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1. Introduction
In previous RAN1 meetings, agreements related to multi-beam operation for NR-PDCCH were made as follows;
	< RAN1 NR Ad-Hoc (Jan.)>
Agreements:
· 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
Agreements:
· For reception of DL control channel, support indication of spatial QCL assumption between an DL RS antenna port(s), and DL RS antenna port(s) for demodulation of DL control channel
<RAN1 #88>

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

· MAC CE signaling

· RRC signaling

· DCI signaling

· Spec-transparent and/or implicit method

· Combination of the above
<RAN1 #89>
Agreements:
· Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signalling
· Note that MAC-CE is not always needed
· FFS: necessity of DCI signalling
· Note: For example, DL RS QCLed with DMRS of PDCCH for delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial parameters


In this contribution, we discuss considerations on multi-beam operation for NR-PDCCH. 
2. Discussions 
2.1. Multi-beam operation for NR-PDCCH 
In order to support robustness against beam pair link blocking on NR-PDCCH transmission, it was agreed that UE can be configured to monitor NR-PDCCH on different beam pair links (BPL). This multi-beam operation can be used for increasing transmission/reception opportunities and achieving diversity gain for a NR-PDCCH.

Regarding the transmission/reception opportunity, a gNB can transmit different narrow beams on different time instances for covering wide area, so transmission/reception opportunity is decreased in terms of each UE which monitors a narrow beam. If multiple BPLs are configured to a UE and a UE performs blind detection on multiple monitoring sets related to multiple BPLs, the opportunities for NR-PDCCH reception can be increased from a UE’s perspective and scheduling flexibility can also be increased for the gNB. However, it increases UE BD complexity. Thus, based on scenarios how multiple BPLs can be utilized, different monitoring interval for each BPL seems necessary. 
For achieving diversity gain of NR-PDCCH transmission, a gNB can transmit same NR-PDCCH on different Tx beam to increase diversity gain. In this case, a diversity gain can be acquired by repetition with appropriate adaptation of aggregation levels in each BPL. A UE may need to know whether multiple NR-PDCCHs can schedule the same data if repetition is used. When diversity gain is considered, repetition of NR-PDSCH across multiple BPLs can be also considered. Alternatively, best beam among multiple configured BPLs can be selected by the network for a single NR-PDCCH transmission. 

Depending on the use case, monitoring interval and BD split among multiple BPLs can be different. For example, if single NR-PDCCH is transmitted via best beam where best beam may be dynamically changed, short monitoring interval and large portion of BDs can be assigned to one BPL configuration. If repetition is used, similar or same monitoring interval and BD splits are considered. 

Observation: The multi-beam operation can be used to increase NR-PDCCH reception opportunities and diversity gain. 
Proposal 1: NR supports that a NR-PDCCH is transmitted by single BPL when multiple BPL configurations are given. 
Proposal 2: Repetition of NR-PDCCH over multiple BPLs are further considered.
2.2. Considerations on multi-beam operation
Multiplexing of multiple Tx beams
In NR, the number of Tx beams transmitted simultaneously may be considered as one of the gNB capabilities. When a gNB transmit multiple Tx beams on same resources, each beam should be distinguished and impacts by interference from other beams should be minimized for NR-PDCCH reception. For this purpose, multiplexing scheme among Tx beams transmitted simultaneously should be determined, for example, FDM, CDM and SDM (using orthogonal ports) as a orthogonal scheme, and SDM (using non-orthogonal scrambling sequence) as a non-orthogonal scheme can be considered as a multiplexing scheme of Tx beams.
BPL configuration

A UE can report preferred beam list to network based on measurement (e.g., measurement on SS blocks, measurement on CSI-RSs configured by gNB for beam management), then the gNB configures multiple beam pair links (BPLs) to each UE considering measurement report from the UE. This BPL configuration may include following contents:

· Monitoring set of the BPL
The gNB can configure monitoring set of the BPL, and it indicates the resource set using a Tx beam of the BPL. Different Tx beam configuration on different symbols is useful for a single UE or multiple UE to achieve a certain purpose as mentioned in previous section. Therefore, it is desirable to use symbol-level configuration as a time granularity of monitoring set. 
· CORESET configuration

In terms of relationship between BPL and CORESET, we can consider overall two approaches. 

(1) Each BPL configuration has CORESETs configurations: if this approach is used, each CORESET is associated with BPL. Thus, when BPL set is changed, a set of CORESETs to monitor can be changed as well. 

(2) CORESET and BPL configurations are independent where CORESET information may not be changed even if BPL changes. 
Figure 1 shows an example of different approaches. 
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Figure 1. Relation between BPL and CORESET
In either approach, it is necessary to adjust CORESET configurations when BPL set is changed via RRC and/or MAC CE. 
Proposal 3: When BPL information is changed, corresponding CORESETs information can be also adjusted. 
Search space
Each UE can receive UE-specific NR-PDCCH via configured Tx beam(s). So, it is natural to set UE-specific search space (USS) on each BPL. 

The common search space (CSS) is needed for transmitting common information and performing fallback operation. For a CSS, wider coverage compared to USS is required because of the reasons listed below;
· Because common information is monitored by multiple UE, it is not suitable to use narrow beam. In order to avoid repetitive transmission of same information on each Tx beam, common information should be transmitted on wide beam (e.g., it can transmitted on SS block coverage). 

· In NR, the fallback operation for solving ambiguity of beam change should be needed. Therefore, wider beam compared to serving beam is needed for reliable fallback operation.
Therefore, a BPL for configuring common search space is needed additionally, for example, this BPL may be a relation between SS block and corresponding Rx beam. 

Proposal 4: For a multi-beam operation, the USS can be associated with each BPL, and the CSS can be associated with each SS block.
3. Conclusion
In this contribution, we discuss multi-beam operation for NR-PDCCH, and followings are proposed:
Proposal 1: NR supports that a NR-PDCCH is transmitted by single BPL when multiple BPL configurations are given. 
Proposal 2: Repetition of NR-PDCCH over multiple BPLs are further considered.
Proposal 3: When BPL information is changed, corresponding CORESETs information can be also adjusted.
Proposal 4: For a multi-beam operation, the USS can be associated with each BPL, and the CSS can be associated with each SS block.
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