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1. Introduction

  For multi-TRP and Multi-panel transmission, there are some agreements on previous meetings [1-3]:

Agreements:

· 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

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 on this topic

Agreements:
· 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

In this contribution, we discuss multi-TRP DL transmission from the aspect of ideal and non-ideal backhaul link. 
2. Multi-TRP DL transmission with backhaul link consideration
Multi-TRP transmission is to provide increased throughput for users covered by different TRPs and greater radio link reliability through dual connectivity-like operation. Currently, it is agreed that the maximum supported number of unicast and dynamically scheduled NR-PDSCHs for a UE simultaneous reception is 2, and also the maximum supported number of NR-PDCCHs corresponding to the scheduled NR-PDSCHs in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier. The data transmission from different TRPs may come from different layers of single NR-PDSCH or come from different NR-PDSCH. Considering that the backhaul link between TRPs may be ideal or non-ideal, different transmission methods may be applied to achieve multi-TRP transmission.

· If the backhaul link between TRPs is ideal, it means TRPs are able to perform timely coordination and some data/information exchange. The gNB can transmit single NR-PDCCH to schedule single NR-PDSCH where separate layers are transmitted from separate TRPs. The separate layers of the single NR-PDSCH from different TRPs can be separately associated to different DMRS port groups (DPG) [4-6]. Since the backhaul link is ideal, the DPG scheduling can be dynamically coordinated depending on the data packet and channel condition of each TRP. Also, the amount of used transmission layers of the single NR-PDSCH can be well-controlled without exceeding maximum allowable layers of the UE capability. 
As for HARQ-ACK feedback, since channel conditions to each TRP are different, it is quite natural to have separate HARQ-ACK feedbacks for transmission layers of respective DPGs. Then, each TRP can acquire the reception feedback to schedule following new transmission or retransmission. Another possible way is to set the transmission layers of one DPG as belonging to one codeword. The separate transmission layers from separate TRPs will be linked to separate codewords. Thus, the HARQ-ACK feedback generation can directly follow the legacy way as LTE. Moreover, it is possible to deliver separate HARQ-ACK feedbacks corresponding to two-TRP transmissions in one NR-PUCCH. Then, the HARQ-ACK feedback can be exchanged just via ideal backhaul link. 
The multi-TRP transmission also supports multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP. In this case, the concept of DMRS port groups may not be needed since single NR-PDCCH only schedules date transmission from single TRP. In one slot, the amount of used transmission layers of two NR-PDSCHs can be well-controlled without exceeding maximum allowable layers of the UE capability because of timely coordination via ideal backhaul link. Considering the layer/codeword restriction and HARQ feedback overhead, each NR-PDSCH may be allowed to include only one codeword in case that multi-TRP transmission occurs in the slot. Naturally, separate HARQ-ACK feedbacks can be generated and associated to separate TRP data transmissions, i.e. separate NR-PDSCHs. It may be considered to multiplex the separate HARQ-ACK feedbacks in one NR-PUCCH, considering that bundling is not appropriate to apply on these separate HARQ-ACK feedbacks. Alternatively, it may be considered to transmit separate HARQ-ACK feedbacks in two separate NR-PUCCHs directly transmitted to separate TRPs. How to perform two NR-PUCCH transmissions in one slot may be further studied.   
· If the backhaul link between TRPs is non-ideal, it means that TRPs cannot be able to perform timely coordination and data/information exchange. One TRP may even not know whether there is transmission for the UE from another TRP. Thus, multi-TRP transmission may only support multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP. Furthermore, each NR-PDSCH may be possibly restricted to include only one codeword since multi-TRP transmission may or may not occur in the same slot. Besides, some semi-static allocation may be required. For instance, the maximum allowable layers of the UE capability may be partitioned for separate TRPs semi-statically. As for HARQ-ACK feedback, since the delivery latency via inter-TRP exchange may be longer than RTT, it may be considered for UE to transmit separate HARQ-ACK feedbacks in separate NR-PUCCHs directly transmitted to separate TRPs. How to perform two NR-PUCCH transmissions in one slot may be further studied. Also, there may be some potential power allocation issues due to non-ideal backhaul.
Based on above discussion, it can be observed that DMRS port groups is a good approach for supporting single NR-PDSCH with separate layers transmitted from separate TRPs, though single NR-PDSCH for multi-TRP transmission may not be applied for the case of non-ideal backhaul. Moreover, the transmission layers from single TRP may belong to single codeword no matter multi-TRP transmission is through one NR-PDSCH with separate layers or through separate NR-PDSCHs. Then, HARQ-ACK feedback can be separately generated to reflect the UE reception condition for each TRP transmission. How to deliver the HARQ-ACK feedback may be further studied considering possible two NR-PUCCH transmissions
3. Conclusion

In this contribution, we discuss multi-TRP DL transmission from the aspect of ideal and non-ideal backhaul link and have the following proposals:
Proposal 1: Separate layers of single NR-PDSCH from different TRPs can be separately associated to different DMRS port groups (DPG).

Proposal 2: The transmission layers from single TRP belong to single codeword no matter multi-TRP transmission is through one NR-PDSCH with separate layers or through separate NR-PDSCHs.
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