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1. Introduction

In [1], views on control channel design, number of layers and CWs, as well as transmission scheme design for multi-TRP and multi-panel transmission were summarized. Based on the summary and discussion thereafter, the following agreements have been reached in the last meeting [2]:
 SHAPE  \* MERGEFORMAT 



Based on the agreements listed above, we present our consideration on multi-TRP and multi-panel based transmissions.
2. Discussion on multi-TRP and multi-panel transmission
Considering practical factors with respect to flexibility, control/feedback overhead, complexity and performance, up to 2 codewords would be reasonable for single PUSCH/PDSCH. However, for the TRP with multiple independent panels or multi-TRP based transmission, as lower correlation among them is expected, differences in channel qualities between the codewords transmitted through different panels/TRPs could be more significant. Therefore, codeword-level interference cancellation is likely to achieve observable gain. 
If up to 2 codewords can be used for each NR-PDSCH, the total number of codewords for a single UE could exceed UE capability. Therefore, for reception of multiple NR-PDCCHs/PDSCHs, besides the maximum supported number of NR-PDCCHs/PDSCHs, the total number of codewords should be restricted as well considering the UE decoding complexity and latency. 

Proposal 1: The total number of codewords in multi-TRP/panel transmission should be specified in multi-TRP and multi-panel transmission.
As mentioned above, the following mechanisms are supported for multi-TRP/panel transmission:

· 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

Based on the agreements, the transmission of NR-PDSCH(s) over multi-TRP/panel and the correspondence of NR-PDCCH and NR-PDSCH in such cases are straightforward. However, the transmission schemes for NR-PDCCH are still open. 
Regarding this issue, the following approaches could be considered:
· Case 1: single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Alt 1: joint transmission over multiple TRPs/panels
· If the CSI-RS ports transmitted from a set of panel groups can be assumed to be QCL with respect to parameters such as average gain, delay spread, average delay, Doppler spread and Doppler shift, the NR-PDCCH can be mapped onto those panels based on one transparent DMRS port.
· However, if the assumption on QCL-ed CSI-RS ports doesn’t hold, joint transmission in such a way could raise problem of QCL. As a single DMRS port is used by weighting more than one groups of panels involved in joint transmission, while different set of non-QCL-ed CSI-RS ports are independently transmitted from each group of panels, it would be problematic to establish the QCL relationship between the DMRS port and a certain set of CSI-RS ports.

· Alt 2: independent transmission

· The QCL establishment issue can be addressed by choosing one group of panels, on which CSI-RS ports are assumed to be QCL-ed with respect to parameters such as average gain, delay spread, average delay, Doppler spread, and Doppler shift.
· It’s noted that, as possibly only a portion of PAs can be used, one potential problem with Alt-2 is the low power utilization and its consequent impact on coverage.  

· Case 2: multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP
· Alt 1: joint transmission over multiple TRPs/panels
· Each NR-PDCCH is transmitted from multiple TRPs/panels jointly
· Possible QCL issue similar to Alt 1 of Case 1

· Alt 2: independent transmission

· Each NR-PDCCH is transmitted from the same TRP as the corresponding NR-PDSCH
· Case 3: single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner
· Similar to case 1
Proposal 2: Issues such as QCL and power utilization, etc., need to be considered in NR-PDCCH transmission scheme design for multi-panel/TRP.
3. Conclusions

In this contribution, we present our views on multi-TRP and multi-panel transmission. The following proposals were made based on the discussion above: 
Proposal 1: The total number of codewords in multi-panel/TRP transmission should be specified in multi-TRP and multi-panel transmission.
Proposal 2: Issues such as QCL and power utilization, etc., need to be considered in NR-PDCCH transmission scheme design for multi-panel/TRP.
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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:


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








