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Introduction
In the RAN1 #87 meting, the following were agreed on Mini-slot design [1].
R1-1613630
· 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 
R1-1613779
· 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 
· Note: This may not apply in all cases

In this contribution, we descuss several options of control channel design with the Mini-slots.
Discussion of Control Channel Design with Mini-slots
A mini-slot is a minimum time interval for scheduling or transmitting within a subframe or slot in a NR system. If a DL mini-slot is scheduled, the UE expecting to receive from the mini-slot needs to be aware of the mini-slot configuration so that to be able to allocate and decode the payload carried on the mini-slot(s).
Based on different usage of mini-slot, mini-slot configuration may be indicated with the following options
· statically via system information,
· semi-statically via RRC signalings 
· dynamically via the DL control channel or MAC CE
If dynamic indication is used, the indication may be designed with one level or two level control channel approach.
As illustrated in Figure 1, a mini-slot’s configuration may be indicated by the common DL control channel and the UEs receiving mini-slots need to detect and decode the DCIs related to mini-slots at the beginning of each subframe. The cost of this one-level indication is the extra overhead for information of detailed mini-slot configuration in the common DL control channel and potentially larger blind detection.
[image: ]
[bookmark: _Ref471385919]Figure 1 One-level Indication
Also a mini-slot’s configuration may be indicated by two-level approach as shown in Figure 2. For example, the possible mini-slot’s location is first indicated by the DCIs in the common DL control channel, and then detailed configuration or following mini-slot’s configuration is indicated by the mini-DCIs contained in the mini-slot. This reduces the overhead in the common DL control channel for mini-slots as well as the potential blind decoding, but increases the overhead for the UEs to detect and decode the mini-DCIs for mini-slots multiple times within a subframe.


[bookmark: _Ref471736353]Figure 2 Two-level Indication
Observation 1: One-level DL control channel design for mini-slot may simplify mini-slot UE’s control info detection and decoding process, but may increase the overall common DL control channel overhead and therefore potentially the blind decoding cost. 
Observation 2: Two-level DL control channel design for mini-slot may reduce the overall common DL control channel overhead and therefore potentially the blind decoding cost, but this may be achieved at the cost of  increased complexity of UE’s control info detection and decoding process for mini-slots.
For the different senarios of using mini-slots, the pros and cons need to be studied for both one-level and two-level DL control channel design with mini-slots, in order to meet different performance requirements with efficient usage of the NR system resources.
Proposal 1: NR may consider both one-level and two-level DL control channel design for mini-slots.
Conclusion
In this contribution, we have discussed the pros and cons of one-level and two-level DL control channel design for mini-slots, which is summarized as the following:
Observation 1: One-level control channel design for mini-slot may simplify mini-slot UE’s control info detection and decoding process, but may increase the overall common DL control channel overhead and therefore potentially the blind decoding cost. 
Observation 2: Two-level control design for mini-slot may reduce the overall common DL control channel overhead and therefore potentially the blind decoding cost, but this may be achieved at the cost of  increased complexity of UE’s control info detection and decoding process for mini-slots.
Proposal 1: NR may consider both one level and two level control design for mini-slots.
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