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1 Introduction
In TR 38.802 [1], the following agreements were captured for NR coordinated transmission schemes: 

NR supports downlink transmission of the same NR-PDSCH data stream(s) from multiple TRPs at least with ideal backhaul, and different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul. Note that the case of supporting the same NR-PDSCH data stream(s) may or may not have spec impact.
Moreover, at RAN1 NR Ad Hoc meeting, the following agreements were achieved [2]

· Study how to perform resource scheduling especially with respect to whether to use one or more NR-PDCCH for a UE 

· Consider, e.g., backhaul conditions, UE complexity, feasibility of NR-PDCCH demodulation if from multiple TRPs, NR-PDCCH overhead, performance, etc.

· 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
In this contribution, we provide our views on the specifications of multiple NR-PDCCHs reception for NR. 
2 Discussion 
An outcome of the SI is that a UE can be configured to monitor NR-PDCCH on multiple beam pair links (BPLs) for robustness against beam pair link blocking. In this section, the motivations and specification implications of the reception of multiple NR-PDCCH on such BPLs simultaneously or different BPL(s) in different NR-PDCCH OFDM symbols are discussed.  
In NR SI, the feasibility and benefits of supporting different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul in NR have been demonstrated and documented in the TR. However, it is also understood that with non-ideal backhaul (NIB) links, performance loss is inevitable due to CSI ageing resulting in poor link adaptation and delay from scheduling decision/data exchanges resulting in challenges to satisfy the QoS delay requirement in a certain case. In such events, independent scheduling at each TRP of the cooperating TRPs without sharing those information, is attractive or maybe the only viable option.  To enable such independent scheduling within the same carrier, control information corresponding to a NR-PDSCH should be sent from each TRP independently. This requires the reception of multiple NR-PDCCH corresponding to multiple NR-PDSCH at a UE. 

In the following, the support of multiple NR-PDCCH is analyzed:

· Backhaul conditions: Backhaul capacity and delay affect the performance through CSI/CQI feedback aging, resulting in poor link adaptation. Moreover, they can have impact on achieving QoS delay requirement. Those backhaul conditions have less or no impact on independent scheduling, requiring multiple NR-PDCCHs since there is no dynamic information sharing between TRPs.  
· UE complexity, e.g. NR-PDCCH processing: The number of blind detections scales linearly with the number of NR-PDCCH. 
· One way to reduce the number of blind detections is to signal the maximal number of multiple NR-PDCCH to a UE by L3/L2 signaling. The blind detection can be terminated when such number of NR-PDCCH is achieved. 
· Furthermore, a subset of aggregation levels can be configured per NR-PDCCH for a UE. 
· Also, note that linearly increased number of blind detections has already been supported in LTE for carrier aggregation.

· Feasibility of multiple NR-PDCCHs demodulation from multiple TRPs: Different performance improvement techniques such as beam-forming, ICIC-type techniques (between TRPs in the same or different NR cell(s)) and link adaptation by means of using different aggregation levels can be used. 
· DMRS-based demodulation can provide beamforming gain. 
· In low traffic load scenarios, a significant benefit of coordination can be achieved. In such cases, the resource of NR-PDCCH transmission is not as scarce. To reduce the interference of multiple NR-PDCCHs to each other, the NR-PDCCH for one TRP may not be transmitted at the resource of NR-PDCCH transmitted from the other TRPs. Moreover, TRPs can apply DL power control and ICIC-type techniques to improve the quality of multiple NR-PDCCH demodulation. That is each TRP increases the power in the UE NR-PDCCH resource from itself, and reduces the power in resources for the neighboring TRPs. These require only long-term coordination between TRPs.
· Higher aggregation levels can be used to demodulate multiple NR-PDCCH from multiple TRPs. Moreover, this reduces UE complexity because only a subset of aggregation levels is considered.
· Combination of the above techniques can also be used.    

· To show the feasibility of multiple NR-PDCCH demodulation from multiple TRPs, Figure 1 shows the percentage of UEs that can demodulate NR-PDCCH from each of the 3 strongest TRPs. The demodulation is achieved if the receiving SINR at a UE is greater than a given SINR threshold. No interference cancellation from other TPRs is assumed and Dense Urban scenario is considered. The results show that for -6 dB threshold of SINR, 36% of UEs can demodulate 2 NR-PDCCH from the 2 strongest TRPs. If the threshold of SINR is -9 dB (achieved by higher aggregation level than that of -6 dB), 57% and 19% of UEs can demodulate 2 and 3 NR-PDCCH, respectively. The techniques mentioned above can also be used to improve further the multiple NR-PDCCH demodulation performance. 
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Figure 1: Percentage of users that can demodulate NR-PDCCH from each of the 3 strongest TRPs for a given SINR threshold
· NR-PDCCH overhead: Overhead increases linearly with the number of NR-PDCCH.  The benefit of NC-JT with non-ideal backhaul using independent scheduling can offset such overhead increase, especially if ideal backhaul is not an option. Therefore, it is up to the NW to balance the overhead of NR-PDCCH and corresponding NR-PDSCH performance gain. 

· Performance: The demodulation performance of multiple NR-PDCCH can be improved using DM-RS based beamforming, DL power control, ICIC-type techniques, different aggregation levels, or any of their combinations. Moreover, the system performance improvement in terms of user throughput has been shown and captured in the TR using coordinated schemes enabled by multiple NR-PDDCH.  
· Unified DCI size/format: With multiple NR-PDCCH, unified DCI formats with the same payload sizes could be easily achieved for both single and multiple TPRs/panels transmission since each of the multiple NR-PDCCH conveys control information for a single TRP. 
Some aspects identified in [3] that have not been discussed above, are also addressed here. 

· Uplink power control for concurrent UCI transmission: For power-limited cell-edge UEs, it is possible to transmit multiple UCIs in TDM fashion at symbol-level. 

· Simultaneous DL and UL transmissions for the UE in TDD: Long-term coordination between TRPs to avoid simultaneous DL and UL transmissions for a UE in TDD can be done.   

· Maximum number of MIMO layers across TRPs: Each TRP can schedule a UE with a MCS and layer numbers that the UE may decode assuming other TRPs as interferences. If another TRP treated as the interference before turns out to be useful to the UE within certain SINR region, then original MCS and transmitted MIMO layers from that TRP should still be valid assuming all other TRPs as interferences. 

· CSI processing: TRPs can have a long-term coordination or define dropping rules of CSI processing by specification on aperiodic CSI requests to avoid that a UE needs to process the requests at the same time. 
3 Conclusions 

In this contribution, we have further highlighted the benefits of multiple PDCCHs reception and addressed the different aspects. Based on the above considerations, we propose the following:  
Proposal: Introduce the following specification for the reception of multiple NR-PDCCH within the same carrier
· The reception of multiple NR-PDCCH on K≥1 beam pair links simultaneously or different beam pair link(s) in different NR-PDCCH OFDM symbols
· FFS: K≥1 Maximum value of K
· Signaling  the maximum number of multiple NR-PDCCH reception via L3/L2 signaling
· DCI formats with corresponding payload sizes for each of multiple NR-PDCCH can be the same as those designed for single TRP MIMO transmission 
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