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1 Introduction
In NR Rel-15, the following agreements were achieved in WG1 meeting during Rel-15 which were not further discussed due to time limitation: 

· NR supports downlink transmission of the same NR-PDSCH data stream(s) from multiple TRPs at least with ideal backhaul, and different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul [1]
· Adopt the following for NR reception [2]:

· 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
The WID for NR MIMO enhancements in Rel-16 was approved in RAN #80 meeting [3] and was further revised in RAN#81 [4], including the following objectives to enhance multi-TRP/panel transmission with both ideal and non-ideal backhaul: 

· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:

· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission

· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission

· Multi-TRP techniques for URLLC requirements are included in this WI.
Multiple PDCCHs based multi-TRP/panel transmission is discussed in [5]. In this contribution, we focus on single PDCCH based multi-TRP/panel transmission and provide our views on single PDCCH design, which contains CW to layer mapping, QCL enhancement,  DMRS port indication and Rate matching indication.
2 Single PDCCH based multi-TRP/Panel transmission with ideal backhaul
The introduction of single DCI based multi-TRP transmission was agreed in WG1 meeting during Rel-15 timeframe [2]. As shown in Figure 1, single NR-PDCCH schedules single NR-PDSCH where different layers can be transmitted from separate TRPs with same PRB allocation.  
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Figure 1. An illustration of single DCI based multi-TRP transmission
· CW to layer mapping 

For single DCI based NCJT, if the number of total data layers L is no more than 4 for a UE, according to the current CW to layer mapping scheme in Rel-15, only one codeword can be scheduled for a given UE. As different layers may come from different TRPs, the antenna ports (DMRS ports) on different TRPs are non-QCLed, and generally the channel qualities of two radio links have a significant difference. In such cases, a common MCS is insufficient to quantize the SINR level difference of two links. If a MCS is calculated to match the link with better channel quality, the link with poor quality may have a high probability of decoding error. On the contrary, if a MCS is adjusted to match the channel condition of the link with poor quality, the overall system performance would be degraded.  
· QCL enhancement
The TRPs can be geographically separated, resulting in quite different transmission path from different TRPs to the UE. If the UE is only provided with one TCI state for one PDSCH transmitted from one TRP, the UE can only adjust its timing window, and perform frequency tracking according to one of TRPs, then PDSCH demodulation performance loss will occur. Thus, to ensure the demodulation performance, the QCL assumption for PDSCHs from different TRPs should be enhanced.
· DMRS port indication 
For multi-TRP/panel scenario, as DMRS ports from different TRPs are generally non-QCLed, they should be divided into different QCL groups. This principle, however, has not been considered in the DMRS port indication in Rel-15 whereas all DMRS ports of PDSCH are assumed within one QCL group. Hence, most entries of existing DMRS port indication tables in TS38.212 [6] are not suitable for single DCI based multi-TRP/panel transmission. For example, DMRS ports of 29th entry from Table 7.3.1.2.2-2 in TS38.212 [6] are {0, 1, 4, 5}, which belong to the same CDM group. Furthermore, it has been agreed that DMRS ports within each CDM group are QCL-ed. However, this entry doesn’t apply to multi-TRP/panel transmission since DMRS ports from different TRPs are generally non-QCLed. In addition, if the CW to layer mapping is enhanced, e.g. 2CWs is supported for 2~4 layers, the DMRS port indication should be changed accordingly. Thus we propose that DMRS port indication enhancement should be specified for multi-TRP/panel transmission. 
· Rate matching indication

For multi-TRP/panel scenario, the difference of unavailable resources may need to be indicated for different CWs from multiple TRPs. For example, neither the NZP CSI-RS resource nor the CSI-IM resource is available for one CW from one TRP. It doesn’t necessarily mean that it is also not available for the other CW from another TRP. Therefore, rate matching indication or mechanism enhancement can be further considered.

Proposal: To support and specify single PDCCH based multi-TRP/Panel transmission, following aspects can be considered: 

· Mapping Two CWs to two or more layers of PDSCH

· Multiple TCI states per scheduled PDSCH 

· DMRS port indication enhancement
· Rate matching indication

3 Conclusion
This contribution gives general considerations on single PDCCH based multi-TRP/panel transmission. In summary, the following proposal is made. 
Proposal: To support and specify single PDCCH based multi-TRP/Panel transmission, following aspects can be considered: 

· Mapping Two CWs to two or more layers of PDSCH

· Multiple TCI states per scheduled PDSCH 

· DMRS port indication enhancement

· Rate matching indication
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