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1 Introduction
Except for the sTTI and NB-IoT feature, the TTI length is static in LTE. For the downlink and uplink shared channels (DL-SCH/UL-SCH) the TTI is fixed to 1ms and for the BCH it is fixed to 40ms. NR, on the other hand, has a variable TTI duration regardless of whether URLLC (cf. sTTI) or mMTC (cf. NB-IoT) are used. In fact, NR has a single unified frame structure irrespective of duplexing mode, spectrum licensing framework, service, application or use case. More precisely, unlike LTE where the subframe duration is fixed to 1ms and the number of OFDM symbols depends on the chosen numerology, the NR slot duration scales with the numerology as the number of symbols per slot is fixed at least for constant CP overhead. In addition to a scalable TTI design, NR supports mini-slots which allow to shorten the TTI duration without changing the subcarrier spacing by adapting the number of OFDM symbols in a mini-slot. Similarly, NR supports slot aggregation thereby equally supporting longer TTI durations. 
With regard to PDCCH monitoring occasions, data channel durations and starting positions, the following was agreed at the RAN1 #88bis meeting:

	Agreements:
· UE can be configured to “monitor DL control channel” in terms of slot or OFDM symbol with respect to the numerology of the DL control channel

· Specification supports occasion of “DL control channel monitoring” per 1 symbol with respect to the numerology of the DL control channel

· Note: This may not be applied to all type of the UEs and/or use-cases

· FFS whether or not total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per symbol can exceed the total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per slot

· Data channel (PDSCH, PUSCH) duration and starting position

· Specification supports data channel having minimum duration of 1 OFDM symbol of the data and starting at any OFDM symbol to below-6GHz, in addition to above-6GHz

· Note: This may not be applied to all type of UEs and/or use-cases

· UE is not expected to blindly detect the presence of DMRS or PT-RS

· FFS: Whether a 1 symbol data puncturing can be indicated by preemption indication

· FFS: combinations of data duration and granularities of data position

· Specification supports data having frequency-selective assignment with any data duration

· FFS: relations between “DL control channel monitoring” occasions and data channel durations

· Note: this is addition to the agreements at RAN1#86.

· Note: 1-symbol case may be restricted depending on the BW.

Agreements:
· The duration of a data transmission in a data channel can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission

· FFS: the starting/ending position of the data transmission

· FFS: the indicated duration is the number of symbols

· FFS: the indicated duration is the number of slots

· FFS: the indicated duration is the numbers of symbols + slots

· FFS: in case cross-slot scheduling is used

· FFS: in case slot aggregation is used

· FFS: rate-matching details

· FFS: whether/how to specify UE behavior when the duration of a data transmission in a data channel for the UE is unknown



Unlike LTE, the MBB transmission duration can thus be very flexible in NR both within and across numerologies. In this contribution, we discuss further details on the scheduling design for various TTI durations.
2 Scheduling of mini-slots
Whereas slots exist on a fixed nested grid (one subframe corresponds to one slot at 15kHz subcarrier spacing, two slots at 30kHz subcarrier spacing, four slots at 60kHz subcarrier spacing …) no such grid exists for mini-slots. Both starting symbol and duration of a mini-slot based transmission are basically scheduler decisions. Assuming the duration of a mini-slot is signalled in the DCI, two cases can be distinguished. 

For example, for the LTE/NR coexistence use case, when mini-slots are used to transmit NR signals and channels in LTE MBSFN subframes, the NR PDCCH is always transmitted on the first symbol of the MBSFN region of the MBSFN subframe which is also the first symbol of the mini-slot that is used to transmit NR signals and channels in the partial LTE subframe. In this case, the mini-slot is self-scheduled, i.e., the mini-slot contains both PDSCH and the associated PDCCH. A similar use case arises for URLLC traffic which also requires self-scheduled mini-slots in order to meet the stringent latency requirements. This is illustrated in the top part of Figure 1.

In contrast, for the case where a single PDCCH schedules several TDMed PDSCH whereby each PDSCH is based on a mini-slot that PDCCH would always occur at the beginning of a slot and the mini-slots are cross-scheduled by a slot rather than self-scheduled. This, for instance, would be a common use case of mini-slots in mmWave spectrum with analog beamformed pencil-beams and is illustrated in the bottom part of Figure 1.

Small packets in wide bandwidths could similarly be scheduled from a slot-based PDCCH but transmitted via a mini-slot. Obviously, NR must support all these use cases and hence, we propose that self-scheduling (mini-slot contains PDSCH and associated PDCCH) and cross-scheduling (mini-slot is scheduled from PDCCH transmitted at the beginning of a slot) of mini-slots is supported. 

Proposal 1: Both self-scheduling (mini-slot contains PDSCH and associated PDCCH) and cross-scheduling (mini-slot is scheduled from PDCCH transmitted at the beginning of a slot) of mini-slots is supported.

Note that mini-slot based UL transmissions would always be cross-scheduled, regardless of whether the PDCCH is carried by a slot or mini-slot since we assume that a mini-slot can only contain a single transmission direction, i.e., no switching intervals are provisioned within a mini-slot duration. 

