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Introduction
In the RAN1#86b meeting [1], the working assumption has been set that mini-slots shall be supported. 
	Working assumptions:
· The NR frame structure should support both slots and mini-slots
· FFS: Timeline granularity for monitoring control of the mini-slot
· FFS: Terminologies of mini-slot




In this contribution, the use cases, possible lengths and aggregation of mini-slot is discussed.
Discussion
Use cases for Mini-Slots
URLLC
For low SCS, shorter transmission units than 7 symbols are needed to meet the latency requirements. Mini-slots of lengths 2 and 4 symbols can be employed and multiplexed with eMBB.
The mini-slots of length 2 or 4 symbols can be multiplexed in TDM fashion with eMBB. The corresponding eMBB symbols can be punctured. This illustrated in Figure 1 below.
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Figure 1 – Multiplexing mini-slots and eMBB with the same numerology. eMBB symbols are punctured
Another option is that URLLC uses a SCS of 60 kHZ and eMBB for example 15 or 30 kHz. In many deployments conditions, the usage of scaled NCP will be sufficient to handle the delay spread of the channel also when the SCS is 60 kHz. Thus, in these cases, eMBB and URLLC can be multiplexed while both are using the same CP overhead. 
Due the symbol level alignment, it is possible to transmit one mini-slot of length 4 symbols or 2 mini-slots of length 8 symbols within two eMBB symbols with 15 kHz SCS. This is illustrated below in Figure 2 below. There, it is assumed that one eMBB slot uses 14 symbols and that two 2 slots represent an aggregated eMBB transmission unit.  
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Figure 2 – Multiplexing eMBB with SCS 15 kHz with 2 mini-slots of length 4 and SCS 60 kHz
If the traffic load of URLLC increases, then another option could be to transmit URLLC and eMBB in TDM manner without puncturing. In Figure 3 below, it is illustrated, that eMBB and URLLC are aligned on sub-frames (1 ms) and 7 mini-slots of duration 2 symbols are transmitted to support the URLLC.
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Figure 3 – Multiplexing eMBB and mini-slots for URLLC in TDM manner
Observation 1: Mini-slots lengths of 2 and 4 symbols are beneficial to support URLLC services.
Unlicensed Band
In unlicensed band, an LBT procedure needs to be carried out before the transmission can start. In order to support efficient resource utilization, it is desirable that the transmission can start directly after the LBT has finished. 
In order to achieve that, two concepts can be used: 
a) A mini-slot can be aggregated with the following slot. 
b) N mini-slots can be aggregated such that mini-slot transmission starts after the LBT and ends on a sub-frame boundary (or close to it). The value of N can be signaled through RRC or indicated with DCI.
The 2 concepts are illustrated in Figure 4 below:
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Figure 4 – Aggregating mini-slots and slots for unlicensed band, a) mini-slot+slot are aggregated to start transmission directly after LBT, b) N mini-slots are aggregated to start transmission directly after LBT

Short transmissions during beam sweeping
There are several use cases at high frequencies that require short transmission units:
· mmW 		- to schedule multiple mini-slots within a slot
· Initial access 	- A SS burst consists of several (possibly many) SS blocks. Between two SS blocks, the transmit beam is switched. The SS blocks are comparatively short and should be transmitted directly after each other (e.g. to minimize the required gap for inter-frequency measurements). The PRBs for that beam that are not used for SS block transmission could be used for data instead. Due to the short duration of a SS block, mini-slots are needed to carry data. 
· Paging 		– Beam sweeping. Transmission with multiple slots would be too much overhead
Sub-carrier spacing for mini-slots
The mini-slots should not be limited to certain sub-carrier spacings. However, their characteristics (length, structure) could be different for different use-cases.
Besides the application of mini-slots at low SCS, it is also very important to have mini-slots for 120 kHz SCS in mmW. The reason is to support TDM different users with analogue beamforming and also to provide fine granularity. At mmW (for SCS > 60 kHz), the slot length is restricted to 14 symbols. This avoids too frequent control scheduling.
Mini-slot lengths
From the above discussions, at least the length of 1, 2 and 4 symbols should be supported. However, to give more flexibility and better resource utilization for unlicensed, also arbitrary mini-slot length from 1 to “slot length – 1” symbol could be supported.
Mini-slot aggregation
It shall be supported to aggregate mini-slots with other mini-slots. For un-licensed also mini-slots and slot aggregation is supported.
Alignment between slots and mini-slots
It is already agreed that slots align on sub-frame boundaries (1ms alignment). For mini-slots it is not decided yet how they align. We propose that mini-slots align on the 1ms-sub-frame boundaries as well. 
Alignment for URLLC:
The question of mini-slot and slot alignment is important for the URLLC use case when it is multiplexed with eMBB. It is our view that a slot/mini-slots alignment for the same CP family shall not be the primary design criteria. On the contrary, when having mini-slots restricted not to cross slot boundaries, then fewer mini-slots can fit into a sub-frame and resources are not used efficiently.
What, on the other hand, is important to have, is that for the same CP overhead, mini-slots align with the symbols of the baseline eMBB SCS. If, for example, eMBB uses 15 kHz, then a 2 symbols mini-slot with SCS 30 kHz or a 4 symbols mini-slot with 60 kHz SCS could be transmitted during one eMBB symbol. If eMBB uses 30 kHz, then a 2 symbol mini-slot with 60 kHz can be transmitted during that symbol.  
This is illustrated below for the case where mini-slots of length 4 symbols are transmitted with SCS = 30 kHz and the eMBB baseline SCS is 15 kHz. In the upper drawing, a slot length of 7 symbols is employed and in the lower drawing a slot length of 14 symbols is used. Having mini-slots allowed to cross slot boundaries (as in the upper drawing), all resources can be utilized for the mini-slots also in that case.  
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Figure 5 – Mini-slots align with symbol-pairs of 15 kHz NCP (for URLLC)
Alignment for unlicensed:
It is important to efficiently utilize the resources after the LBT. If this could be done with N mini-slots that are allowed to cross slot boarder or mini-slot/slot aggregation is not needed to be standardized. This could be left to the implementation and both options could be supported. 
Time-line granularity for monitoring mini-slots
The basic time-unit for monitoring the NR-PDCCH should be one slot or one mini-slot configured in UE specific manner.
In order to reduce power consumption due to NR-PDCCH monitoring, it shall be possible to configure the UE to monitor only a subset of the slots/mini-slots. This will come at the cost of scheduling restrictions and increased latency.
Conclusion – Summary of mini-slot characteristics
Based on the discussions from section 2, following characteristics are proposed for a mini-slot. 
Proposal 
· Mini-slots are needed for different use cases such as URLLC, unlicensed band, Initial Access, Paging and  beam sweeping mmW applications 
· Depending on the use case the specific features of a mini-slot might differ
· Sub-carrier spacing: Mini-slots shall not be restricted to any specific SCS
· Mini-slot lengths
· At least 1,2,4 symbols
· For unlicensed, other lengths can be supported from 1 symbol to “slot-length-1”
· Aggregation.
· It shall be possible to aggregate mini-slots with mini-slots
· At least for unlicensed it shall also be possible to aggregate mini-slots and slots
· Alignment
· Mini slots shall align on sub-frames (1ms boundaries)
· For mini-slots and slots from the same CP family, 
·  For URLLC/eMBB multiplexing, URLLC  mini-slots align with symbols of the baseline eMBB numerology
· NR-PDCCH monitoring 
· It shall be possible to monitor the NR-PDCCH with mini-slot granularity in a UE specific manner
· To reduce the power consumption, longer monitoring intervals shall be configurable
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