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1 Introduction

This contribution discusses the allocation of DMRS in both time and frequency domain for mini-slots. The following agreements on the topic have been achieved:
Agreements: RAN1#87, Reno, Nov 2016
· 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: RAN1#AH1 NR, Athens, Feb 2017
· DMRS for mini-slot-level data channel is just a re-use of that for slot-level data channel
Agreements: RAN1#AH2 NR, Qingdao, Jun 2017

The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:

A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:

· Configuration type 1:

· One symbol:

· Comb 2 + 2 CS, up to 4 ports

· Two symbols:

· Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports

· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.

· Configuration type 2:

· One symbol:

· 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports

· Two symbols:

· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports

· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.

· From UE perspective, frequency domain CDMed DMRS ports are QCLed.

· FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.

· Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed

Agreements:
· For downlink, UE can be informed about the first DMRS position of the PDSCH between the following:

· Fixed on the 3rd or 4th symbol of the slot (for, a.k.a, slot-based scheduling)

· 1st symbol of the scheduled data (for a.k.a non-slot-based scheduling)

· FFS: if special handling is needed for the case where some of the PRBs of the symbol of the scheduled data is overlapped with the other signals/channels
2 DMRS density in short mini-slots
The agreements on 1-symbol DMRS for slots are depicted in Figure 1 and Figure 2 for configuration types 1 and 2, respectively.
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Figure 1: Configuration Type 1 for 1-symbol DMRS.
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Figure 2: Configuration Type 2 for 1-symbol DMRS.


As can be seen from Figure 1 and Figure 2, the DMRS overhead is significant if these 2 configuration types are applied to short mini-slots, especially 1-symbol mini-slots. 
Observation 1: Significant DMRS overhead for 1/2-symbol mini-slots for DMRS configuration types 1 and 2.
In order to reduce the DMRS overhead but at the same time keep the agreed upon DMRS structure for slot-based data transmission, it is desirable to limit the number of supported antenna ports for short mini-slots, e.g. up to 4 antenna ports. Other possibilities include the increase of DMRS spacing in frequency-domain or the use of additional cyclic shifts (CS) of the DMRS sequence. Figure 3 and Figure 4 depict two examples of possible DMRS design for short mini-slots with a DMRS overhead of 50%. 
	[image: image3.png]Frequency

Port 0/1  Port2/3

i

DOoo@

DMRS port 0 CS A
DMRS port 1 CS A
DMRS port 2CS B
DMRS port 3CS B

Port




Figure 3: Example of Configuration Type 1 for 1-symbol DMRS with comb 4.
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Figure 4: Example of Configuration Type 2 for 1-symbol DMRS with up to 4 antenna ports.


Therefore, the following guidelines should be considered for short mini-slots:
Proposal 1: Limit the DMRS overhead of short mini-slot should to 50%.
Proposal 2: Limit the number of antenna ports for short mini-slots to 4.
Proposal 3: Increase DMRS spacing in frequency domain to reduce DMRS overhead.

3 DMRS position in time-domain

Concerning the location of DMRS in time-domain, front-loaded DMRS for mini-slots have been agreed on. However, depending on the Doppler spread (high/low speed cells) and the numerology of the transmission it is useful to have additional OFDM symbols with DMRS. One way to achieve more flexibility in placement of DMRS symbols is by allowing a longer mini-slot to be composed of multiple shorter mini-slots. Each shorter mini-slot has front-loaded DMRS and hence the total aggregated mini-slot has DMRS at regular time intervals. This concept is illustrated in Figure 5, where three aggregated mini-slots are shown in one 14-symbol slot.
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Figure 5: Examples of contiguously aggregated mini-slots in a slot of 14 OFDM symbols.
Proposal 4: Use intra-slot aggregation of mini-slots to allow flexible DMRS placement.

4 Conclusion
In this contribution, the following observations and proposal have been put forward:
Observation 1: Significant DMRS overhead for 1/2-symbol mini-slots for DMRS configuration types 1 and 2.

Proposal 1: Limit the DMRS overhead of short mini-slot should to 50%.

Proposal 2: Limit the number of antenna ports for short mini-slots to 4.

Proposal 3: Increase DMRS spacing in frequency domain to reduce DMRS overhead.

Proposal 4: Use intra-slot aggregation of mini-slots to allow flexible DMRS placement.
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