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1 Introduction 
At RAN1 meeting #90, the following agreements were achieved [1]

· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier

· FFS the case of multiple BWPs for the component carrier if supported

· (Working assumption) In this case, at most a total of 2 CWs over the scheduled NR-PDSCHs

· For multiple NR-PDCCH reception for scheduled NR-PDSCHs:

· FFS whether or not there is any impact on # of HARQ processes and/or soft buffer management

· FFS the mapping between PUCCH conveying ACK/NACK signaling and PDSCH

· Note: this topic is more suitable for discussion under scheduling/HARQ session

At RAN1 AH NR meeting #2, the following agreements were achieved [2]

· 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: Signaling details
· Note that the number of candidates can be zero
· UE blind decoding capability is known by NW
· FFS: How the capability is derived
Moreover, at RAN1 meeting #89, the following agreements were achieved [3]

· 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
· Maximum number of HARQ processes per carrier supported in NR is 8 or 16 

· This is at least for the single numerology case and a slot-level scheduling and single-TRP transmission

In this contribution, we discuss our view on various aspects of agreed multiple NR-PDCCH reception for NR, namely the CORESET configuration of for monitoring NR-PDCCH(s), the corresponding signaling mechanism, and aspects relating to the number of HARQ processes and DL-related UL transmission for multiple NR-PDCCH reception.
2 Multiple NR-PDCCH

In this document, the following aspects are discussed. 
2.1 Signalling for configured NR-PDCCH(s) 
In NR, for single NR-PDCCH, a UE monitors downlink control information in one or more control resource sets (CORESETs). A control search space includes at least the aggregation level(s), the number of decoding candidates for each aggregation level, and the set of CCEs for each decoding candidate. A search space is associated with a single control resource set.
A natural mechanism to signal the configured NR-PDCCH(s) for a UE is by means of the CORESET(s) a UE is configured with. In this design, a given CORESET is associated with one or more NR-PDCCH(s). In other words, the configuration of NR-PDCCH(s) for a UE involves signaling of the association between CORESET(s) and NR-PDCCH(s).
Proposal 1: For a given UE, the association between a CORESET and a NR-PDCCH can be configured by RRC signaling.
The association between CORESET(s) and NR-PDCCH(s) implies the number of NR-PDCCH(s) that a UE is configured for. According to the recent agreement at RAN1 Meeting #90, the following relationship holds for the number of configured NR-PDCCH(s) at a UE.

Number of configured NR-PDCCH(s) at the same slot ≤ 2 (the maximum supported number of NR-PDCCHs for a UE)

A UE attempts decoding DCI(s) carried in NR-PDCCH(s) up to the number of configured NR-PDCCH(s). Such design can support the switch between single and multi-TRP transmission or from one transmission scheme to another, e.g., from NC-JT to DPS.
2.2 Consideration on HARQ processes 

To maintain the same level of flexibility as in single NR-PDCCH/PDSCH transmission, the number of HARQ processes in the case of multiple NR-PDCCH/PDSCH should be proportional to the number of NR-PDCCH, without increasing the maximum soft buffer size. This allows each independent link in NC-JT to have an independent HARQ entity.
Furthermore, the type of UE that is expected to receive and decode multiple NR-PDCCHs in a single slot is a UE experiencing similar SINR levels from different TRPs, which typically correspond to cell-edge UEs. Using more HARQ processes doesn’t affect the UE soft buffer size as the supported peak data rate of such UE is not expected to be more than the peak data rate of a cell-center UE with single PDCCH reception.
 Proposal 2: For reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, the number of HARQ processes increases linearly with the number of NR-PDCCHs. 
For multiple NR-PDCCH reception, UE should handle data in different NR-PDSCHs in separate HARQ entities, otherwise the ambiguity of HARQ process number indicated in DCIs scheduling NR-PDSCHs from different TRPs will lead to errors in HARQ related operations. It is necessary for UE to distinguish NR-PDCCHs scheduling NR-PDSCHs from different TRPs and handle the NR-PDSCHs properly in corresponding HARQ entities. The discrimination can be achieved based on implicit indication, such as the location of NR-PDCCH blind detection or DMRS port groups or the association between CORESET(s) and HARQ entity configured by RRC signaling. As a result, different transport blocks received by the UE from different assignments can be handled correctly.
Proposal 3: For multiple NR-PDCCH reception, NR supports handling HARQ processes from each respective NR-PDCCH received in a single slot using a respective UE HARQ entity
· The number of UE HARQ entities can be configured by RRC signaling
2.3 Consideration on DL-related UL transmission
For independent transmission of multiple NR-PDCCH and the corresponding multiple NR-PDSCH, independent NR-PUCCH transmission for ACK/NACK signalling and UE CQI report associated with each of multiple NR-PDSCH should be supported in NR. Moreover, UE follows the TPC commands from multiple NR-PDCCH for each of the multiple NR-PUCCH independently.   

Proposal 4: For multiple NR-PDCCH reception, there is one-to-one mapping between NR-PUCCH for ACK/NACK signaling and NR-PDCCH/PDSCH, where

· UE follows the TPC command for each NR-PUCCH from each NR-PDCCH.
3 Conclusion
In this contribution, we discussed CORESET configuration for monitoring NR-PDCCH(s), the corresponding signaling mechanism, the number of HARQ processes and consideration on DL-related UL transmission for supporting the operation of multiple NR-PDCCH reception. 
Based on the discussions, we have the following proposals.  
Proposal 1: For a given UE, the association between a CORESET and a NR-PDCCH can be configured by RRC signaling.

Proposal 2: For reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, the number of HARQ processes increases linearly with the number of NR-PDCCHs.

Proposal 3: For multiple NR-PDCCH reception, NR supports handling HARQ processes from each respective NR-PDCCH received in a single slot using a respective UE HARQ entity
· The number of UE HARQ entities can be configured by RRC signaling.
Proposal 4: For multiple NR-PDCCH reception, there is one-to-one mapping between NR-PUCCH for ACK/NACK signaling and NR-PDCCH/PDSCH, where

· UE follows the TPC command for each NR-PUCCH from each NR-PDCCH.
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