Proposal 2: Mini-slots can only contain a single transmission direction, i.e., no switching intervals are provisioned within a mini-slot duration.
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Figure 1: Self-scheduled (top) and cross-scheduled (bottom) mini-slots
3 Transmission duration and starting symbol indication 
As explained above, NR can adapt the TTI duration either by changing the subcarrier spacing (slot based transmissions) or by changing the number of OFDM symbols (mini-slot based transmissions). Moreover, NR supports aggregation of slots. At this point, it’s not clear whether a single DCI format can schedule both slot based and mini-slot based transmissions or whether there will be two DCI formats, one for slot based and one for mini-slot based transmissions. In the former case, a flag in the DCI could indicate whether the associated PUSCH/PDSCH is scheduled using slots or mini-slots. Then, a single field could indicate the transmission duration in either number of slots (for slots including aggregation thereof) or OFDM symbols (for mini-slots), depending on the flag. It remains to be seen if this is a viable avenue for the DCI design. If, for example, the number of slots that can be aggregated and the number of possible mini-slot durations in OFDM symbols is (roughly) the same, then a single DCI format can be considered. However, if the DCI can signal any mini-slot length from one to slot length less one OFDM symbol, such a design is unlikely assuming aggregation of up to 13 slots is not supported. In addition, it is not clear yet whether slot and mini-slot based transmissions will support the exact same features and hence other considerations may influence the decision on whether one or multiple DCI formats are necessary. Moreover, the definition of a DCI format itself is unclear for NR. For example, even with a single DCI format the fields of a DCI scheduling either slot or mini-slot based transmissions could either be the same or different whereby in the latter case a flag early in the DCI indicates how to interpret the remainder of the DCI. Such an approach, for instance, was taken in the NPBCH design in NB-IoT where the NB-MIB differs for guardband, inband and standalone deployments. An analogous design could be envisioned for the NR DCI. 
Similar remarks apply to the starting symbol indication which can also be in terms of OFDM symbols or slots, cf. cross-slot scheduling. The former could apply to mini-slots or to slots, e.g., to support dynamic CORESET span adaptation similar to the LTE Rel. 8 control format indication (CFI) or the LTE Rel. 11 PQI design for TM10. There are several design choices. One is presented in our companion contribution is [1] where a design similar to TM10 in LTE is chosen. Alternatively, the OFDM starting symbol could be explicitly indicated by bits in the scheduling DCI and implicit mechanisms are also possible, however, only explicit schemes could equally apply to slot and mini-slot based transmissions. 
The case of cross-slot scheduling is already supported since we agreed to support cross-slot scheduling and non-zero scheduling delays between the PDCCH and associated PUSCH/PDSCH in number of slots. It can be further discussed if cross-slot scheduling of mini-slots is a meaningful feature, i.e., a PDCCH at the beginning of one slot schedules a mini-slot contained in a different slot. If not, a similar design as discussed previously for the transmission duration indication can be chosen where a single bit in the DCI indicates whether the scheduling delay is to be interpreted in number of slots or number of OFDM symbols, respectively. More precisely, for slot based transmissions the scheduling delay could be indicated by N bits in terms of number of slots, for mini-slot based transmissions the scheduling delay could be indicated by the same N bits in terms of number of OFDM symbols. Similar remarks as above apply, i.e., the span in number of symbols for mini-slots may not be comparable to the span in number of slots for slots and a single DCI format may not be desirable. Furthermore, N may be different for uplink and downlink. 

Thus, before deciding on the starting and/or ending position indication of a data transmission (slots or symbols) or, alternatively, the indication of its duration (slots or symbols or symbols + slots) including the cases of cross-slot scheduling and slot aggregation it may be beneficial to agree on the allowed combinations per the discussion above as well as the number of DCI formats for slot and mini-slot based transmissions. 
Proposal 3: RAN1 to decide on the number of DCI formats (DCI design respectively) for slot and mini-slot based transmissions.
This matter also relates to the on-going discussions whether mini-slots will actually be defined in the NR specifications or not. For example, even with a non-unified design which allows for specific features unique to slots and mini-slots, respectively, a unified description in the specs may still be possible and certainly desirably.  Another important yet undecided question is the coexistence of slots and mini-slots and how the two align with respect to each other. 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, namely, 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 during the study item phase: 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 one 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. Hence, RAN1 needs to discuss on if and how slots and mini-slots will eventually differ, both from a design and specification (viz. description) perspective. 
4 Configuration of PDCCH monitoring occasions

It was already agreed at RAN1 #86bis that the PDCCH monitoring occasions are RRC configured. Along the lines of the previous section, this can happen in terms of OFDM symbols for mini-slots and in terms of slots for slots. For example, for URLLC a UE may be configured to monitor for a PDCCH transmission every M OFDM symbols in a given numerology and for some values of M and depending on the number of OFDM symbols per slot (viz. 7 or 14) the PDCCH monitoring occasion will float relative to the slot boundary. 
For slot based transmissions, the PDCCH monitoring occasions are also agreed to be configurable, however, in this case, patterns are needed similar to LTE in case of MBSFN subframes. For example, when LTE and NR are deployed in overlapping spectrum, NR DL transmissions may occur in either TDD UL or MBSFN DL subframes. In TDD UL subframes the NR PDCCH can be transmitted on the first symbol of the slot whereas in MBSFN subframes NR must protect the legacy control region. Hence, a subframe dependent PDCCH monitoring occasion needs to be configured and the UE monitors on the 1st or 2nd/3rd OFDM symbol for downlink control information depending on whether the slot corresponds to a TDD UL or MBSFN DL subframe.

Proposal 4: A subframe dependent PDCCH monitoring occasion can be configured.
5 Conclusion

In this contribution, we discussed transmission duration indication and other remaining details for symbol-level/slot-level/multi-slot-level based transmissions. The following is proposed: 
Proposal 1: Both self-scheduling (mini-slot contains PDSCH and associated PDCCH) and cross-scheduling (mini-slot is scheduled from PDCCH transmitted at the beginning of a slot) of mini-slots is supported.

Proposal 2: Mini-slots can only contain a single transmission direction, i.e., no switching intervals are provisioned within a mini-slot duration.
Proposal 3: RAN1 to decide on the number of DCI formats (DCI design respectively) for slot and mini-slot based transmissions.
Proposal 4: A subframe dependent PDCCH monitoring occasion can be configured.
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