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1 Introduction

This contribution focuses on the design of DMRS for mini-slots. More specifically, it focuses on mini-slots for URLLC services which can have both control and data portions. The main proposal of this document is to allow at least some transmission modes where DMRS can be shared between the control and data channels. DMRS sharing can have a dramatic impact on the resource efficiency of mini-slots. The following agreements are relevant for this contribution. 
Agreements: (RAN1 NR-AH#2)
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: (RAN1 NR-AH#2)
· 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
Agreements: (RAN1 NR-AH#1)
· Transmit diversity scheme for DL control channel is supported.

· FFS; SFBC or precoder-cycling, etc

· Other schemes are not precluded

· FFS number of antenna ports (1 or 2)

· A UE assumes fixed number of RS REs per REG for control channel rate matching when the REG contains RS REs

· FFS;  if the fixed number is configurable
Agreements: (RAN1#89)
· Confirm working assumption:

· One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH

· FFS: DMRS RE overhead for the REG transmitting DMRS is 1/3

· FFS on DMRS pattern

Agreements
· MU-MIMO is supported NR-PDCCH using at least non-orthogonal DMRS.

· FFS: orthogonal DMRS for UE-specific NR-PDCCH

Agreements: (RAN1 NR-AH#2)
· DMRS is mapped on all REGs on all the OFDM symbols of a given PDCCH candidate

· The DMRS density is the same on all REGs
2 Shared Front-Loaded Pilots in Mini-Slot Control
If current slot agreements for reference symbols in control and data part with their respective densities are kept for mini-slots, there is significant reference symbol overhead for mini-slots. This can be overcome by the use of shared pilots which are front loaded to mini-slot and are used to demodulate both control and data parts. Of course, the shared reference symbols will be beneficial only when the gNB is transmitting the control and the data information over the same frequency carriers. When there is only partial overlap of frequency resources between control and data part for a particular UE, the shared reference symbols will provide the benefit for the frequency carriers which are overlapping in control and data.
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 Figure 1: Front Loaded Shared Pilots in Mini-Slot Control Region

Figure 1: Front Loaded Shared Pilots in Mini-Slot shows this proposal of placing shared pilots in the control region. This example figure shows a mini-slot with length of 3 OFDM symbols. Figure (a) shows the conventional setting where PDCCH, consisting of one symbol, has its own pilot sequence. Followed by PDCCH, data part of mini-slot (PDSCH) has front loaded pilots in its first symbol. Figure (b) basically shows our proposal to put the shared pilots in the control region of the mini-slot. To make the same reference symbol usage in the data region, the same antenna port should be used to transmit both the control and the data part. In case the control region does not occupy all the resources of the first symbol, Figure (c) has shown that the gNB multiplexes data over unused resources in the control region. In that case, the same reference symbol sequence with same density can be kept as front-loaded, although this now contains both control and data elements. Although Figure (c) shows control resources in a localized manner, they could be distributed in whatever manner, and the data multiplexing in the control region could be enabled through different mechanisms but the main proposal of pilots placed uniformly in the control region (which may carry control and data parts) stays perfectly applicable to all such scenarios.
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Figure 2: Shared Pilots Plus Additional Pilots in PDSCH
Figure 2: Shared Pilots Plus Additional Pilots in Data shows a mini-slot with control and data portions where user scheduling is such that the data portion extends in frequency domain compared to control resources (PDCCH).  Figure (a) shows the conventional setting where both control and data region have their individual reference symbols. Figure (b) shows the proposal where control region is embedded with shared pilots. In such a case, control region may have shared pilots which can be perfectly exploited to demodulate respective frequency carriers in the data part but the data portion which uses additional frequency components would need their proper reference symbols.
Placing the pilots in the control region has the advantage that they are readily available for very quick control demodulation. 
Observation 1: The DMRS overhead can be significant if DMRS are present in both the control and data region of the mini-slot.
Proposal 1: For mini-slots, there is at least one transmission mode where user data (PDSCH) and control information (PDCCH) can be transmitted through the same antenna ports allowing for shared DMRS to be embedded in the control region. 
3 Mini-Slots with Multi-port and/or Multi-user Transmission
A. Multi-Antenna Port Data Transmissions with Shared Reference Symbols
If control and data regions are to share reference symbols, they must be using the same antenna ports. In case of mismatch in the number of active transmission ports used for control and data, and supposing that control is using a smaller number of antenna ports than data, the control information should be transmitted through a sub-set of the antenna ports used for data transmission to facilitate the sharing of reference symbols. 

