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Introduction
With regard to multi-beam and multi-TRP (which is functionality-wise similar to multi-beam and thus discussed jointly) operation for PDCCH, the following agreements have been made in previous meetings:
[bookmark: _Hlk485129831]Agreements [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

Agreements [2]:
· Adopt the following for NR reception:
· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 
· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner
· Note: CSI feedback details for the above case can be discussed separately

· For the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, NR supports:
· The maximum supported number of NR-PDCCHs/PDSCHs is either 2 or 3 or 4
· To be decided next meeting
· FFS signaling (explicit or implicit) of the maximum number of NR-PDCCHs/PDSCHs for a UE, including the case of signaling a single NR-PDCCH/PDSCH

In this contribution, we discuss the necessary functionalities for the NR-PDCCH to support such multi-TRP and multi-beam operation.
Discussion
It will be discussed below that multi-TRP and multi-beam operation of PDCCH are equivalent and to support this in specification, there is no special considerations for the PDCCH design itself, but rather on the QCL assumptions needed to receive the PDCCH. 
Multi-TRP operation
To support multi-TRP operation, it has been agreed that a UE may receive up to N PDCCHs in a slot to be able to schedule N PDSCH in the same slot where N is either 1,2,3 or 4 and where max(N) is at least 2 (to be further decided). Since each PDCCH is scheduling one PDSCH, it should be possible to transmit the PDCCH from the same TRP as the PDSCH. This would allow for the different TRP to operate slightly less synchronized since the respective TRP may have (semi-)independent schedulers. It also allows for dual connectivity operation towards multiple TRPs. Hence, we propose:
Proposal 1: In case a UE receives multiple PDCCH in one slot to schedule multiple PDSCHs, NR specification should support transmission of these PDCCHs from different TRPs
Multi-TRP operation can either be implemented with ideal backhaul and tightly synchronized transmissions or with looser synchronization and backhaul. In the latter implementation choice, the UE needs TRP specific assistance for the demodulation of the PDSCH and it is suggested [3] to associate the PDSCH DMRS with either a CSI-RS or TRS (RS used for fine time/frequency tracking) or both CSI-RS+TRS (depending on the QCL parameters). The exact details need further discussion in the QCL agenda. For PDCCH, we need a similar, TRP specific, association of a DL RS to assist the PDCCH demodulation:
Proposal 2: It is possible to configure PDCCH DMRS of different PDCCH candidates in a slot to be QCL with different DL RS resources (for example different CSI-RS or TRS resources).
Note: this functionality in this proposal is supported also in LTE where each of the two configured EPDCCH sets can be further configured to be QCL with a given CSI-RS resource. Each of these two CSI-RS resources can then be transmitted from different TRPs. When network schedules an EPDCCH candidate from a given TRP then it uses the associated EPDCCH set.
It can be further discussed how to associate the different PDCCH candidates with a DL RS resource. One possibility is to associate each control resource set with a DL RS resource. In this case, all PDCCH candidates in the same control resource set are transmitted from the same TRP. The QCL properties can be made a part of the CORESET configuration. There does not seem to be any significant benefit to increasing complexity further by allowing different QCL properties for different candidates within a CORESET. 
Proposal 3: The PDCCH candidates in a control resource set are QCL with a CSI-RS or a TRS or both. The QCL information is part of the CORESET configuration and is signaled to the UE when the CORESET is configured to the UE.

 Multi-beam operation
For beam based operation, intended for mm-wave operation, it has been agreed that a UE can be configured to monitor PDCCH on M≥1 beam pair links (BPL) simultaneously. Since each BPL may face quite different channel properties due to the narrow spatial filtering, it is suggested [3] that each BPL has its own periodic CSI-RS and the PDCCH DMRS transmitted in the BPL can be configured to be QCL with that CSI-RS. Note that from a specification point of view, this is the same as multi-TRP transmission of PDCCH and thus, “Proposal 2” above, if agreed, already covers the multi-beam operation case as well. 



Conclusion
In this contribution, we discussed how to ensure support for multi-beam and multi-TRP operation for PDCCH in NR. Our proposals are:
Proposal 1: In case a UE receives multiple PDCCH in one slot to schedule multiple PDSCHs, NR specification should support transmission of these PDCCHs from different TRPs
Proposal 2: It is possible to configure PDCCH DMRS of different PDCCH candidates in a slot to be QCL with different DL RS resources (for example different CSI-RS or TRS resources).
Proposal 3: The PDCCH candidates in a control resource set are QCL with a CSI-RS or a TRS or both. The QCL information is part of the CORESET configuration and is signaled to the UE when the CORESET is configured to the UE.
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