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1 Introduction

Configuration aspects for PDCCH monitoring were discussed in previous RAN1 meetings and the following were agreed.

Agreements:
· In time domain, a CORESET can be configured with one or a set of contiguous OFDM symbols

·  The configuration can indicate the starting OFDM symbol and time duration

· A CORESET is configured with only one CCE-to-REG mapping

Agreements:
UE-specific DL control information monitoring occasions at least in time domain can be configured.
Agreements:
· For a CORESET which is configured by UE-specific higher-layer signaling, at least following are configured.

· Frequency-domain resources, which may or may not be contiguous

· Each contiguous part of a CORESET is equal to or more than the size of REG-bundle in frequency

· FFS: exact size and number of contiguous parts for a CORESET

· Starting OFDM symbol

· Time duration

· REG bundle size if the configuration is explicit

· Transmission type (i.e., interleaved or non-interleaved)

· More parameters may be added if agreed

· For a CORESET which is configured by UE-specific higher-layer signalling, at least following is configured.

· Monitoring periodicity

· FFS: it is a configuration per CORESET or per one or a set of PDCCH candidates

· FFS: relation with DRX

· FFS: default/fallback value

Agreements:
· For PDCCH blind decoding, at least for the non-initial access, at least the following can be configured:

· Number of PDCCH candidates per CCE aggregation level, per DCI format size that the UE monitors

· Set of aggregation levels

· FFS explicit or implicit configuration

· Set of DCI format sizes

· FFS explicit or implicit configuration

· FFS: per CORESET not used for initial access or search space

· FFS: Signalling details

· Note that the number of candidates can be zero

· UE blind decoding capability is known by NW

· FFS: How the capability is derived
Possible proposals from offline:
· FFS: UE PDCCH blind decoding capability is defined in NR

· FFS: The capability can be defined as the maximum number of blind decodes that a UE can support within a time unit. 
· FFS: the value of the time unit 

This contribution considers aspects related to PDCCH CORESET configurations. All following aspects concern configurations by higher layers after a UE establishes RRC connection with a gNB.
2 DL Control Resource Set and Search Space
For non-interleaved mapping, the REG bundle is the CCE itself (i.e. 6 REGs). The UE should be able to assume the same precoder at least over some REG bundles - further details are provided in [1]. For interleaved mapping, the REG bundle is configurable.  
A next consideration is whether the UE can be configured to assume that a same precoding is used across REG bundles. For interleaved CCE-to-REG mapping and for a CORESET supporting CSS with UE-common RS or for a CORESET supporting USS with only interleaved PDCCH transmissions in its time/frequency resources (no overlapping with a CORESET for non-interleaved transmissions), there is no reason to always assume that same precoding is limited to only 2 or 6 REGs (RBs) in frequency. Allowing the UE to assume same precoding over a larger number of REGs in frequency can meaningfully improve channel estimation at low SINRs and close the PDCCH coverage gap between LTE and NR. 
For non-interleaved CCE-to-REG mapping and PDCCH aggregation level larger than one CCE, there is no reason to always assume different precoding for different CCEs in adjacent frequency resources for the same PDCCH candidate (the opposite is true and is also the case for the EPDCCH).      

Proposal 1: A UE is configured by higher layers a number of REG bundles where the UE can assume same precoding.

A UE is configured a number of PDCCH candidates per CCE aggregation level and per DCI format size that the UE monitors, the set of CCE aggregation levels (either explicitly or implicitly), and the set of DCI format sizes. As the configured number of PDCCH candidates per CCE aggregation level for a DCI format size can be zero, the set of CCE aggregation levels for the UE to monitor directly follows from a non-zero configuration for the number of candidates and an explicit configuration is not needed.

Observation 1: A configuration for a set of CCE aggregation levels for a UE to monitor PDCCH is not needed.

