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Introduction
Before NR ad-hoc #2, voluntary email discussion on “Data channel structure and preemption” was held and following use cases were recognized.
Case A: PDSCH slot scheduling when no preemption happens. 
Case B: PDSCH slot scheduling when preemption happens. 
Case C: PDSCH mini-slot scheduling as preemption transmission 
Case D1: PDSCH mini-slot scheduling not as pre-emption transmission for URLLC 
Case D2: PDSCH mini-slot scheduling not as pre-emption transmission for analogue beam forming for mm-wave 
Case D3: PDSCH mini-slot scheduling not as pre-emption transmission for unlicensed usage (forward compatibility purpose) 
Case D4: PDSCH mini-slot scheduling not as pre-emption transmission for NR-LTE coexistence
In NR ad-hoc #2, based on the document to summarize above email discussion [1], following was agreed as slot-based scheduling and non-slot based scheduling.
Agreements:
· For downlink, UE can be informed about the first DMRS position of the PDSCH between the following:
· Fixed on the 3rd or 4th symbol of the slot (for, a.k.a, slot-based scheduling)
· 1st symbol of the scheduled data (for a.k.a non-slot-based scheduling)
· FFS: if special handling is needed for the case where some of the PRBs of the symbol of the scheduled data is overlapped with the other signals/channels
· FFS: When the UE is configured both slot-based scheduling and non-slot-based scheduling, the first DMRS position of the PDSCH can be changed between the 3rd or 4th symbol of the slot and 1st symbol of the scheduled data

Agreements:
· For uplink, the first DMRS position of the PUSCH is fixed relative to the start of the scheduled data.
· FFS: Additional possibility of the another fixed position relative to the start of slot
· The exact fixed position can be changed depending on the duration of the scheduled data

This document further analyses of the required functionality for the use cases.

Discussion
In addition to DMRS and control symbol relation agreed as slot/non-slot scheduling, we see following functions are different depending on the use-case.
- Carrier frequency
- Sub carrier spacing
- DMRS position
- Frequency/time resource assignment
- Short PUCCH and SRS location

On above points, our view on functional grouping is expressed by the following table 1. For the use case of NR-LTE co-existence, it is not so clear what functions are required for us. If NR-LTE co-existence is realized by FDM manner between NR and LTE based on non-contiguous intra-band carrier aggregation [2], slot scheduling described below can be applied. If NR-LTE co-existence is realized by TDM manner using non-slot scheduling, the functionality similar to URLLC can be used.

Table 1:  functional grouping of slot/non-slot scheduling
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We further explain table 1 of functional grouping.

Carrier frequency
Our view is slot scheduling is used only for sub 6GHz operation. For above 6 GHz, our current view is non-slot scheduling only can be sufficient in order to support analogue beam forming. Not to support slot scheduling for above 6GHz can reduce the complexity of UE as slot scheduling requires to support the buffering before the data assignment. Therefore, we propose not to support slot scheduling even if digital or hybrid beam forming are used. As above 6 GHz of wider bandwidth operation, the buffering of data increases the complexity. Non-slot scheduling is also required for sub 6 GHz in order to support URLLC short latency.
For slot scheduling, the amount of the supporting buffering depends on the bandwidth expressed as "x" PRB. Our current view is 25 PRBs could be sufficient as it means 5 MHz operation at 15 kHz subcarrier spacing.

Sub carrier spacing
As we propose slot scheduling is only for sub 6GHz operation, the supported subcarrier spacing is also restricted to 15, 30 and 60 kHz. 
Non-slot scheduling is required to support all subcarrier spacing as it support all frequency ranges.

Data and control relation
For DL, 2 or 3 symbols buffering before the end of PDCCH was agreed as slot scheduling. In case of non-slot scheduling, DMRS can be first symbol and it means no control before data symbol. 
For UL, RAN NR ad-hoc didn't agree whether to have data symbols before the  first DMRS or always not to have data symbol before the first DMRS. . Our view is not to have data symbol before the first DMRS in uplink is sufficient. This still allows orthogonal DMRS between DL and UL as discussed in [3].

DMRS position
In order to support higher velocity operation, slot scheduling is required to support DMRS located in the later part of the slot in addition to front loaded DMRS. The front-loaded DMRS plus additional DMRS is sometimes called as distributed DMRS in time.
For non-slot scheduling, front-loaded DMRS would be sufficient as a mini-slot length itself is limited in time. In case multiple mini-slot bounding, front-loaded DMRS can be located in every slot.

Frequency/time resource assignment
We envisage two types of the operation modes.
- Finer frequency resource assignment and coarse time resource assignment
This operation mode is for the case frequency domain scheduling is useful.
Frequency resource assignment is similar to LTE. PRB or group of PRB is the granularity of frequency resource assignment. 
The time resource assignment is realized by slot and OFDM symbol granularity in a slot. The multiple configurations of OFDM symbol values in a slot are semi-statically configured and which configuration is used is dynamically indicated. For more than slot length like coverage enhancement case, the number of slots is indicated.
- Coarse/none frequency resource assignment and fine time resource assignment
This operation mode is for the case frequency domain scheduling is not useful and the case to rely time domain scheduling.
Frequency resource assignment can be full NR carrier bandwidth or coarse frequency domain partition corresponds to the smaller payload size. In case coarse frequency partition, the signalling could be dynamic indication among multiple semi-static configurations.
The time resource assignment is OFDM symbols length without restriction of slot boundary and slot length. The control channel can be located in any symbol in a slot.
We don't envisage the operation with fine frequency and fine time resource assignment as its overhead in DCI is large. 

Short PUCCH and SRS location
The location of short PUCCH and SRS should be at around the end of slot as agreed already. This is required to enable self-contained scheduling.
The location of short PUCCH and SRS should be flexible to any symbol position for non-slot scheduling. Without such flexibility, the shorter latency of non-slot scheduling cannot be obtained.
We also discuss location of short PUCCH in our accompanied contribution [4].

Conclusion
We propose the functional grouping described as table 1. For now, we don't know how to realize NR-LTE coexistence. Some more discussion is required.
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