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1. Introduction
In RAN1#87 meeting [1], following agreements were made regarding mini-slot design: 

	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 

· Note: This may not apply in all cases

Agreements:

· NR strives for efficient support of dynamic resource allocation of different numerologies in FDM/TDM fashion.

Agreements:

· Possible use cases for the extended CP include

· Multiplexing of eMBB and URLLC deployed below 6 GHz

· SCS for eMBB 15(NCP)/30/60kHz, SCS for URLLC = 60 kHz

· Transmission of URLLC with 60 kHz SCS

· High speed scenarios for 30kHz and 60kHz

· Support extended CP at least for 60 kHz SCS

· UE support for ECP may depend on UE type/capability

· FFS how to configure UE using different CP overhead

· FFS the length of ECP

· FFS extended  CP for other scenarios/numerologies

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 


In this contribution, we discuss considerations on design of control, data, and DM-RS for mini-slot-based transmission. Considering a variety of applications and requirements for mini-slot, we provide our views on mini-slot design. 
2. Discussions 
2.1. Multiplexing between control and data
In our view, mini-slot is a minimum time unit of control monitoring occasion. Depending on the application and requirements, it can have different design of control channel in terms of resource allocation and search space to be monitored. When control and data are transmitted over multiple contiguous mini-slots, UE will perform processing for decoding control and data sequentially mini-slot by mini-slot. In this case, when the processing time for each mini-slot is much larger than the time duration of mini-slot, it will cause UE complexity increase to support parallel processing across different mini-slots. Furthermore, considering delay-sensitive application such as URLLC, the processing time of decoding control and data needs to be small enough. Since decoding data will start after decoding control is completed, TDM approach for multiplexing control and data would be beneficial in terms of latency. In other words, even if control and data are FDMed in slot-based operation, it is necessary to support that control and data in mini-slot-based operation are TDMed. In this case, control channel can be mapped in the first (few) symbols within a mini-slot. Regarding UE-search space, to support a variety of application and requirements, it can be considered that network configures UE-search space in terms of monitoring occasion in time-domain, and frequency resource. In our view, when mini-slot is used for URLLC service, the minimum period of monitoring occasion will be 2 slot-OS. 

 Proposal 1: It is necessary to support at least TDM for multiplexing control and data for mini-slot operation. 
Proposal 2: UE-specific search space can be configured by network in terms of monitoring occasion in time domain and frequency resource considering a variety of application and requirements. 
2.2. DM-RS overhead reduction 
When the number of symbols within a mini-slot is small, it is necessary to investigate how to reduce DMRS overhead. For instance, when both slot and mini-slot assume the same numerology, mini-slot can consist of 2 symbols for URLLC. In this case, control and RS overhead could be large, therefore, resources for data mapping would be not enough. In Rel-14 latency reduction SI, it was discussed that dynamic RS on/off to reduce RS overhead over multiple TTIs. In this case, some portion of TTI within certain duration of time will not transmit RS, instead, RS transmitted in other TTI can be used for channel estimation. However, when the amount of traffic to be transmitted is small as in URLLC, PDSCH will be transmitted intermittently rather than burst transmission. In this case, it is necessary to investigate how to reduce RS overhead for each mini-slot. As one approach, it can be considered to support RS sharing between control and data channel for channel estimation. 
Proposal 3: It is necessary to investigate how to reduce DM-RS overhead for each mini-slot. 
2.3. Data scheduling and HARQ-ACK feedback procedure
In the existing LTE system, after UE successfully detect DL control channel, its associated DCI contents will be interpreted at high layer. Depending on the DCI contents, UE can distinguish whether received data is associated with new data or retransmission. These kinds of processing called high-layer operation could have relatively large processing time compared to the time duration of mini-slot. Especially, the length of mini-slot is 1 or 2 symbol length, it is necessary to check feasibility or suitable timing of data scheduling and HARQ-ACK feedback timing. Alternatively, it can be considered to study how to reduce processing time for high-layer operation. 
Proposal 4: It is necessary to investigate the impact of high-layer operation on the overall processing time for data scheduling and HARQ-ACK feedback procedure. 
3. Conclusion
In this contribution, we discuss considerations on design of control, data, and DM-RS for mini-slot-based transmission. Our observations and proposals are summarized as follows: 
Proposal 1: It is necessary to support at least TDM for multiplexing control and data for mini-slot operation. 
Proposal 2: UE-specific search space can be configured by network in terms of monitoring occasion in time domain and frequency resource considering a variety of application and requirements. 
Proposal 3: It is necessary to investigate how to reduce DM-RS overhead for each mini-slot. 
Proposal 4: It is necessary to investigate the impact of high-layer operation on the overall processing time for data scheduling and HARQ-ACK feedback procedure. 
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