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1. Introduction

Some agreements were reached for min-slot in RAN1#87, e.g. about mini-slot lengths and mini-slot/slot-based DCI monitoring [1]. 

Agreements:

· Mini-slots have the following lengths

· At least above 6 GHz, mini-slot with length 1 symbol supported

· FFS below 6 GHz including unlicensed band

· FFS for URLLC use case regardless frequency band

· FFS whether DL control can be supported within one mini-slot of length 1 

· Lengths from 2 to slot length -1

· FFS on restrictions of mini-slot length based on restrictions on starting position 

· For URLLC, 2 is supported, FFS other values 

· Note: Some UEs targeting certain use cases may not support all mini-slot lengths and all starting positions

· Can start at any OFDM symbol, at least above 6 GHz

· FFS below 6 GHz including unlicensed band

· FFS for URLLC use case regardless frequency band

· A mini-slot contains DMRS at position(s) relative to the start of the mini-slot 

Agreements:
· NR-PDCCH monitoring at least for single-stage DCI design,

· NR supports the following minimum granularity of the DCI monitoring occasion: 

· For slots: once per slot

· When  mini-slots are used: FFS if every symbol or every second symbol

· FFS with respect to which numerology if slot and mini-slot have different numerology (e.g. SCS, CP overhead)

· Note: slot/mini-slot alignment is not assumed here 

And in the email discussion after RAN1#87, some key aspects were discussed including target use cases, co-existence between slot and mini-slot, mini-slot numerology and structure, DMRS, HARQ, etc.
In the email discussion, most of companies suggested to consider the following use cases for mini-slot:

· For multi-beam transmission above 6GHz;
· For low-latency URLLC transmission;
· For immediate LBT transmission for unlicensed spectrum (treated in NR SI Phase 2).
It should be noticed that, however, the three use cases lead to different technical requirements to mini-slot/slot design. The mini-slot/slot design may need to be optimized separately for the three use cases. This contribution focuses on the first use case ---- How to design a mini-slot structure to support the eMBB operation >6GHz?
Observation 1: Different use cases lead to different technical requirements to mini-slot/slot design, and call for separate optimizations.
2. Necessity of mini-slot for eMBB >6GHz
We assume that URLLC should be deployed in spectrum <6GHz. Spectrum >6GHz is mainly used for eMBB services. Hence different from URLLC, the use of mini-slot, if it is used, is not targeting low-latency. The main purpose of using mini-slot for eMBB >6GHz is to enable ultra wideband operation and multi-beam operation.

For eMBB >6GHz, the system bandwidth probably spans over hundreds of MHz. To fully utilize the frequency resource and achieve scheduling flexibility, the proper minimum scheduling granularity in time-domain may be less than 7/14 symbols.
The multi-beam operation will be adopted for spectrum >6GHz. Similar to “SS block” concept in initial access design, we can define the time-domain unit containing PDSCH and PDCCH for a group of beams as “beam block”. A DL Tx period consists of multiple beam blocks. A straightforward design is mapping a beam block onto a mini-slot and mapping a DL Tx period onto a slot, as depicted in Figure 1. This structure enables a fast beam sweeping with a smaller time-domain granularity. 
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Figure 1: Mini-slot can provide smaller time-domain granularity for multi-beam operation
However, since a larger subcarrier spacing (SCS) would be used for >6GHz, e.g. 60kHz or 120kHz, the slot duration is 1/4 or 1/8 of that for 15kHz SCS, which has provided much smaller granularity. Therefore, the decision if to introduce mini-slot for eMBB >6GHz depends on how small a minimum time granularity is required for the wideband and multi-beam operations. And the reference SCS should be determined before the above decision is made.
The next question is: If mini-slot is used for eMBB >6GHz, is slot also needed? If the network can always be well planned, the user capacity and service load of different beam groups will not be dramatically different. In this case, supports of both mini-slot and slot for eMBB >6GHz may not be necessary. In case the slot duration matches the required minimum time granularity, use of mini-slot can be avoided. If the proper minimum granularity is in order of mini-slot duration, mini-slot could fully replace the slot’s role. However, if the considerable load in-balance between beam groups is inevitable, both slot (for heavily-loaded beam group) and mini-slot (for lightly-loaded beam group) are needed.
Observation 2: Whether mini-slot should be introduced for eMBB >6GHz depends on how small a minimum time granularity is required for the wideband and multi-beam operations. Whether both mini-slot and slot are both supported depends on the extent of potential load in-balance between beam groups.
Proposal 1: Reference SCS should first be determined for studying the necessity of mini-slot and/or slot for eMBB >6GHz.
3. Co-existence between mini-slot and slot for eMBB >6GHz
In the study for URLLC, co-existence between mini-slot and slot attracts lots of attention because resource needs to be scheduled immediately whenever URLLC traffic arrives even if the target slot has been scheduled to eMBB UEs. However, the eMBB service is not so sensitive to latency as URLLC. Hence if both slot and mini-slot are supported in an eMBB system >6GHz, a slot duration can consist either one slot or several mini-slots, as depicted in Figure 2. Co-existence between mini-slot and slot can be avoided within one slot duration even if both of them are supported for eMBB >6GHz.
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Figure 2: No mini-slot/slot co-existence within a slot duration

