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1 Introduction

Frame structure has been discussed since the first meeting of NR and accordingly, discussions have progressed significantly. Yet there are still some remaining issues that are addressed in this contribution. They mainly pertain to the definition of mini-slots and slots, particularly for subcarrier spacings smaller than 60kHz, according to the following agreement from last meeting. Some resulting consequences regarding the usage of mini-slots for MBB are also being discussed.
	Agreements:
· For SCS of up to 60kHz with NCP, y = 7 and 14

· FFS: whether/which to down select for certain SCS(s)

· For SCS of higher than 60kHz with NCP, y = 14
Working assumptions:
· The NR frame structure should support both slots and mini-slots

· FFS: Timeline granularity for monitoring control of the mini-slot

· FFS: Terminologies of mini-slot



2 NR slot definition for subcarrier spacings up to and including 60kHz
At the last meeting, it has already been agreed that the slot duration for normal CP and subcarrier spacings larger than 60kHz is 14 OFDM symbols. Moreover, a working assumption was agreed that both slots and mini-slots will be supported as part of the NR frame structure design. Per the agreements from RAN1 #86, mini-slots are defined to at least support transmissions shorter than a slot. Hence, it is not clear why an additional slot definition shorter than a slot of 14 OFDM symbols is needed when this functionality is already supported by mini-slots. In other words, at subcarrier spacings smaller than or equal 60kHz—but also at any other subcarrier spacing—NR already provides a toolbox which allows for transmissions shorter than 14 OFDM symbols. We thus propose to define a single slot length for normal CP regardless of the subcarrier spacing as 14 OFDM symbols.
Proposal 1: A slot is defined as 14 consecutive symbols for normal CP length regardless of the subcarrier spacing

As mentioned above, there may be use cases where it would be desirable to schedule transmissions lasting less than 14 OFDM symbols. This functionality is readily supported by mini-slots. However, usage of mini-slots should not be restricted to URLLC type of applications with stringent requirements on both reliability and latency of the transmission. Shorter transmission times (cf. TTIs) are also beneficial to MBB type of applications. For example, in systems with very large transmission bandwidth—as supported by NR—it may be very inefficient to transmit very small packet sizes using 12 REs in frequency domain and 14 OFDM symbols in time domain. (Note that a two-dimensional PRB definition is still missing in NR). In these cases, it may be beneficial to shorten the transmission time to less than 14 symbols as supported by mini-slots. It is thus worth clarifying that the NR will provide a toolbox from which network operators can chose and that at least in general there is no need to restrict certain features to certain service types. In fact, it is expected that NR specifications will more or less be oblivious to the service type and that the gNB MAC scheduler implementation will map the NR features in the specifications to traffic requirements. Hence we propose that use of mini-slots is not restricted to URLLC type of applications as it can be useful for MBB type of applications as well. 

Proposal 2: Use of mini-slots is not restricted to URLLC type of applications and can be useful for MBB type of applications as well

To fully exploit the benefits of mini-slots for MBB type of applications, the mini-slot frame structure at least for a given transmission direction should mimic that of a slot albeit with shorter transmission duration (in number of OFDM symbols). In other words, at least for the case of 14 DL symbols or 14 UL symbols, a mini-slot of 14 OFDM symbols should look identical to a slot. This, however, does not preclude additional optimizations for URLLC-type of applications, e.g., to fulfill the reliability requirements of URLLC that do not apply to MBB type of applications. For example, at this point, it is not clear how URLLC design in NR may look like and whether URLLC necessitates special channel or multiplexing designs. Hence, the aforementioned mainly targets the use case of mini-slots for MBB type of applications, e.g., transmission of small packets in large bandwidths or NR operation in unlicensed spectrum. To accomplish the above, it is proposed that DL control information can at least be transmitted at the beginning of a mini-slot.

Proposal 3: DL control information can at least be transmitted at the beginning of a mini-slot
3 Conclusion

This contribution addressed the remaining aspects of the NR frame structure design, mainly pertinent to the definition and usage of slots and mini-slots. The following is proposed:
Proposal 1: A slot is defined as 14 consecutive symbols for normal CP length regardless of the subcarrier spacing
Proposal 2: Use of mini-slots is not restricted to URLLC type of applications and can be useful for MBB type of applications as well

Proposal 3: DL control information can at least be transmitted at the beginning of a mini-slot