Regarding whether the configuration is per CORESET or per search space, per CORESET configuration is preferable because it allows a gNB to better control the distribution of PDCCH candidates and actual use of configured CORESETs. For example, for two configured CORESETs, the first CORESET can contain the majority of PDCCH candidates and can be always used when there is a PDCCH transmission while the second CORESET can be used on demand depending on whether or not the PDCCH transmissions can be supported in the first CORESET. This also allows for reduced blocking probability in the first CORESET due to a larger number of PDCCH candidates per CCE aggregation level. Additional RRC overhead is not a concern particularly as a number of CORESETs that a UE is configured is not expected to be large and as the configuration of PDCCH candidates per CCE aggregation level is only one of several configurations applicable for a CORESET
Proposal 2: The configuration for the number of PDCCH candidates per CCE aggregation level and per DCI format size is per CORESET.

The above configuration aspects assume that a PDCCH decoding capability for a UE is known to the gNB and whether this is tied to the UE category or is separately informed by the UE to the gNB is FFS. One possible case where it can be beneficial for a UE to inform the gNB of its blind decoding capability is for CA or DC operation with a large total number of cells. In such cases, the UE PDCCH decoding capability is not expected to be a multiple of the number of cells times a maximum number of PDCCH decoding operations in case of single cell operation – a same situation was encountered in LTE eCA. Then, it can be beneficial for the overall network operation and for the UE operation for the gNB to know whether the UE can perform, for example, 80, 100, or 120 PDCCH decoding operations in order for the gNB to decide the distribution of the PDCCH decoding operations for scheduling in different cells or to different DCI format sizes. This can be a different UE capability than a number of DL cells a UE can support for CA/DC as this is related to data reception and there may not be a 1-to-1 correspondence between CA/DC capability and PDCCH decoding capability.      

Proposal 3: A UE informs a gNB of its PDCCH decoding capability separately from the UE category.

PDCCH transmissions to a group of UEs can occur prior to connection setup (e.g. for scheduling SIB1 or RARs) or after connection setup (e.g. for providing UE-group common PDCCH for indicating cancelled transmissions or TPC commands for periodic or semi-persistent transmissions from UEs). At least the CSS a UE monitors after connection setup and a USS need to be within the same CORESET. Also, due to an uncertainty in the time a UE applies an RRC configuration, a same CORESET needs to be used for scheduling Msg4 (assuming it conveys the RRC configuration for initial connection setup) and for scheduling PDSCH/PUSCH after the initial connection setup. Further, at least for operation in smaller system BWs, such as 20 MHz or less, the PDCCH design should support time/frequency overlapping for the CORESET of the CSS a UE monitors prior to connection setup should and the CORESET for the USS. This enables the network to configure PDCCH transmissions in NR similar to PDCCH transmissions in LTE. 
Proposal 4: A CORESET for CSS (regardless of whether prior to or after initial connection setup) and a CORESET for USS can overlap.

Different CORESETs can be associated with different beam-pair links. A single transmitter beam or transmission point applies per CORESET. As a UE needs to know a receiver beam to use for reception of PDCCHs in a CORESET, the reception beam should be part of a CORESET configuration [2]. 

Proposal 5: A CORESET configuration includes antenna port QCL.  

Proposal 6: A CORESET configuration includes a reception beam.  

DMRS scrambling sequence initialization is per PRB set in EPDCCH. This enables different CoMP-type (DPS) transmissions in different PRB sets. This functionality should be extended in NR and DMRS scrambling sequence initialization should be configured per CORESET as is further discussed in [3].  
3 Conclusions

This contribution considered configuration aspects for PDCCH and proposes the following. 
Proposal 1: A UE is configured by higher layers a number of REG bundles where the UE can assume same precoding.

Proposal 2: The configuration for the number of PDCCH candidates per CCE aggregation level and per DCI format size is per CORESET.

Proposal 3: A UE informs a gNB of its PDCCH decoding capability separately from the UE category.

Proposal 4: A CORESET for CSS (regardless of whether prior to or after initial connection setup) and a CORESET for USS can overlap.

Proposal 5: A CORESET configuration includes a QCL configuration.  

Proposal 6: A CORESET configuration includes a reception beam.  
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