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1 Introduction
At the last RAN #75 plenary meeting, a new work item was agreed to commence normative work towards the New Radio (NR) access technology. According to the work item description, “the work item should specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC)” [1]. During the study item phase, it was agreed that “from network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by using the same subcarrier spacing with the same CP overhead or using different subcarrier spacing” [2]. Moreover, it was agreed that the “NR supports dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL” [2]. In this contribution, we discuss further details of the coexistence of slots and mini-slots. 
2 Coexistence of slots and mini-slots—network perspective
One important question in the coexistence of slots and mini-slots is how the two align. For slot based transmissions, two concepts have been agreed that govern the alignment of slots with different numerologies. For numerologies with identical CP overhead, scaling laws have been defined that determine the subcarrier spacings and in turn, via the fixed number of OFDM symbols per slot for a given CP overhead, the durations of a slot for different subcarrier spacings. In a second step, subframe boundaries define how these slots of different duration (viz. OFDM symbol duration/subcarrier spacing) align in time: they all align at the subframe boundary. For example, for normal CP overhead, one subframe corresponds to one slot at 15kHz subcarrier spacing, two slots at 30kHz subcarrier spacing, four slots at 60kHz subcarrier spacing, and so forth. 

In order to fit mini-slots into this framework, three proposals were entertained: mini-slots are bounded by the slot boundary, mini-slots are bounded by the subframe boundary, and mini-slots can span across slot/subframe boundaries. In our view, a subframe is a logical concept that simply assigns a number to a slot (cf. how the system frame number assigns a number to a radio frame in LTE). So an alignment of mini-slots (physical) with subframes (logical) seems arbitrary. Hence, RAN1 needs to decide whether mini-slots can or cannot span across slot boundaries. We think that the actual physical waveform is not impacted by this decision and that this is merely a matter of signalling design. For example, it has already been agreed that variable mini-slot durations between two and 13 OFDM symbols are supported. Assume that in order to achieve the reliability requirement, a mini-slot based transmission to a given UE requires at least four OFDM symbols. Moreover, assume that the same mini-slot based transmission cannot commence at the slot boundary due to latency constraints. Hence, the gNB needs to start transmitting a mini-slot based transmission of duration 4 OFDM symbols somewhere in the middle of a slot. If the slot is of length 14 OFDM symbols and the mini-slot starts on symbol {1,2,3,4,5,6,7,8,9,10} then the mini-slot will naturally finish within the slot duration assuming slot and mini-slot use the same numerology. If, on the other hand, the mini-slot starts on symbol {11,12,13}, then at least some symbols of the mini-slot based transmission will extend into the next slot. The question then becomes whether a mini-slot is confined to the duration to a slot in which case the aforementioned transmission needs to be realized by two aggregated mini-slots whereby the first mini-slot always ends at the slot boundary (viz. two mini-slots of {3+1, 2+2 or 1+3} symbols are aggregated) or, alternatively, a single mini-slot of length four is scheduled that spans across the slot boundary. In other words, whether it should be possible to aggregate mini-slots depends on whether mini-slots can span across slot boundaries.

Observation 1: Whether it should be possible to aggregate mini-slots depends on whether mini-slots can span across slot boundaries.

Proposal 1: RAN1 to agree on aggregation and alignment of mini-slots jointly
3 Coexistence of slots and mini-slots—UE perspective
Mini-slots present a universally flexible and dynamic means to multiplex all kinds of services into normal eMBB network operation including relaying, backhauling, sidelink and even unknown future services. Mini-slots equally allow straight-forward multiplexing of NR with other RATs such as WiFi and LTE and lastly, they enable dynamic TTI adaptation, e.g., to transmit low latency eMBB packets, small packets in large bandwidth or to overcome hardware limitations in beamformed mmWave systems. For the specification timeline of NR, though, it may very well be that mini-slots initially will only be used for multiplexing ultra-reliable low-latency communications with eMBB traffic. 

