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Introduction
In RAN1 #88b Meeting [1], WG1 agreed on the followings for NR-PDCCH / NR-PDSCH Multi TRP transmission scenarios; 
· Support NR reception of at least one but no more than two of the following 
· Single NR-PDCCH corresponding to the same NR-PDSCH data layers from multiple TRPs within the same carrier
· Note that: this is intended to have spec impact
· Single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier
· Multiple NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier 
· In case of multiple NR-PDCCH, consider the following for the reduction of  UE PDCCH detection complexity. 
· Note the following may or may not have RAN1 specification impact. 
· Note that different NR-PDSCH data layers from single TRP is special case.
· The alignment of PDCCH generation rules among TRPs, e.g. one identical control resource set across TRPs
· Signalling the maximum number of multiple NR-PDCCH reception via L1 and/or high layer signalling
· Other techniques can be considered. 

In this contribution, we provide our views on features, design aspects, and requirements for each of the candidate transmission scenarios. 
Multi-TRP Transmission Scenarios
In this section, an overview of main design aspects and potential issues related to each agreed scenario candidate is provided. For the simplicity of discussion, a system with 2 TRP is assumed, however obviously the discussion can be extended to other cases as well.   
Scenario 1: Single NR-PDCCH and Single NR-PDSCH
Figure 1 shows an exemplary case of the first scenario where a single NR-PDCCH relates to the transmission of a same NR-PDSCH transmission from multiple TRPs of the same carrier. This case has strong similarities to the classic CoMP transmission. Given the depicted scenario, potential benefits and issues can be summarized in the following observations,

Observation set 1:
· The possibility of sending the same NR-PDSCH data layers from multiple TRPs can be very beneficial for cell-edge UEs. Furthermore, regardless of UE location in a cell, such mechanism could be crucial for URLLC UEs as well.
· Coordinating transmission of the same NR-PDSCH imposes strict requirements on the backhaul especially for delay sensitive use cases such as URLLC, hence certain considerations may be needed.
· Inter-TRP synchronization and inter-panel calibration errors could lead to additional performance degradations when performing transmission from multiple non-co-located panels and TRPs. 
· An aspect that may need to be clarified is whether the NR-PDSCH layers are to be sent on the same resources, or different parts of the band may be used by each TRP. 
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Scenario 2: Single NR-PDCCH and Different NR-PDSCH
Figure 2 demonstrates the second candidate where a single NR-PDCCH configures transmission of different NR-PDSCH data layers from multiple TRPs of the same carrier. This case also has some similarities to a CoMP transmission. Besides observations made for the first candidate scenario, additional remarks on potential benefits and issues can be made as follows,

Observation set 2:
· Despite transmission of multiple NR-PDSCH data layers, the complexity of UE blind search for DCI decoding remains similar to legacy systems since a UE has only to decode one NR-PDCCH. 
· Scheduling decisions are centrally coordinated at one gNB. Coordination between multiple TRPs can be optimized over a large network area by one TRP.
· Beam link failure at the primary coordinating TRP could affect transmission at all other TRPs since the UE receives control information from one TRP for all TRPs in the coordinating set. 
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Scenario 3: Multiple NR-PDCCH and Different NR-PDSCH
Figure 3 shows the third candidate scenario where multiple NR-PDCCH manage transmission of different NR-PDSCH data layers from multiple TRPs of the same carrier. This scenario may offer certain degress of freedom in operation of the entire system, however it may also result in additional complications. Based on the depicted candidate scenario, the following comments and observations can be concluded;
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Figure 3 Multiple NR-PDCCH and Different NR-PDSCH

Observation set 3:
· Multiple NR-PDCCH yields more scheduling flexibility at the TRPs. In the case of different NR-PDSCH data layers from multiple TRPs, each NR-PDCCH can carry different scheduling instructions for the UE without being affected by the non-ideal backhaul. There is less information that may need to be exchanged between cooperating TRPs over the backhaul. 
· Moreover, distributed scheduling provides diversity since beam link failure at one TRP only affects the resources managed by itself; transmissions at other TRPs can continue without interruption. This may be an importrant factor for URLLC applications. 
· Since a UE may need to perform blind detection on multiple receive NR-PDCCH, the effective size of the search space increases. Therefore, a UE may incur extra complexity as well as extra battery usage. 
· If no coordination in transmission of multiple NR-PDCCH is considered, the NR-PDCCHs sent from multiple TRPs collide resulting in performance degradation of the NR-PDCCH decoding.

Summary
In this contribution, we provide our views on the requirements, challenges and benefits of each candidate Mult-TP transmission scenarios that are captured in the following observations,
Observation set 1:
· The possibility of sending the same NR-PDSCH data layers from multiple TRPs can be very beneficial for cell-edge UEs. Furthermore, regardless of UE location in a cell, such mechanism could be crucial for URLLC UEs as well.
· Coordinating transmission of the same NR-PDSCH imposes strict requirements on the backhaul especially for delay sensitive use cases such as URLLC, hence certain considerations may be needed.
· Inter-TRP synchronization and inter-panel calibration errors could lead to additional performance degradations when performing transmission from multiple non-co-located panels and TRPs. 
· An aspect that may need to be clarified is whether the NR-PDSCH layers are to be sent on the same resources, or different parts of the band may be used by each TRP. 
Observation set 2:
· [bookmark: _GoBack]Despite transmission of multiple NR-PDSCH data layers, the complexity of UE blind search for DCI decoding remains similar to legacy systems since a UE has only to decode one NR-PDCCH. 
· Scheduling decisions are centrally coordinated at one gNB. Coordination between multiple TRPs can be optimized over a large network area by one TRP.
· Beam link failure at the primary coordinating TRP could affect transmission at all other TRPs since the UE receives control information from one TRP for all TRPs in the coordinating set. 
 
Observation set 3:
· Multiple NR-PDCCH yields more scheduling flexibility at the TRPs. In the case of different NR-PDSCH data layers from multiple TRPs, each NR-PDCCH can carry different scheduling instructions for the UE without being affected by the non-ideal backhaul. There is less information that may need to be exchanged between cooperating TRPs over the backhaul. 
· Moreover, distributed scheduling provides diversity since beam link failure at one TRP only affects the resources managed by itself; transmissions at other TRPs can continue without interruption. This may be an importrant factor for URLLC applications. 
· Since a UE may need to perform blind detection on multiple receive NR-PDCCH, the effective size of the search space increases. Therefore, a UE may incur extra complexity as well as extra battery usage. 
· If no coordination in transmission of multiple NR-PDCCH is considered, the NR-PDCCHs sent from multiple TRPs collide resulting in performance degradation of the NR-PDCCH decoding.


Proposal – Since the first scenario can be viewed as a special configuration of the second scenario, RAN1 should consider candidate scenarios 2 and 3 for NR reception.
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