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1 Introduction

DMRS design for NR-PDCCH transmissions in NR were discussed in RAN1 Ad-hoc meeting and the followings were agreed.

Agreements:
· NR supports at least following functionalities
· At least for eMBB, in one OFDM symbol, multiple CCEs cannot be transmitted on the same PRB except for spatial multiplexing to different UEs (MU-MIMO)
· A NR-PDCCH candidate consists of a set of CCEs. A CCE consists of a set of REGs. A REG is one RB during one OFDM symbol.
· For one UE, the channel estimate obtained for one RE should be reusable across multiple blind decodings involving that RE in at least the same control resource set and type of search space (common or UE-specific).
· At least for DL data scheduled for a slot, the DL data DMRS location in time is not dynamically varying relative to the start of slot
In addition, the followings were agreed for DMRS of data channel

Agreements:
· For DL DMRS port multiplexing, FDM (including comb), CDM (including OCC and Cyclic shift) and TDM should be considered

· For the CDM of DMRS ports in time and/or frequency domain

· FFS for OCC based or cycling based

· FFS: supporting CDM across adjacent REs 
· FFS: supporting cyclic shift across non-adjacent REs

· FFS OCC size

· Support PN sequence for CP-OFDM

· FFS: ZC-sequence for CP-OFDM

· FFS: For the case front-loaded DMRS pattern with 4 ports, 1 OFDM symbol is supported

· FFS: For the case of front-loaded DMRS pattern with 8 ports, two adjacent OFDM symbols are supported

· For high Doppler scenario, down selects from the followings
· Additional DMRS with reduced density in frequency domain compared to front loaded DMRS

· Additional DMRS with same density in frequency domain compared to front loaded DMRS

· Note that: Front loaded DMRS can be configured with low density

· Note: the complementary use of PT-RS for high Doppler channel estimation can be considered when determining the number of the additional DMRS.
· Other option is not precluded
· Support DMRS bundling in time domain

· At least time domain bundling with slot aggregation of DL-only slots is supported

· DMRS pattern within the first slot is not impacted by the time domain DMRS bundling

· FFS: Consider further overhead reduction of DMRS in case of bundling in time domain

· Consider whether to use mechanism of UE-assisted DMRS configuration. 

· Consider  whether to use UE-assisted configuration of PRG size
This contribution considers the DMRS design aspect for NR-PDCCH and NR-PDSCH transmission for URLLC. 
2 Discussion
Re-use of DMRS
For low latency, an effort on channel estimate for NR-PDCCH demodulation should be minimized. In LTE, an UE obtains a single channel estimate for PDCCH demodulation and this allows for minimization for both UE complexity and power consumption reduction. Note that the agreement that “the channel estimate obtained for one RE should be reusable across multiple blind decoding involving that RE” is the same direction and for the PDCCH decoding in LTE. This aspect has no impact on the blocking probability of PDCCH transmissions that is determined from the maximum number of PDCCH decoding candidates and the number of available CCEs.

Observation 1: LTE PDCCH demodulation at a UE relies on a single channel estimate that is applicable to all blind decoding operations from the UE. 
If a DL control resource set in NR is configured to a UE only for distributed NR-PDCCH transmissions, LTE operation can apply and the UE needs to obtain only a single channel estimate without further considerations on search space design aspects.
Observation 2: For a DL control resource set supporting only distributed NR-PDCCH transmissions, a UE can obtain a single channel estimate across the DL control resource set.

For localized NR-PDCCH transmissions based on DMRS precoding, the agreement that a UE can re-use a channel estimate obtained from an RE across multiple blind decoding operations involving the RE (at least for the same DL control resource set and type of search space) is of little use unless it can result to a reduction in the number of channel estimates a UE needs to perform. This requires overlapping of NR-PDCCH candidates for different CCE aggregation levels and successive placement in frequency for some (but not all) NR-PDCCH candidates at least for the smaller CCE aggregation levels.

For example, for a DL control resource set that spans a limited number of OFDM symbols, such as 3 OFDM symbols, 6REGs per CCE (one CCE spans 2 PRBs), and for a PRG that spans 8 PRBs:

a)    Up to 4 NR-PDCCH candidates with aggregation level of 1 CCE can be placed in 8 consecutive PRBs and assume same precoding across the 8 PRBs
b)    Up to 2 NR-PDCCH candidates with aggregation level of 2 CCE can be placed in 8 consecutive PRBs and assume same precoding across the 8 PRBs

c)    One NR-PDCCH candidates with aggregation level of 4 CCE can be placed in 8 consecutive PRBs and assume same precoding across the 8 PRBs