This flexibility of mini-slot based transmissions arises in part from their variable length. For example, it has already been agreed that mini-slots can span any integer number of symbols larger than one where the length of a single mini-slot is bounded by the slot length for a given subcarrier spacing, viz., 7 or 14. Moreover, it was agreed that UEs can monitor for PDCCH scheduling occasions at least on every other symbol. (Mini-slots of length one OFDM symbol and the possibility to schedule them on any OFDM symbol are currently only agreed for some use cases.)
Assume that based on packet size and coverage conditions, a different number of OFDM symbols may be required to transmit URLLC traffic reliably—reliably meaning that a certain latency and reliability is guaranteed with a stringent probability. For example, the same data may require two OFDM symbols for transmission to one UE whereas to another UE four or even more symbols are needed. We assume the transmission duration of a TTI is indicated in the corresponding DCI. 

In LTE Rel. 13, a narrowband version of LTE was specified for the Internet-of-Things (NB-IoT). To facilitate low-cost NB-IoT devices, NB-IoT specifies a single HARQ process per UE. To further reduce cost, a NB-IoT UE is not expected to monitor for PDCCHs while it is decoding a PDSCH. Similarly, it is not expected to monitor for PDCCH transmissions until it has transmitted the HARQ ACK/NACK for a given downlink transmission. We believe that at least in the initial release of NR, HARQ operation and URLLC scheduling could follow a similar mode of operation. At the same time, this may also depend on the processing capability of a URLLC UE including how many HARQ processes will be defined for URLLC and how fast a UE can process a DL assignment, the corresponding DL data and transmit the corresponding HARQ ACK/NACK. 

For this work item, from a UE point of view, we propose to only support a single mini-slot per slot the reason being that the HARQ feedback mechanism and UCI used for slot based transmissions could be reused for mini-slots thereby minimizing the specification effort [3]. Given the variable length of mini-slots which may be significantly smaller than regular slots, it is of course possible that multiple mini-slots could be scheduled within the time duration of a regular slot and from the network point of view, there is no restriction on the number of mini-slots per slot. 

Proposal 2: In Release 15, a single mini-slot per slot can be allocated to a UE. There is no restriction on the number of mini-slots scheduled per slot from the network perspective.

Moreover, by ensuring that in any given slot the UE can be scheduled for only a slot based transmission or up to one mini-slot based transmission we ensure that the UE can re-use its HARQ processes seamlessly across slot based and mini-slot based transmissions and does not require more HARQ processes for supporting mini-slot based transmissions. 

Proposal 3: For mini-slot and slot based transmissions to a given UE the following should be observed:

•
If a UE is scheduled for a slot based transmission it cannot be scheduled for a mini-slot based transmission

•
If a UE is not scheduled for a slot based transmission it can be scheduled for up to one mini-slot based transmission
4 Conclusion

In this contribution, we discussed further details of the coexistence of slots and mini-slots. The following is observed and proposed:
Observation 1: Whether it should be possible to aggregate mini-slots depends on whether mini-slots can span across slot boundaries.

Proposal 1: RAN1 to agree on aggregation and alignment of mini-slots jointly
Proposal 2: In Release 15, a single mini-slot per slot can be allocated to a UE. There is no restriction on the number of mini-slots scheduled per slot from the network perspective.

Proposal 3: For mini-slot and slot based transmissions to a given UE the following should be observed:

•
If a UE is scheduled for a slot based transmission it cannot be scheduled for a mini-slot based transmission

•
If a UE is not scheduled for a slot based transmission it can be scheduled for up to one mini-slot based transmission
5 References
[1] RP-170847, New WID on New Radio Access Technology, NTT DOCOMO, INC.
[2] 3GPP TR 38.802, Study on New Radio (NR) Access Technology Physical Layer Aspects, Release 14, V2.0.0 (2017-03)
[3] R1-1704325, Scheduling and HARQ operation for URLLC, AT&T
