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Introduction
In RAN1#89, it was agreed to support multiple TRPs joint transmission on the NR-PDCCH. And in RAN1 NR#2 Adhoc, further progress on multi-TRP transmission has been made, see below. In this paper, we provide our view on the details of multi-TRP multi-beam operation on NR-PDCCH transmission. 
Agreements:
· 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

Agreements:
· Send LS to RAN2 (cc RAN3) to inform about RAN1 agreement from RAN1#89 on the support of multiple PDSCHs transmission to the UE to support NC-JT operation
· Include in the LS the following content 
· RAN1 agreement from RAN1#89
· RAN1 is considering different scenarios including TRPs connected with ideal and non-ideal backhaul link, TRPs with same and different cell IDs, etc. to provide an increased throughput for users covered by different TRPs, and greater radio link reliability through dual connectivity-like operation
· RAN1 thinks that the above agreement may have impact on RAN2 specification
Actions: RAN1 asks RAN2 to take into account the above agreement in RAN2’s work and provide any information that may be relevant for future RAN1’s work

NR-PDCCH receptions from multi-TRP
Dual-connectivity is a LTE term where a UE maintains connections with two non-co-located eNBs simultaneously. The same concept is supported per RAN1#89 agreement above. As illustrated in Fig.1, TP1 and TP2 send NR-PDCCH to the UE to schedule PDSCH separately. Effectively, UE needs to receive two NR-PDCCH and two NR-PDSCH/PUSCH. Each pair of PDCCH/PDSCH/PUSCH is from one TP with different QCL information. 
There are several key aspects in this scenario: 
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. 
3. UE should be able to decode NR-PDSCH (if scheduled by NR-PDCCH) from two TRPs. 
4. Potentially, UE should be able to cancel the interference between NR-PDSCH from different TRPs (when the transmission from multiple TRPs overlapped)
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Figure 1 Dual DCI based NC-JT

Support PDCCH BD specific QCL assumption
An important technical enabler for multi DCI based NC-JT is to enable UE to receive PDCCH from different TRP or different beam. Note here different TRP or different beam are similar conceptually since both will result in different QCL assumption in spatial domain while different TRP may additionally result in different QCL assumption in time/frequency domain. Considering that time/frequency tracking is based on UE specific configured TRS which is similar to CSI-RS anyway, we propose to design common framework to support both multi-TRP and multi-beam operation on NR-PDCCH reception. 
Proposal-1: Support a common QCL framework to support multi-TRP and multi-beam operation for NR-PDCCH reception.
The main difference between beam or TRP is the QCL assumption difference. The rest of the NR-PDCCH configuration can be the same. The QCL assumption of different PDCCH implies which beam or which TRP the PDCCH associate to. UE needs to be configured with right QCL assumption between the DMRS of NR-PDCCH and RS from different TRPs/beams (could be SS-blocks/CSI-RS/TRS). From spatial domain QCL point of view, it has been agreed that SS-block can be QCLed with CSI-RS. Meanwhile, the PDCCH should work without RRC connection, thus PDCCH should be QCLed with SS-blocks as well. Therefore we propose that for each CORESET configuration for PDCCH, UE can be configured with the QCL assumption between PDCCH DMRS and CSI-RS or SS-block. 
For connected mode UE, the DMRS of different BD in a PDCCH COSET can be configured to be QCLed to a CSI-RS resource in spatial domain and different TRS (if agreed as different from CSI-RS) in frequency/time domain. 
For idle mode UE, the DMRS of BD shall be assumed with QCLed with selected SS-blocks. 
Proposal-2: the DMRS of each PDCCH CORESET can be configured QCLed with a different CSI-RS resource. (or SS-block)
Proposal-3: if not configured, the DMRS of all PDCCH CORESETs shall be assumed QCLed with a default SS-blocks selected during initial access procedure. 
In previous meeting, it was agreed that the maximally two NR-PDSCHs (unicast and dynamically scheduled) can be expected to simultaneously receive by a UE. Meanwhile, it is needed to discuss the maximal number of NR-PDCCH can be expected received by a UE. Note this is different from how many NR-PDCCH UE can simultaneously receive. For example, UE can be configured to monitor PDCCH QCLed with different TRP in TDM manner. Essentially, this capability is directly related to how many QCL assumption a UE can maintain at the same time. And it should be a UE capability. 
Proposal-4: RAN1 should further discuss the maximal number of QCL assumptions as a UE capability. From signalling point of view, maximal 4 QCL assumption can be configured to an UE. 


Conclusion
In this paper, we give our view on the multiple TRP transmission design for NR-PDCCH. We propose the following:  

Proposal-1: Support a common QCL framework to support multi-TRP and multi-beam operation for NR-PDCCH reception.
Proposal-2: the DMRS of each PDCCH CORESET can be configured QCLed with a different CSI-RS resource. (or SS-block)
Proposal-3: if not configured, the DMRS of all PDCCH CORESETs shall be assumed QCLed with a default SS-blocks selected during initial access procedure. 
Proposal-4: RAN1 should further discuss the maximal number of QCL assumptions as a UE capability. From signalling point of view, maximal 4 QCL assumption can be configured to an UE. 
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