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1. Introduction
[bookmark: _Hlk521410680]Multi-TRP discussion was down prioritized during Rel-15 standardization to allow sufficient time allocation for other MIMO related topics. In the last three WG1 Meetings #89, AH1702 and #90 [1-3], RAN1 continued the discussion and the following fundamental agreements on the framework of Multi-TRP transmission were reached.
	· Adopt the following for NR reception:
· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 
· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner
· Note: CSI feedback details for the above case can be discussed separately
· For the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, NR supports:
· The maximum supported number of NR-PDCCHs/PDSCHs is either 2 or 3 or 4
· To be decided next meeting
· FFS signaling (explicit or implicit) of the maximum number of NR-PDCCHs/PDSCHs for a UE, including the case of signaling a single NR-PDCCH/PDSCH. 
· 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
· 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




[bookmark: _Hlk525743293]In this contribution, we provide an outline of our perspectives on Multi-TRP related to URLLC transmission, and highlight some related aspects.
2. Overview of Multi-TRP Transmission
In NR, Multi-TRP (MTRP) operation is supported with the initial focus on downlink transmission. It is expected that an NR UE would be able to receive and process multiple NR-PDCCH and NR-PDSCH. Figure 1 shows two main scenarios of downlink MTRP operations where P-TRP and S-TRP refer to Primary and Secondary TRPs, respectively.  In the first scenario, a single NR-PDCCH schedules a single NR-PDSCH where separate layers are transmitted from separate TRPs. In the second scenario, multiple NR-PDCCHs each schedule a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP. The current focus of NR is to support a maximum number of 2 NR-PDSCHs per component carrier basis in case of one bandwidth part, and a maximum number of 2 NR-PDCCHs corresponding in a single slot. 
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Scenario 1												 Scenario 2
Figure 1 IDMA transmitter Processing
The main benefit of Scenario 1 is in that despite transmission of multiple NR-PDSCH data layers, the complexity of UE blind search for DCI decoding remains similar to the legacy systems since a UE has only to decode one NR-PDCCH. However, scheduling decisions are centrally coordinated at one gNB requiring some coordination between multiple TRPs. Also, 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. 
In Scenario 2, having multiple NR-PDCCH yields more scheduling flexibility at the TRPs. Each NR-PDCCH can carry different scheduling instructions for the UE without being affected by the non-ideal backhaul. Therefore, there is less information that may need to be exchanged between cooperating TRPs over backhaul. Also, a distributed scheduling provides diversity since beam link failure at one TRP only affects its resources; and transmissions at other TRPs can continue without interruption. This may be an important factor for URLLC applications. On the other hand, since a UE may need to perform blind detection on multiple receive NR-PDCCH, the effective size of the search space may increase. Coordination remains an important aspect of operation to prevent collision of transmitted NR-PDCCH from MTRPs. 

3. Reliability and Robustness
The expected scope of enhancements on multi-TRP/panel transmission includes improved reliability and robustness with both ideal and non-ideal backhaul. Based on the configurations presented in Figure 1, such enhancement pertains to downlink/uplink control signalling as well as downlink PDSCH transmission schemes.
As per RAN plenary decision [4], any URLLC improvement related to spatial transmission shall be discussed under Multi-TRP discussion. There are different dimensions influencing design and realization of a URLLC that include limited transmit power and interference. Despite observed gain through powerful coding, the most effective way to ensure a high level of transmission reliability is through diversity that can be realized in different ways.
Proposal 1: RAN1 considers studying diversity-based transmission techniques for Multi-TRP transmission.
The diversity transmission is often considered at the radio level. However we could also consider solutions based on the combination of baseband and radio link. For example, in either scenario shown in Figure 1, TRP transmissions can be set up to enable independently decoding of NR-PDSCH1 and NR-PDSCH2, while providing a level of diversity in decoding through superposition modulation and network coding. As such, in case of a decoding failure of a link, the other link can assist recovery of the failed transmission.
Proposal 2: RAN1 considers further studies on the application of network coding for high reliable transmission. 

4. Conclusions
In this contribution, we provide an outline of our perspectives on Multi-TRP related to URLLC transmission, and highlight some related aspects. Based on the discussion, the following proposals are made: 
Proposal 1: RAN1 considers studying diversity-based transmission techniques for Multi-TRP transmission.
Proposal 2: RAN1 considers further studies on the application of network coding for high reliable transmission. 
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