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1 Introduction

DMRS design aspects for NR-PDCCH transmissions in NR were discussed in RAN1 adcoh NR#1 and the following 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
This contribution considers the DMRS for demodulation of NR-PDCCH transmissions and, in particular, design aspects related to DMRS re-use for multiple blind decoding operations and for potential PRB bundling to improve channel estimation. 
2 DMRS Re-Use and PRB Bundling
Key objectives for NR-PDCCH design include offering similar, if not better, spectral efficiency than the PDCCH design in LTE and significantly reducing UE complexity and power consumption for monitoring NR-PDCCH. Potential spectral efficiency gains have to primarily rely on the use of frequency domain scheduled and beam-formed transmissions and maintaining the LTE capability to use for PDSCH transmissions the time-frequency resources that are not used for NR-PDCCH transmissions. 
Reductions in UE complexity and power consumption need to rely on several mechanisms that, at least for operation below 6 GHz, primarily include configuring the maximum number of NR-PDCCH decoding operations per slot as in LTE Rel-13 (instead of always exhausting the UE capability) and reducing the average number of NR-PDCCH decoding operations per slot. With respect to channel estimation, an LTE UE obtains a single channel estimate for PDCCH demodulation and this allows for minimization for both UE complexity and power consumption reductions. The agreement that “the channel estimate obtained for one RE should be reusable across multiple blind decodings involving that RE” is in 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 a 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 for 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, 6 PRBs per CCEs (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 CCEs can be placed in 8 consecutive PRBs and assume same precoding across the 8 PRBs
c) One NR-PDCCH candidate with aggregation level of four CCEs can be placed in 8 consecutive PRBs and assume same precoding across the 8 PRBs

The above placement of NR-PDCCH candidates can result to a material reduction in the maximum possible number of channel estimates which in the above example is by a factor of 7. Then, 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 candidate 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 larger 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.

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 for the given CCE aggregation level, can depend on the PRG size. To account for different frequency selectivity exhibited for different channels, it is preferable that the PRG size is configured by higher layer signaling (system information can be applicable in this case). 

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

3 Conclusions

This contribution considered aspects of the DMRS design as they related to the search space design for NR-PDCCH and proposes the following. 
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.
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