Proposal 2: For eMBB >6GHz, a slot duration consists of either one slot or several mini-slots. Co-existence between slot and mini-slot in one slot duration in a certain frequency region is avoided.
4. Design of mini-slot for eMBB >6GHz
Since the latency and scheduling flexibility requirement to eMBB system >6GHz is similar to that <6GHz, the mini-slot structure similar to a slot can work well for eMBB >6GHz. However, some design details need to be confirmed or improved.
· Numerology: 

As analyzed above, use of mini-slot, if it is needed, is to leverage efficient wideband and multi-beam operations for eMBB >6GHz. The two goals can be reached with a smaller number of symbols in a mini-slot. Hence we do not see the motivation to use a different numerology set for mini-slot from reference numerology of eMBB >6GHz. If both slot and mini-slot are both used, the same numerology for them should be treated as the baseline. 
Proposal 3: If mini-slot is used for eMBB >6GHz, same numerology as reference numerology can be treated as a baseline. If both slot and mini-slot are both used, the same numerology for them should be treated as the baseline.
· Length: 

If mini-slot is used, it is used to provide a smaller time granularity for better scheduling flexibility and multi-beam operations. Hence we assume a mini-slot should have a shorter length than a slot duration (i.e. up to 7/14 symbols). Mini-slot length is set to adapt to user capacity and service load of a beam group. 2-symbol is an agreeable option for minimum mini-slot length since DMRS and control channel design similar to that for slot can be used. The necessity and feasibility of 1-symbol mini-slot is FFS. When a scheduling granularity larger than a slot duration is needed, an aggregation of a slot and a mini-slot is used.

Proposal 4: Mini-slot length can be from 2-symbol to slot duration-1. Necessity and feasibility of 1-symbol mini-slot is FFS. Aggregation of slot and mini-slot is used for scheduling granularity >slot duration.

· Mini-slot/slot boundary alignment: 
Whether cross-slot-boundary mini-slot is supported should be FFS taking account of what extent of flexibility and latency is required for eMBB. It is advantageous to allow a mini-slot for URLLC to span across slot boundary because it enables a complete URLLC burst to be immediately transmitted from any wanted symbol (including the last symbol of a slot). However, since eMBB >6GHz is not so sensitive to latency as URLLC <6GHz, a different decision could be made. Mini-slot boundary can be aligned with slot boundary for a simpler operation. The part of eMBB data not being scheduled in the current slot duration for a beam group can be scheduled in the next slot duration.
Proposal 5: Whether cross-slot-boundary mini-slot is supported should be FFS taking account of what extent of flexibility and latency is required for eMBB >6GHz. Decision could be different from that for URLLC.
· DL control channel: 

The general structure of DL control channel in a mini-slot for eMBB >6GHz can be similar to that in a slot. But some optimizations could be made for multi-beam operation. Further discussions can be found in our companion contributions [2][3].
Proposal 6: Similar structure to slot-based DL control channel is used for mini-slot with optimizations for multi-beam operation. 

5. Conclusions
Observation 1: Different use cases lead to different technical requirements to mini-slot/slot design, and call for separate optimizations.
Observation 2: Whether mini-slot should be introduced for eMBB >6GHz depends on how small a minimum time granularity is required for the wideband and multi-beam operations. Whether both mini-slot and slot are both supported depends on the extent of potential load in-balance between beam groups.
Proposal 1: Reference SCS should first be determined for studying the necessity of mini-slot and/or slot for eMBB >6GHz.
Proposal 2: For eMBB >6GHz, a slot duration consists of either one slot or several mini-slots. Co-existence between slot and mini-slot in one slot duration in a certain frequency region is avoided.
Proposal 3: If mini-slot is used for eMBB >6GHz, same numerology as reference numerology can be used as a baseline. If both slot and mini-slot are both used, the same numerology for them should be treated as the baseline.
Proposal 4: Mini-slot length can be from 2-symbol to slot duration-1. Necessity and feasibility of 1-symbol mini-slot is FFS. Aggregation of slot and mini-slot is used for scheduling granularity >slot duration.

Proposal 5: Whether cross-slot-boundary mini-slot is supported should be FFS taking account of what extent of flexibility and latency is required for eMBB >6GHz. Decision could be different from that for URLLC.

Proposal 6: Similar structure to slot-based DL control channel is used for mini-slot with optimizations for multi-beam operation. 
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