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1. Introduction
In RAN1#89 meeting, the following agreements related to NR-PDCCH reception were achieved [1]:
· [bookmark: OLE_LINK16][bookmark: OLE_LINK18]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 RAN1 Adhoc#2 meeting, the following agreements related to the maximum number of NR-PDSCH and NR-PDCCH were achieved [2]:
· 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
Based on the above agreements, we share our views on multiple NR-PDCCHs based transmission and related detection complexity reduction.
2. [bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Multiple NR-PDCCH transmission
In RAN1 #89 meeting, multiple NR-PDCCHs each scheduling a respective NR-PDSCH are agreed. The main motivation of introduction of multiple NR-PDCCHs is to support independent scheduling on different spatial layers in NC-JT (Non-Coherent Joint-Transmission). According to [3], NR should support different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul. Therefore, multiple NR-PDCCH related issues should be considered under both ideal and non-ideal backhaul scenarios.
According to the agreement, in the multiple NR-PDCCH case, each scheduled NR-PDSCH is transmitted from a separate TRP. However, whether multiple NR-PDCCHs may be from a single TRP or multiple TRPs has not been determined. In the ideal backhaul scenario, or where the TRPs are controlled by the same gNB, signaling exchange between multiple TRPs is not a problem. Then for multiple NR-PDCCHs transmission, there is no big difference between transmission from one TRP or multiple TRPs. In the non-ideal backhaul scenario, multiple NR-PDCCHs transmission issues may be relevant for dependent/independent scheduling of multiple TRPs. Table 1 shows advantages and disadvantages of different combinations of NR-PDCCHs transmission and dependent/independent scheduling. In this table, “scheduling information” means information needed by the scheduler to make a scheduling decision for NR-PDSCH transmission. 
Table 1: Comparison of combinations of NR-PDCCHs transmission for scheduling NR-PDSCHs from multiple TRPs with non-ideal backhaul
	Combinations
	Advantage
	Disadvantage

	NR-PDCCHs from a single TRP & independent scheduling per TRP
	Resources of multiple NR-PDCCHs can be coordinated.
	Scheduling grant exchange is needed.

	NR-PDCCHs from a single TRP & dependent scheduling per TRP
	Resources of multiple NR-PDCCHs can be coordinated.
	Scheduling information and/or scheduling grant exchange are needed.

	NR-PDCCHs from multiple TRPs & independent scheduling per TRP
	Scheduling information and scheduling grant exchange are not needed.
	Resources of multiple NR-PDCCHs might be overlapped.

	NR-PDCCHs from multiple TRPs & dependent scheduling per TRP
	Scheduling grant exchange is not needed.
Resources of multiple NR-PDCCHs might be coordinated.
	Scheduling information exchange is needed.


It can be seen from Table 1, the combinations of NR-PDCCH transmission from multiple TRPs and independent scheduling is the only combination which does not have a requirement on signaling exchange. Then we have the following observation,
[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK19]Observation: In a non-ideal backhaul scenario with large latency, the combination of NR-PDCCH transmission from multiple TRPs and independent scheduling might be the only choice for multiple NR-PDCCHs transmission. 
Since NC-JT can be used in both ideal and non-ideal backhaul scenario, it is expected to design a unified NR-PDCCH transmission mechanism for both two scenarios. Therefore, we propose that the UE can assume that NR-PDCCH is always transmitted from the same TRP(s) as the corresponding scheduled NR-PDSCH.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Proposal 1: In multiple NR-PDCCHs case, the UE can assume that each NR-PDCCH is always transmitted together with the corresponding scheduled NR-PDSCH from the same TRP(s).
3. NR-PDCCH detection complexity reduction
In order to limit blind detection complexity of NR-PDCCH, there will be a maximum number of NR-PDCCHs/PDSCHs to be received by the UE, and this may be signaled to UEs. In order to further reduce detection complexity and not affect the performance of NC-JT scheme, other methods can also be considered. 
[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27]Before we consider reduction methods, we first want to discuss whether cooperating TRPs are transparent to UEs or not. Similar to JT or other schemes of CoMP, the use of a particular TRP (or TRPs) in the NC-JT scheme can be designed to be transparent to UEs. For example, cell IDs used in NR-PDSCHs and NR-PDCCHs can be replaced by high layer configured values, which may or may not correspond to different TRPs. Furthermore, RNTIs used by different TRPs can also be coordinated. However, with the introduction of multiple NR-PDCCHs and other new features of NR, it would take a large effort to keep the use cooperating TRPs fully transparent to UEs. Thus, we propose that cooperating TRPs can be non-transparent to UEs in the NR NC-JT scheme. TRP indices or cell IDs of cooperating TRPs can be informed to UEs by the serving cell when necessary. 
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Proposal 2: Cooperating TRPs can be non-transparent to UEs. TRP indices or cell IDs of cooperating TRPs can be informed to UEs by the serving cell.
When cooperating TRPs are non-transparent to UEs, some optimization work can be done to reduce NR-PDCCH blind detection complexity. Some restrictions can be applied to NR-PDCCHs from cooperating TRPs in the NC-JT scheme. For example, available DCI formats of cooperating TRPs may be only a subset of those for the single NR-PDCCH case. 
Proposal 3: In multiple NR-PDCCHs case, available DCI formats of cooperating TRPs can be restricted to reduce blind detection complexity.
4. Conclusions
In this contribution, we discuss multiple NR-PDCCHs transmission and related detection complexity reduction method in NC-JT scheme. Based on these discussions, we have the following observation and proposals:
Observation: In a non-ideal backhaul scenario with large latency, the combination of NR-PDCCH transmission from multiple TRPs and independent scheduling might be the only choice for multiple NR-PDCCHs transmission.
Proposal 1: In multiple NR-PDCCHs case, the UE can assume that each NR-PDCCH is always transmitted together with the corresponding scheduled NR-PDSCH from the same TRP(s).
Proposal 2: Cooperating TRPs can be non-transparent to UEs. TRP indices or cell IDs of cooperating TRPs can be informed to UEs by the serving cell.
Proposal 3: In multiple NR-PDCCHs case, available DCI formats of cooperating TRPs can be restricted to reduce blind detection complexity.
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