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1 Introduction 
At RAN1 AH NR#2 meeting, the following agreements were achieved [1]

· The maximum supported number of unicast and dynamically scheduled NR-PDSCHs a UE can be expected to simultaneously receive is 2 on a per component carrier basis in case of one bandwidth part for the component carrier

· FFS in case of two or more bandwidth parts for the component carrier

· FFS the max number of corresponding NR-PDCCHs

· 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
Moreover, at RAN1#89 meeting, the following agreements were achieved [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
· 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-TRxP transmission

In this contribution, we discuss our view on various aspects of agreed multiple NR-PDCCH reception for NR, namely the maximum number of NR-PDCCH, 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 The maximum number of NR-PDCCH
NR supports multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP [2], i.e. there is one-to-one correspondence between NR-PDDCH and NR-PDSCH.  At RAN1 AH NR#2 meeting, the maximum supported number of unicast and dynamically scheduled NR-PDSCHs a UE can be expected to simultaneously receive is 2 on a per component carrier basis in case of one bandwidth part for the component carrier. Hence, the corresponding maximum number of NR-PDCCH is also 2 for one bandwidth part.  For multiple bandwidth parts for the component carrier, to maintain the independence between bandwidth parts, the maximum number of NR-PDCCH/PDSCH for the carrier should linearly scale with the number of bandwidth parts.  Hence, we have the following proposal:
Proposal 1: For multiple NR-PDCCH reception in NR, the maximum supported number of NR-PDCCH is 2 for one bandwidth part in a component carrier
· For N>1 bandwidth parts, the maximum supported number of NR-PDCCH/PDSCH is 2N per component carrier, with the maximum supported number of NR-PDCCH/PDSCH being 2 per bandwidth part.
2.2 NR-PDCCH signalling
In NR, for single NR-PDCCH, a UE monitors for downlink control information in one or more control resource sets (CORESETs). Control search space includes at least, aggregation level(s), 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 maximum number of NR-PDCCHs a UE is supposed to receive is by means of the number of CORESETs a UE is configured with. In this design, a given NR-PDCCH is associated with different one or more CORESETs, i.e. there is a one-to-one mapping between an NR-PDCCH and one or more CORESETs (for convenience, one or more CORESETs will be referred to as a set in this document). The following benefits can be achieved.
1. High flexibility: as different CORESETs can be configured with different settings for various properties, e.g. QCL indications, DMRS port groups, transmission type (i.e. localized/distributed), CCE-to-REG mapping, etc. This can accommodate multiple NR-PDCCH from different link qualities. 

2. Low false alarm rate: due to different resources being available for different NR-PDCCH. For a given maximum number of blind detections and with one-to-one mapping between a given NR-PDCCH and a given set of CORESETs, when a UE detects one message, it stops searching in the current CORESET, which effectively lowers the average total number of blind detections and in turn reduce the total number of false alarms. 
3. Low blocking probability: since there are different resources for different NR-PDCCH, resulting in more flexibility in placing candidates associated with multiple NR-PDCCH
4. Implicit signaling: for the following information can be done, based on the association of a given NR-PDCCH with a given set of CORESETs. 
a) Different HARQ process sets. For example, with the maximum 16 HARQ processes for 2 NR-PDSCH each with 8 processes, only 3 bits in DCI to identify HARQ process IDs are required.
b) Maximum number of CORESETs. Simply by virtue of having a design with one-to-one mapping between an NR-PDCCH and a CORESET, the maximum number of NR-PDCCH/PDSCH can be implicitly signaled.
c) Different MAC entities. In the use-case of NC-JT, different MAC entities independently schedule transmissions towards a UE and the UE needs a mechanism in place to map a TB corresponding to an NR-PDCCH message to a given MAC entity. The network can configure multiple CORESETs in such a way that MAC entities can be separated based on the CORESETs the corresponding NR-PDCCH was transmitted on.
d) Different PUCCH for ACK/NAK signaling. In the use-case of NC-JT, since different MAC entities perform their scheduling tasks independently from each-other, they need independent ACK/NAK signaling in order to operate properly, therefore there needs to be a one-to-one mapping between an NR-PUCCH for ACK/NAK reporting and an NR-PDCCH message.
5. Minimal standardization effort:  The only requirement is a mechanism to associate a given NR-PDCCH with a CORESET.
Hence, based on above analysis, we have the following proposal. 
Proposal 2: For multiple NR-PDCCH reception, NR supports one-to-one mapping between NR-PDCCH and one or more CORESETs.
For multiple NR-PDCCH reception, configuring the maximum number of multiple NR-PDCCHs containing different UE-specific DCIs a UE is expected to decode at a given time can be considered. The blind detection can be terminated when the maximum number of NR-PDCCH messages have been successfully decoded or all the search spaces are tried. Moreover, configuring the maximum number of NR-PDCCH/PDSCH can support the switch between single/multiple TRP(s) transmission, among different number of TRPs for NC-JT and from one transmission scheme to another, e.g. from NC-JT to DPS. The maximum number of NR-PDCCHs to be transmitted to a UE at a given time can also be signaled explicitly via L3/L2 signaling or inferred implicitly from the association of multiple NR-PDCCH with other properties, e.g. sets of CORESETs or QCL indication or DMRS port group.
Proposal 3: NR supports explicit/implicit signaling of the maximum number of NR-PDCCH/PDSCH.
2.3 Number of 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.
 Proposal 4: For multiple NR-PDCCH reception, the number of HARQ processes increases linearly with the number of NR-PDCCH compared to that of the single NR-PDCCH.
2.4 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 sent in FDM or TDM should be supported in NR. Moreover, UE follows the TPC commands from multiple NR-PDCCH for each of the multiple NR-PUCCH independently.   
Proposal 5: 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 Conclusions
In this contribution, we discussed the maximum number of NR-PDCCH, 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 multiple NR-PDCCH reception in NR, the maximum supported number of NR-PDCCH is 2 for one bandwidth part in a component carrier

· For N>1 bandwidth parts, the maximum supported number of NR-PDCCH/PDSCH is 2N per a component carrier, with the maximum supported number of NR-PDCCH/PDSCH being 2 per bandwidth part.
Proposal 2: For multiple NR-PDCCH reception, NR supports one-to-one mapping between NR-PDCCH and one or more CORESETs.
Proposal 3: NR supports explicit/implicit signaling of the maximum number of NR-PDCCH/PDSCH.
Proposal 4: For multiple NR-PDCCH reception, the number of HARQ processes increases linearly with the number of NR-PDCCH compared to that of the single NR-PDCCH 
Proposal 5: 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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