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Introduction
In RAN1 #90 Meeting [1], WG1 agreed on the followings for NR-PDCCH / NR-PDSCH Multi TRP transmission scenarios; 
· 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 signalling and PDSCH
· Note: this topic is more suitable for discussion under scheduling/HARQ session

This contribution is a revised version of an earlier contribution (R1-1714138) prepared for RAN1 #90 [1]. In this contribution, we provide our views on NR-PDCCH design for multiple TRP operation. 
Multi-TRP Transmission With Single NR-PDCCH
In a multi-TRP downlink transmission, as shown in Figure 1, a UE is served by more than one TRP. In this example, there are two geographically separated TRPs, where each is sending different layers of the same NR-PDSCH towards the same UE during the same TTI. As agreed during RAN1 #89 [2], the NR-PDCCH is sent only from the P-TRP to control resource allocations on both the P-TRP and S-TRP. 
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Figure 1 Multi-TRP transmission with single NR-PDCCH and NR-PDSCH

With a single NR-PDCCH scheduling both P-TRP and S-TRP, the S-TRP can be said to be cross scheduled by the P-TRP since the P-TRP is assigning resources for the P-TRP and S-TRP. The UE can be semi-statically informed that the multiple TRPs are operating under the single NR-PDCCH assumption. This could be accomplished during RRC configuration when the UE is attached to the S-TRP. Alternatively, the network can consider a dynamic signaling to indicate to the UE that it is enabling or disabling cross scheduling by including a cross TRP indicator. 

Proposal 1 – The DCI includes a cross TRP scheduling indicator.  

P-TRP and S-TRP can choose to schedule their transmissions either on the same set of overlapping resources or on different resources. The DCI with the cross TRP scheduling indicator would be sufficient if P-TRP and S-TRP use the same resource assignments; however, due to their physical separation, P-TRP and S-TRP experience different channel conditions on their links with the UE. Hence, each TRP chooses to optimize its scheduling decisions depending on the feedback received from the UE or on other restrictions. For example, the resource assignment for each link can vary due to the frequency selectivity of the channel. Also, certain RBs could be reserved at one TRP for a traffic type with higher priority (e.g. ultra reliable low latency) to another UE. Moreover, the P-TRP and S-TRP can configure the UE to use different bandwidth parts. And lastly, with CBG based HARQ, different TRPs could transmit different CBGs and the subsequent retransmission scheduling decisions may not be the same.

The above described scenarios supports the case for using different resource allocations between P-TRP and S-TRP, and also the need for dynamic signaling through a DCI. 

Proposal 2 – Layers sent on different TRPs may be scheduled on different resources.

Upon blind decoding the DCI, the UE does not know to which TRP its contents correspond to. With a single TRP, the UE clearly knows that the DCI’s content corresponds to the P-TRP NR-PDSCH transmission. However, with a S-TRP involved, an additional signaling information is needed to relate resource assignments to the corresponding TRP. This could be accomplished with a single extended DCI with the cross TRP scheduling indicator, and the resource assignments for multiple TRPs. Alternatively, there may be one DCI per TRP with the corresponding resource assignments and an additional field which identifies the TRP index in the case of multi-TRP transmission. 

Proposal 3 – The DCI includes the TRP index.  

In the current framework, the DCI is sent on CCEs located in the NR-PDCCH. The NR-PDCCH contains for each UE a set of potential locations to be monitored. The set of CCEs monitored by a UE are UE specifically allocated according to a search space mapping function similar to the definition in [3].  

In the case where each UE-TRP link can be considered independent from the others, each link may need its own DCI. With a single NR-PDCCH available, the DCIs from P-TRP and S-TRP are sent on the single control region available in the P-TRP’s NR-PDCCH; however, the search space locations for one TRP must avoid overlapping with another TRP. Therefore, the search space in the control region needs to be defined by the index of the TRP such that the DCIs can be allocated on different CCEs.   

Proposal 4 – The TRP index determines the search space starting location. 

NR-PDCCH and NR-PDSCH association

There has been some discussion on whether the transmission of an NR-PDCCH and its associated NR-PDSCH should be restricted to the same TRP. In the following, we discuss some use cases where it would be beneficial to decouple them.

For example, the P-TRP downlink data resources might be completely allocated, while there may still be control resources available. On the other hand, the S-TRP may not be as overloaded as the P-TRP, and downlink data resources might be available. Then, the P-TRP could use its available resources to transmit the NR-PDCCH with the DCI containing scheduling details while the S-TRP transmits the NR-PDSCH. This would apply to the case with single or multiple NR-PDSCHs. 

[bookmark: _GoBack]Regarding the case with multiple NR-PDSCHs scheduled by multiple NR-PDCCHs, there are additional benefits that can be achieved with respect to interference. Interference on the control channel elements can be reduced by transmitting multiple NR-PDCCHs from the same TRP. Collisions from multiple NR-PDCCH transmissions can thus be avoided and improve the reliability of the control channel reception. 

Moreover, since some UEs may have multi-panel capability, the panels can be used to point in different directions for better reception. Therefore, decoupling NR-PDCCH and NR-PDSCH allows for more flexibility in the network to better manage its resources and balance the load adequately. 

In addition, a similar case where the DL and UL are decoupled needs to be considered as well. In this scenario, the NR-PDCCH is transmitted from the P-TRP while the UE’s NR-PUSCH is transmitted to the S-TRP. The NR-PDCCH may be decoupled from the NR-PUSCH to allow the P-TRP to send control information on the downlink related to the UE’s transmission to the S-TRP on the uplink. The control information could be resource assignments, power control commands or other control elements related to the UE’s uplink transmission.

Proposal 5 – NR-PDCCH and NR-PDSCH may be transmitted from different TRPs.  

Conclusion
In this contribution, we presented our views on multi-TRP downlink transmission with single NR-PDCCH. It is shown that additional changes are needed to the control channel. 

Proposal 1 – The DCI includes a cross TRP scheduling indicator.  
Proposal 2 – Layers sent on different TRPs may be scheduled on different resources.
Proposal 3 – The DCI includes the TRP index.  
Proposal 4 – The TRP index determines the search space starting location. 
Proposal 5 – NR-PDCCH and NR-PDSCH may be transmitted from different TRPs.  
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