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Introduction
In RAN1#90, multiple NR-PDCCH and NR-PDSCH transmission was agreed. In this paper, we provide our view on the PUCCH design for multi-TRP reception. 

Multi-TRP transmission scenario and architecture
A key different between LTE CoMP and NR multi-TRP transmission is the support of non-ideal backhaul deployment case. When the backhaul is of large latency, dynamic coordination is almost impossible, in another words, multi-TRP transmission must operate with none or semi-static coordination between TRPs. 
LTE considered similar scenario where two TRP with non-ideal backhaul are deployed with different CCs. The outcome is dual-connectivity which allows UE maintains connections with two non-co-located eNBs simultaneously. Considering the large latency on the backhaul links, L1 feedback in dual connectivity was designed to feedback to each eNB separately, e.g. ACK/NAK feedback on PUCCH can be transmitted to each eNB separately corresponding to the PDSCH scheduled. The following summarized the two PDCCH/PDSCH operations:
1. UE should keep time/frequency tracking on at least two TRPs (tracking two CSI-RSs)
2. UE should be able to monitor the NR-PDCCH from two TRPs.(CORESET QCLed to CSI-RS of different TRP)
3. UE should be able to decode NR-PDCCH and PDSCH from two TRPs simultaneously. 
a. Potentially, UE should be able to cancel the interference between NR-PDSCH from different TRPs (when the transmission from multiple TRPs overlapped)
4. UE should be able to directly feedback ACK/NAK to the TRP scheduled the corresponding PDSCH. 

Multi-TRP PUCCH reception
Considering the non-ideal-backhaul deployment scenario, it is important to enable the ACK/NAK feedback to be received by the TRP transmitting the PDSCH separately. For UE received two PDSCHs simultaneously, two ACK/NAK must be transmitted each toward to different TRP. There are two options to achieve that: 
1. Separate PUCCH transmission: UE transmit two PUCCHs, each towards different TRP. 
2. Joint PUCCH transmission: UE multiplex ACK/NAK of two PDSCHs and send one PUCCH target to be received by both TRPs. 

While option-1 is clearly the simplest scheme due to independent operation thread for each TRP. It also requires simultaneous two PUCCH transmission which imposes some challenging’s to UE RF implementation. On the other hand, option-2 requires special support since one PUCCH received by multiple TRP requires some supports such as power control and beam management (Note: ACK/NAK multiplexing is anyway needed to support single TRP two codewords transmission). Meanwhile, it means no additional UE requirement since it is single PUCCH transmission. We propose to support both options 
Proposal-1: Support the following two configurations for PUCCH transmission
1. UEs, in multi-TRP transmission mode, can be configured with multiple PUCCHs where each PUCCH is corresponding to one TRP with independent procedure for PUCCH transmission. 
2. UEs, in multi-TRP transmission mode, can be configured with one PUCCH to feedback the ACK/NAKs for the PDSCHs from two TRPs. FFS the related PUCCH procedure should consider the reception of two TRPs. 

In order to enable one PUCCH transmission to be received by two TRPs, some enhancement on the PUCCH procedure is needed, e.g. PUCCH power control should target to partially compensate the pathloss from the worse TRP. Similarly, the beam selection for PUCCH should target to facilitate the reception at both TRPs. 
Proposal-2: PUCCH power control can be configured to compensate the pathloss of both TRPs.  
Proposal-3: Beam management procedure should target to select a common Tx beam for PUCCH transmission which can be received by two TRPs.


Conclusion
In this paper, we give our view on the multiple TRP transmission design for NR-PDCCH. We propose the following:  
Proposal-1: Support the following two configurations for PUCCH transmission
1. UEs, in multi-TRP transmission mode, can be configured with multiple PUCCHs where each PUCCH is corresponding to one TRP with independent procedure for PUCCH transmission. 
2. UEs, in multi-TRP transmission mode, can be configured with one PUCCH to feedback the ACK/NAKs for the PDSCHs from two TRPs. FFS the related PUCCH procedure should consider the reception of two TRPs. 
Proposal-2: PUCCH power control can be configured to compensate the pathloss of both TRPs.  
Proposal-3: Beam management procedure should target to select a Tx beam for PUCCH transmission which can be received by two TRPs.
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