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1 Introduction
RAN1 agreements have been made and proposals are still being made using terminologies of slot-based and non-slot-based (a.k.a. mini-slot) scheduling, often resulting in long discussions due to the lack of clarity in the way those different methods of scheduling a UE will be specified. None of the current draft specifications in 38 series mention “mini-slot” or “non-slot-based” terminologies. This document aims to bring clarity on the fundamental difference between the two methods of scheduling a UE.
Agreement from RAN1#90:

· Remove the support for 7-symbol slots from NR

· It is allowed to have more than one DL/UL switching points within a 14-symbol slot by using non-slot-based scheduling
· Note: at least 14-symbol, 7-symbol, and 2-symbol CORESET monitoring periodicities are supported for non-slot-based scheduling
· Removing 7-symbol slot does not imply to remove the agreed design of 4- to 7-symbol long PUCCH
· Allow additional DMRS position with non-slot based scheduling
· RAN1 recommends to define test cases for following cases:

· Slot-based scheduling for downlink

· The first DMRS position of the PDSCH is fixed on the 3rd or 4th symbol of the slot

· Non-slot-based scheduling for downlink

· The first DMRS position of the PDSCH is the 1st symbol of the scheduled data

· At least PDSCH durations of 2, 4, and 7 OFDM symbols including DMRS are recommended to be specified

· Note: the LS includes the motivations of selected values

· Note: Final decision is up to RAN4

2 Discussion 
When one starts looking at the details, it is not possible to distinguish slot-based scheduling vs. non-slot based scheduling based on:

· PDSCH duration: even a PDSCH scheduled at the beginning of a slot may not span all 14 symbols of the slot (e.g. when the slot has a DL/UL switching point).
· PDSCH starting symbol: a mini-slot can be scheduled by a PDCCH received in the first symbol of a slot while the ‘short’ PDSCH starts later in the slot (e.g. for mmw bands).
· PDCCH monitoring periodicity: different PDCCH monitoring periodicities will coincide in OFDM symbols at the start of the slot.
Based on the analysis above and according to the current agreements, the only true differentiating factor between slot-based scheduling and non-slot-based scheduling is the location of the first DMRS symbol for the PDSCH (PDSCH mapping type A and B in 38.211):

· In the 3rd or 4th symbol of a slot (as indicated in PBCH) for slot-based scheduling

· In the first symbol of the PDSCH for non-slot-based scheduling

Conclusion: DL slot-based scheduling and non-slot-based (a.k.a mini-slot) scheduling can be identical except at least for the location of the first DMRS symbol for the PDSCH.

So what a UE needs to know is the location of the first DMRS, and this needs to be indicated by the DL DCI since it cannot be derived by higher-layer configuration due to the ambiguities highlighted above. 

How should this DMRS information be indicated by the DCI?

· Using different DCI formats (e.g. by indication in the header of the DCI): there may be no bit field difference between the two DCI formats if they both support the same flexibility in PDSCH duration, starting position, HARQ timing. Using different formats either by introducing an artificial DCI size difference or using a precious header codeword would not be efficient.
· Using the CORESET in which the DCI was found: the CORESET where the PDCCH was detected could in principle inform the UE about the DM-RS location, but this approach would imply that a “mini-slot” could not be scheduled by a PDCCH at the beginning of the slot, limiting the usefulness.

· Using a field in the DCI: this would seem the most straightforward solution. One could argue this indication may have an impact on the PDSCH processing latency. In practice, however, the UE cannot really start channel estimation before knowing the frequency-domain allocation of the PDSCH since UE-specific DMRS only span the PRBs allocated for the PDSCH.

Proposal: DL DCI can indicate whether the first DMRS location is in the OFDM symbol signaled in NR-PBCH (PDSCH mapping type A), or in the first symbol of the scheduled PDSCH (PDSCH mapping type B).
Should there be other differences between slot and mini-slot in the DCI scheduling framework? In Rel-15 mini-slot monitoring periodicities and durations are limited to 2, 4 and 7 symbols. However, the signaling framework should be forward compatible to other durations, so this should not impact the granularity of the time-domain allocation design for Rel-15 DCI. There should a-priori be no difference in the frequency-domain allocation granularity for slot and mini-slot.

Once reliability is considered, it may make sense for a DCI to have a smaller size. Then DCI fields such as the resource allocation field may be reduced. This could apply to both slot-based and non-slot-based scheduling. However, this is a discussion for the June 2018 freeze.
For uplink it is likely that DMRS will also be the only differentiating factor between slot-based and non-slot-based scheduling, but more progress on UL DMRS for PUSCH is needed before concluding.
3 Conclusions 
This document aims to bring clarity on the fundamental difference between slot-based and non-slot-based (a.k.a. mini-slot) scheduling. The following observation and proposal are made.
Conclusion: DL slot-based scheduling and non-slot-based (a.k.a mini-slot) scheduling can be identical except at least for the location of the first DMRS symbol for the PDSCH.

Proposal: DL DCI can indicate whether the first DMRS location is in the OFDM symbol signaled in NR-PBCH (PDSCH mapping type A), or in the first symbol of the scheduled PDSCH (PDSCH mapping type B).

