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Introduction
At RAN1#86, the following agreements related to mini-slot are drawn:
· Mini-slot
· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission
· May contain ctrl at the beginning and/or ctrl at the end
· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)

which was further agreed at RAN1#86bis by
· The NR frame structure should support both slots and mini-slots

At RAN1#87, the following agreements are given:

· 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 state some further views on the design of reference signals for use with mini-slots. This is based on the understanding that a mini-slot is used for discussion purposes to describe transmissions which are not slot-based, and which are typically shorter than a slot. The term “mini-slot” may not be a necessary in the specification phase of NR.  

Main use cases targeted for mini-slots

The main motivation for mini-slots is to support a shorter transmission duration than is possible with   slot. With the requirement of a shorter transmission, some relevant use-cases t are as follows:
· For URLLC where eMBB and URLLC are multiplexed in a same carrier. 
· For mm-wave bands where the bandwidth is very large and a smaller time unit than a slot is needed in order to get reasonable payloads, without extending the transmission duration unnecessarily.
· For unlicensed band, in order to use the available resources in an efficient way. The data transmitted in an unlicensed band can be transmitted soon after listen before talk is completed.

Furthermore, according to the agreements of recent RAN1 meeting, discussions based on mini-slots in NR was mainly motivated by the requirements of low latency services such as URLLC. Therefore, in this contribution, we focus on the discussion on the use-case targeted for multiplexing eMBB and URLLC. As shown in the example in Fig. 1,eMBB is transmitted based on slot and the URLLC transmission punctures part of eMBB resource. Considering URLLC services, which require very high reliability, the transmission for URLLC may need a certain physical structure. Hence, the channelization issues (e.g. control/reference signal overhead) related to URLLC need to be carefully considered. In section 3, the related issues on reference signals will be discussed in details. 
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Fig. 1 Example of multiplexing eMBB and URLLC

Discussion on mini-slot reference signal for URLLC
In this section, we discuss the URLLC reference signal. First, we give some agreements on slot-based reference signal which is under discussion. Then, we focus on the discussion on reference signals suitable for mini slot transmissions.
Slot reference signal
In RAN1 #85, RAN1 #86bis, and RAN1#87, the following agreements regarding the demodulation reference signal (DMRS) for slot-based data transmission were made:

Agreements:
· At least the following is studied for NR in order to reduce decoding latency
· RS used to start to demodulate a data transmission is located at the beginning of the time interval to which the data and associated RS for demodulation is physically mapped
· Other additional RS design associated with data demodulation is not precluded

Agreements:
· Study design of demodulation RS for broadcast channel, control channel and data channel
· Separate vs. joint design
· Study on design of demodulation RS for data channel 
· Whether or not the same principle for UL and DL RS pattern design 
· How to map DM RS in symbols of a slot
· Max # of orthogonal DL DMRS ports for SU/MU-MIMO scheduling

Agreements:
· Support variable/configurable DMRS pattern for data demodulation 
· FFS: Time and/or frequency domain density can be configured  
· FFS: RE location can be configured
· At least one configuration supports front-loaded DMRS pattern

Ideally, for simplicity, DMRS patterns for different numerologies should be the same. Multiplexing of DMRS ports (e.g., TDM, FDM, CDM, etc.) should be supported. The DM-RS sequence can be PN, Zadoff-Chu, etc. For some specific scenarios, special DMRS designs may need to be further studied.
 Mini-slot reference signal for URLLC
The reference signal for URLLC is required for data demodulation when URLLC are multiplexed with eMBB in the same carrier. 

We assume here that a mini-slot would contain user data, demodulation reference signals and typically also control information. The same reference signals would be used for demodulation of data and control.

[bookmark: _GoBack]The reference signal for URLLC should be carefully configured because of the limited resource in one mini-slot. It may be transmitted at the first symbol of a mini-slot. In order to efficiently use channel resources, the reference signal should be transmitted only when a URLLC data transmission is present. Figure 2 shows an example with one antenna port, where the reference signal is transmitted right after the control channel.
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URLLC reference signal
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                                                            Fig. 2 URLLC reference signal

Reference signals and URLLC control information can be frequency multiplexed using one OFDM symbol in which the reference signal is mapped in a distributed manner. The details for the reference signal design should be further studied. Moreover, eMBB reference signal and URLLC reference signal should be orthogonal.
Proposal 1: The starting point for reference signal design for URLLC is the same as for slots. But, the methods considering the special features of URLLC use cases (e.g. common and dedicated reference signals, use of the same reference signals for demodulation of control and data, differences between UL and DL) should be further studied.

As shown in the Figure 2, the eNB transmits the dedicated URLLC reference signal only when URLLC data exists. We assume that an eMBB UE, can monitor for the URLLC reference signal in each possible location only the locations notified by eNB using RRC signaling. If eMBB UE detects the URLLC reference signal, eMBB UE realizes the existence of URLLC data. Therefore, the URLLC reference signal can implicitly indicate the existence of URLLC data or not. In this case, URLLC reference signal acts as the preemption indicator signal. How to design the URLLC reference signal to realize both purposes should be carefully studied. Furthermore, if the detailed preempted resource for URLLC needs to be known for eMBB UE, explicit indication methods should be further studied. 

Proposal 2: URLLC reference signal are used to implicitly indicate the existence of URLLC data or not for both eMBB and URLLC UEs when URLLC are multiplexed with eMBB in the same carrier.

Conclusion
. The reference signal for URLLC is transmitted in the first symbol of the transmission. Furthermore, we have the following proposals:
Proposal 1: The starting point for reference signal design for URLLC is the same as for slots. But, the methods considering the special features of URLLC use cases (e.g. common and dedicated reference signals, use of the same reference signals for demodulation of control and data, differences between UL and DL) should be further studied.
Proposal 2: URLLC reference signal are used to implicitly indicate the existence of URLLC data or not for both eMBB and URLLC UEs when URLLC are multiplexed with eMBB in the same carrier.
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