In above placement of NR-PDCCH candidates, a channel estimate associated with decoding of the largest CCE aggregation can be re-used for decoding of the smaller CCE aggregation levels or, equivalently a channel estimate can be filtered across the PRBs corresponding to all candidates with smaller CCE aggregation levels that overlap with the PRBs corresponding to the candidate with the largest CCE aggregation level. Clearly, in order to obtain frequency domain scheduling gains for localized transmissions, localized NR-PDCCH candidates need to also be distributed in frequency and obtaining a single channel estimate applicable to all localized NR-PDCCH candidates is not possible. However, a channel estimation complexity can be materially reduced compared to a maximum possible one corresponding performing an individual channel estimate for each NR-PDCCH candidates as for the EPDCCH in LTE.
A concern with having a contiguous location of localized NR-PDCCH candidates for the smaller CCE aggregation levels is that it can lead to an increase of blocking probability. However, this increase is expected to be limited as for localized NR-PDCCH transmissions the associated SINR is typically not low, smaller CCE aggregation levels can be used, and a UE can be configured with a large number of NR-PDCCH candidates for the smaller CCE aggregation levels that can be distributed over multiple, UE-specific, non-overlapping groups of PRBs in a DL control resource set. Further, similar to EPDCCH in LTE, a UE can be configured to monitor both localized NR-PDCCH candidates and distributed NR-PDCCH candidates and blocking probability for distributed NR-PDCCH candidates may not be impacted.
Proposal 1: At least for localized NR-PDCCH transmissions, NR-PDCCH candidates for a number of CCE aggregation levels are located in a same set of contiguous PRBs.

Proposal 2: At least for localized NR-PDCCH transmissions, PRBs for NR-PDCCH candidates for smaller CCE aggregation levels are subsets of a set of contiguous PRBs for a larger CCE aggregation level.

Configurable PRG
The number of PRBs in a set of contiguous PRBs, and consequently a number of NR-PDCCH candidates for a given CCE aggregation level and for a given total number of NR-PDCCH candidates and for the given CCE aggregation level, can depend on the PRG size. In addition, to achieve high reliability, increased PRG size may be required for URLLC. Therefore, it is preferable that the PRG size is configured by higher layer signaling for URLLC.
Proposal 3: Higher layer signaling provides the size for the set of contiguous PRBs

The location of front-loaded DMRS for NR-PDSCH
The time location of the front-loaded DMRS for data demodulation is important for low latency support. Specifically, the front-loaded DMRS needs to be located at the beginning of the transmission slot. In the last NR ad-hoc meeting, following two options were discussed for the relative timing relationship between the front-loaded DMRS and NR-PDSCH targeting for slot-based transmission:
· Opt. 1: The first symbol of front-loaded DM-RS is fixed regardless of the first symbol of NR-PDSCH.
· Opt. 2: The first symbol of front-loaded DM-RS is no later than the first symbol of NR-PDSCH.
With Opt.1, the front-loaded DMRS will have a fixed location in time. For example, if the maximum number of OFDM symbols for DL control channel for mini-slot is one, the first symbol of the front-loaded DMRS for NR-PDSCH can be fixed as 2nd OFDM symbol for a mini-slot with more than one symbol. However, it is expected that there is additional decoding latency for NR-PDSCH decoding due to the location of DMRS.

On the other hand, in Opt.2, the front-loaded DMRS has a variable location in time depending on the number of OFDM symbols for control channel. For example, if DL control channel is transmitted in an OFDM symbol but does not occupy the whole bandwidth, then part of DMRSs for data can start from 2nd OFDM symbol in some RBs where PDCCH is transmitted and remaining part of DMRSs can start from the 1st OFDM symbol in RBs without PDCCH. However, Opt. 2 is also not helpful to reduce decoding latency for NR-PDSCH decoding due to the unexpected DMRS location at the 2nd symbol. Indeed, this variable DMRS location in time likely increase UE decoding complexity compared to the Opt. 1.

For URLLC, it is beneficial that the first symbol of front-loaded DMRS is fixed at the first symbol of mini-slot. In this case, the same DMRS can be used for control and data demodulation in a mini-slot. Although it may limit transmission schemes of NR-PDSCH by the same transmission scheme of NR-PDCCH it is quite reasonable for URLLC because reliability is more important than data rate for URLLC. Therefore, NR should consider DMRS for control demodulation can be reused for data demodulation
Proposal 4: Consider to use the same DMRS for control and data demodulation in a mini-slot for low latency transmission
3 Conclusions 

This contribution discusses design aspects for “mini-slot” including several FFS aspects form last agreements and proposes the followings:
Proposal 1: At least for localized NR-PDCCH transmissions, NR-PDCCH candidates for a number of CCE aggregation levels are located in a same set of contiguous PRBs.

Proposal 2: At least for localized NR-PDCCH transmissions, PRBs for NR-PDCCH candidates for smaller CCE aggregation levels are subsets of a set of contiguous PRBs for a larger CCE aggregation level.

Proposal 3: Higher layer signaling provides the size for the set of contiguous PRBs

Proposal 4: Consider to use the same DMRS for control and data demodulation in a mini-slot for low latency transmission
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