As far as antenna ports are concerned, due to quick arrival of URLLC data, the possibility of outdated UE channel state information at the gNB and reliability requirements of URLLC, it will be difficult to apply higher layer spatial multiplexing for the mini-slots. In such scenarios, single layer transmission, space frequency block coding (Alamouti coding for example) could be the obvious choices. Probably dual layer transmission with 2 antenna ports could also be a viable option in some scenarios.

Single antenna port Control Transmission followed by multi-antenna port Data Transmission:

In case that control transmission is single antenna port based, and the follow up data transmission is multi-antenna port based, the proposal is to place the shared pilots for these antenna ports in the control region. To enable demodulation of control information at the user side, the gNB should use one of these antenna ports to transmit control information which means that practically the control information is sent with precoding where the precoding vector is the one of the precoding vectors used for data transmission. In this case, reference symbols are sent for all the antenna ports through which data will be transmitted (PDSCH) and one of these antenna port is used to send the control information. One further idea to facilitate the demodulation of the control information could be to use the first of the antenna ports used for data to transmit the control information. 

Proposal 2: For mini-slots where data is transmitted using multiple antenna ports, shared DMRS can be used and the control information is transmitted using the first antenna port of the data transmission. 
B. User-specific and Non-User-Specific Reference Symbols
Although there is a common understanding that the typical use of mini-slots would be for a single user but the standard does not restrict the use of mini-slots to single users. It can happen that the network has configured multiple URLLC users in the same CORESET for potential downlink control information which might appear at any of these DCI occasions. It may happen that before a certain URLLC CORESET, gNB scheduler receives data from upper layers for two or more users, then the gNB can schedule data for these users in a single mini-slot by assigning time-frequency resources to these users. For the mini-slots with a single user scheduled, the DMRS should be user-specific.

We discuss here the scenario with multiple users scheduled on orthogonal time-frequency resources, thus excluding MU-MIMO or multi-layer beamforming destined to multiple users on the same resource. For such mini-slots with multiple users, DMRS sharing will be possible only if these users’ channels are being transmitted with the same antenna port(s), and that also includes at least the port through which control information is being transmitted. In such scenarios, sharing of DMRS between control and data of these users can be facilitated by the use of common (common to mini-slot users) DMRS (sort of LTE cell specific reference symbols).

Proposal 3: For mini-slots with resources scheduled for multiple users, there could be a transmission mode where DMRS are mini-slot specific and are used to demodulate the control and the data for all the scheduled users in the mini-slot.
4 Conclusion
In this contribution, the following observations and proposal have been put forward:
Observation 1: The DMRS overhead can be significant if DMRS are present in both the control and data region of the mini-slot. 
Proposal 1: For mini-slots, there is at least one transmission mode where user data (PDSCH) and control information (PDCCH) can be transmitted through the same antenna ports allowing for shared DMRS to be embedded in the control region. 
Proposal 2: For mini-slots where data is transmitted using multiple antenna ports, shared DMRS can be used and the control information is transmitted using the first antenna port of the data transmission. 
Proposal 3: For mini-slots with resources scheduled for multiple users, there could be a transmission mode where DMRS are mini-slot specific and are used to demodulate the control and the data for all the scheduled users in the mini-slot.
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