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Introduction
In NR Rel-15, 3GPP has made significant progress for supporting some basic operations of Multi-TRP/panel. Different from LTE, QCL assumptions have been supported from the first release in all NR UL/DL channels and reference signals, paving a path to smoothly support beam-based transmission which is transparent to physical TRP/panel from the specification point of view. Moreover, NR CSI feedback in Rel-15 also provides sufficient measurement support for multi-TRP/beam by multiple CSI measurement/reporting, TCI/Beam management, and high resolution/fast CSI feedback etc., to enable flexible scheduling decision. DMRS-based transmission is also beam based so that the UE can remain transparent to actual transmission TRPs in general. 
Basic operations of multi-TRP/panel, for example CS/CB, DPS/DPB and multi-panel transmission based on multi-panel codebook, are supported in NR Rel-15. However, these operations cannot sufficiently support practical scenarios with non-ideal backhaul and improve cell-edge/cell-average performance further with more advanced network coordination. It is well known that CS/CB and DPS/DPB mainly target at cell edge performance with only small/moderate cell edge performance gain. To address these limitations, RAN1 had made following agreements which cannot be discussed further due to Rel-15 time limitation, for example: 
· 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
· At most a total of 2 CWs over the scheduled NR-PDSCHs

[bookmark: OLE_LINK3]Observation: NR Rel-15 only supports basic operations of multi-TRP/panel, for example CS/CB, DPS/DPB and multi-panel transmission based on multi-panel codebook.
Therefore starting from Rel-15 agreements, Rel-16 shall prioritize and finalize remaining issues to enable advanced transmission like NCJT with and without ideal backhaul so that NR can be more competitive, practical and spectrally efficient. We have discussed applicable scenarios considered for NR NCJT and potential techniques that we consider to be essential in Rel-16 as follows. 
Discussion
Deployment Scenarios for NR NCJT
Firstly, NR NCJT shall support generic multi-beam based NCJT by assuming TRPs/panels connected with ideal and non-ideal backhaul link, e.g. with 50ms backhaul delay, to enable more deployment flexibility and opportunities. Multi-TRPs or multi-panels can be collocated or non-collocated. 
Secondly, NR NCJT shall provide performance gain with a variety of network loading conditions to enable more “Green” transmission. In general, MU-MIMO-like techniques relies on dense UE distribution and high traffic loading to provide an attractive gain. However, these are not the only use cases that NR NCJT shall support. With multi-DCI based NCJT support by the UE, distributed MIMO can be more efficient to deliver data packages by distributing packages into multiple TRPs or beams taking into account real network loading and reduce interference consequently. 

Technical Enhancements in Rel-16
· Single DCI based NCJT
· DL PDSCH Enhancement: 
· Non-QCLed DMRS groups are supported in Rel-15. QCL indication for two DMRS port groups should be further discussed to improve the performance of NCJT demodulation in Rel.16. Only a few entries of DMRS port table in Rel.15 can be used for multi-TRP transmission. More entries/assignments of DMRS ports table for multi-TRP cases should be further considered to enable the scheduling flexibility of NCJT. 
· QCL indication for multiple DMRS port groups and enhancement on DMRS port assignment
· Codeword-to-Layer Mapping enhancement: 
· For multi-TRP transmission, a data transmission with less than five layers for a given UE is more typical. But one CW is mapped to 1~4 layers in Rel-15 and does not facilitate NCJT with single DCI based NCJT due to significantly varying channel quality among multiple TRPs.  
· Enhancement on CW-to-layer mapping.
· Diversity based transmission 
· Only spatial multiplexing based transmission is supported in Rel-15. Diversity based Multi-TRP transmission can be also evaluated, and specified if need in order to facilitate more robust and reliable data transmission, for e.g. URLLC, V2X, high speed train, and etc. 
· Diversity based multi-TRP transmission.

· Multiple DCI based NCJT
· DL Control Design:
· The UE needs to be configured to decode multiple PDCCHs including the corresponding CORESET/search space and number of blind decodings. The maximum number of blind decoding shall be limited to avoid unnecessary increase on blind decoding complexity at the UE.     
· UL Transmission:
· For HARQ-ACK reporting for multiple NR-PDCCH reception, multiple PUCCH-based solution where each PUCCH resource is independently configured/signaled is preferred as it is less spec-invasive and allows to reuse mechanisms for single PUCCH transmission. Single PUCCH-based solution can be considered later to solve the situation when there are overlap between each PUCCH. Power control could be considered independently for each PUCCH intended for each TRP.  
· Multiple HARQ/MAC entities:
· NC-JT may involve a higher number of HARQ processes in order to support multiple PDCCH/PDSCH transmission from multi-TRP. Single HARQ entity based protocol stack may have difficulty in accommodating different HARQ processes corresponding to different PDCCH/PDSCH. Multiple HARQ entity based protocol stack allows the network to use a larger number of HARQ processes without impacting DCI Format size. Therefore, supporting multiple MAC entities to accommodate such protocol stack structures would have to be addressed/resolved. 

In summary, we have the following proposals: 

Proposal: support Multi-TRP/Multi-beam based transmission enhancement in Rel-16   
· [bookmark: _GoBack][bookmark: OLE_LINK2]Specify single PDCCH based NCJT scheme for multi-TRP/multi-beam transmission with more robustness and faster data transmission in a UE-centric boundaryless network, including enhanced codeword-to-layer mapping scheme(s), TCI state design, DMRS indication, CSI acquisition, beam management and diversity based transmission, if needed.
· Specify multiple PDCCH based NCJT scheme for multi-TRP/multi-beam transmission with more robustness and faster data transmission in a UE-centric boundaryless network, including enhanced DL control design, UL transmission, multiple HARQ/MAC entities, CSI acquisition and beam management, if needed.

Conclusion
This contribution have provided an analysis of potential WI objectives for multi-TRP enhancements for NR in Rel-16 and have following observation and proposal: 
Observation: NR Rel-15 only supports basic operations of multi-TRP/panel, for example CS/CB, DPS/DPB and multi-panel transmission based on multi-panel codebook.

Proposal: support Multi-TRP/Multi-beam based transmission enhancement in Rel-16   
· Specify single PDCCH based NCJT scheme for multi-TRP/multi-beam transmission with more robustness and faster data transmission in a UE-centric boundaryless network, including enhanced codeword-to-layer mapping scheme(s), TCI state design, DMRS indication, CSI acquisition, beam management and diversity based transmission, if needed.
· Specify multiple PDCCH based NCJT scheme for multi-TRP/multi-beam transmission with more robustness and faster data transmission in a UE-centric boundaryless network, including enhanced DL control design, UL transmission, multiple HARQ/MAC entities, CSI acquisition and beam management, if needed.
