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1 Introduction

At the RAN1 NR Adhoc meeting, the following agreements were made on NR PDCCH monitoring [1]:

· NR-PDCCH transmission supports robustness against beam pair link blocking

· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where

· M≥1. Maximum value of M may depend at least on UE capability.

· FFS: UE may choose at least one beam out of M for NR-PDCCH reception
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols

· FFS: NR-PDCCH on one beam pair link is monitored with shorter duty cycle than other beam pair link(s). 

· FFS: time granularity of configuration, e.g. slot level configuration, symbol level configuration
· FFS: Note that this configuration applies to scenario where UE may not have multiple RF chains
· FFS: The definition of monitoring NR-PDCCH on beam pair link(s).

· Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are configured by higher layer signaling or MAC CE and/or considered in the search space design

· FFS: Required parameters
· FFS: Need to support both higher layer signaling and MAC CE
At the RAN1#88 meeting, the following agreements were made with regard to beam indication for DL data and control channel [2]: 

· For reception of unicast DL data channel, support indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel: Information indicating the RS antenna port(s) is indicated via DCI (downlink grants)

· The information indicates the RS antenna port(s) which is QCL-ed with DMRS antenna port(s) 

· FFS: Indication details

· E.g. explicit indication of RS port/resource ID, or implicitly derived 

· FFS when the indication is applied (e.g., the indication is assumed only for the scheduled PDSCH or until next indication; when the above information is included, if there should be a scheduling/beam switch offset, etc.)

· FFS: Beam indication for receiving fall back unicast PDSCH (if supported)

· Note: related signalling is UE-specific

· FFS: Beam indication (if needed) for receiving (UE-group) common PDSCH for RRC connected UE

· Candidate signalling methods for beam indication for a NR-PDCCH (i.e. configuration method to monitor NR-PDCCH)

· MAC CE signalling

· RRC signalling

· DCI signalling

· Spec-transparent and/or implicit method

· Combination of the above
In this contribution, we present our view on multi-beam operation for NR PDCCH, with focus on control resource set configuration.  

2 Multi-beam operation for DL control channel
For frequency band above 6GHz, beamforming at both gNB and UE side is crucial to compensate the severe path loss caused by atmospheric attenuation, improve the SNR and enlarge the coverage area. Figure 1 illustrates multi-beam operation for DL control and data channel.
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Figure 1. Multi-beam operation for DL control and data
To address potential blockage issue and thereby improve robustness of DL control channel, it was agreed that UE can be configured to monitor PDCCH on multiple beam pair links (BPL) simultaneously or on different BPLs in different OFDM symbols [1]. Note that whether simultaneous beam monitoring or TDM based multi-beam operation is employed for PDCCH may depend on UE capability, e.g., the number of subarrays that UE is equipped with. 

For TDM based multi-beam operation for PDCCH monitoring, two options can be considered as follows:
· Option 1: symbol level multi-beam operation. For this option, a UE is configured to monitor different BPLs for PDCCH in different OFDM symbols within a slot. Note that this option can enable fast beam or TRP switching, which may help the gNB to detect blockage quickly, but at the cost of larger PUCCH overhead. 
· Option 2: slot level multi-beam operation. For this option, a UE is configured to monitor different BPLs for PDCCH in different slots. Note that gNB may inform the UE to monitor PDCCH using the best DL beam continuously, while the gNB occasionally may configure the UE to employ the second best beam for PDCCH monitoring. This type of operation can also help the gNB to detect blockage, but with prolonged latency in blockage detection compared to Option 1. 
Further, as discussed in our companion contributions [3], given that PDCCH monitoring occasion would not change dynamically, it is more desirable to be configured via higher layers, e.g., RRC signalling. More specifically, symbol or slot index can be configured semi-statically for PDCCH monitoring with multi-beam operation. 
To enable multi-beam operation, one approach is to configure one shared control resource set (CORESET) among multiple BPLs, where part of search space within the CORESET can be associated with one BPL. This option, however, may not be desirable as it may complicate search space design for DL control channel, especially when considering the support of dynamic TRP switching within one slot. For instance, symbol level alignment among certain aggregation levels for search space may be needed in case of multi-beam operation. Further, some coordination between TRPs on the usage of search space for PDCCH transmission can be required, which may impose certain scheduling constraint. 
To address this issue and enable simpler design and operations, one-to-one linkage between CORESET and BPL is defined and each CORESET can be associated with a different BPL for multi-beam operation as illustrated in Figure 2. In this case, each TRP can make the scheduling decision and transmit the PDCCH on the dedicated CORESET. 
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Figure 2. CORESET configuration to enable multi-beam operation
Proposal 1

· One CORESET can be associated with one BPL for multi-beam operation. 

As discussed in our companion contribution [4], UE specific search space can be defined in a common CORESET at least for random access. According to this, both common search space and UE specific search space can share the same common CORESET, which may be configured by MIB or SIB. 
Hence, when multi-beam operation is employed for the common CORESET, it is envisioned that this is applicable for both USS and CSS for PDCCH monitoring. In particular, PDCCH monitoring configuration for multi-beam operation within the common CORESET can be same for USS and CSS, while only search space candidates may be defined independently for these two types of search spaces.
Proposal 2
· For both USS and CSS in a common CORESET, same PDCCH monitoring configuration is applied in case of multi-beam operation.  

3 Conclusions

In this contribution, we shared our view on multi-beam operation for NR PDCCH, with focus on control resource set configuration. Based on the discussion, we summarize our views through the following proposals:
Proposal 1

· One CORESET can be associated with one BPL for multi-beam operation. 

Proposal 2
· For both USS and CSS in a common CORESET, same PDCCH monitoring configuration is applied in case of multi-beam operation.  
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