (pending further study)
· May start at any OFDM symbol
· Ends at a slot boundary at the latest

At RAN1#86, both the values 7 and 14 as a basic unit for slot duration had relatively large support. One possibility to address this could be to support both values, for example through semi-static configuration of 7 or 14. However, avoiding unnecessary configuration is highly beneficial. The number 14 can be achieved as an aggregation of two 7-symbol slots, hence a single slot length of 7 symbols is sufficient. However, depending how mapping of e.g. reference signals are described there could be a difference – in case of aggregating two slots are reference signals assumed in both slots or only in the first of the two slots?
In the discussion above the length of the (mini-)slots are expressed in OFDM symbols assuming normal cyclic prefix for convenience. In case of extended cyclic prefix a slot consists of 6 OFDM symbols instead of 7. Similarly, if one symbol is replaced by two shorter symbols with twice the subcarrier spacing, there would be 8 symbols in a slot. From a specification perspective, expressing the slots as a fixed number of “samples” (multiples of Ts) is therefore preferable, but this can be handled when preparing the draft specifications. 
Examples
Below are some example illustrations on how the building blocks above can be combined. A subframe duration of 1 ms is assumed in these examples (i.e. the reference numerology used to define a subframe equals 15 kHz).
In the first row of Figure 1, three cases of eMBB transmission in case a slot duration of 14 OFDM symbols are illustrated. In case I, one slot of data with 15 kHz numerology (if we assume a subframe to be 1 ms) is scheduled and transmitted, followed by an acknowledgement at the and (the variable S=0 in the figure indicates that the data starts in the same slot and the L=1 indicated there is one slot of data scheduled). In case II, two slots of 30 kHz numerology are transmitted, both independently scheduled (and possibly intended for different UEs) from the downlink control in the first slot (if these slots would use 15 kHz subcarrier spacing only a single slot would fit into the subframe, similar to case I). Case III is similar to case II with the difference that the two slots have their control information at the beginning of the respective slot. Both of the slots have their acknowledgement at the end of the subframe but the acknowledgement could in principle be transmitted at the end of each slot as well.
In the second row of Figure 1, four cases of eMBB transmission in case a slot duration of 7 OFDM symbols are illustrated. These cases are to a large extent similar to the ones in the previous paragraph. In case IV, scheduling of one slot of data with 15 kHz numerology is illustrated. Note that since the slot duration is 7 OFDM symbols it will only occupy half the subframe. Case V illustrates aggregation of two 7-symbol slots to achieve the same thing as case I, i.e. 14 symbols used for data transmission (minus whatever symbols are needed for control and guard). Cases VI and VII are similar to cases II and III, respectively, although due to the shorter slot duration two slots fit within one subframe without moving to the next higher numero0lgoy. 
The third row of Figure 1, case VIII, illustrate how mini-slots can be used for latency-critical traffic. The latency-critical transmission can start at any OFDM symbol and in this case spans two OFDM symbols in total.
The fourth row (case IX) illustrate the benefits from mini-slots when operating in unlicensed spectrum. The transmission can start at any OFDM symbol immediately after a successful LBT procedure without waiting until a slot boundary. The length of the mini-slot is in this case equal to the distance from the start to the next slot boundary. In this example, the mini-slot is aggregated with one slot in order to fit all the data that needs to be transmitted.
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[bookmark: _Ref462904323]Figure 1: Examples of usage of slots and mini-slots.

Conclusion
It is proposed to adopt the bullets in Section 3 as the starting point for further work on the frame structure design.
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