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Introduction
In the last meeting, the following agreements on multi-TRP/panel transmission for NR have been reached [1]:
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


Totally 24 contributions on multi-TRP/panel are submitted in this meeting. Wherein, 19 tdocs are mainly focused on DL, while remaining 5 are on UL. In addition, 3 contributions are submitted under the agenda item of CSI feedback. 
In this contribution, we summarize the views from interested companies on some main topics of multi-TRP and multi-panel transmission.
Control channel design for multi-TRP/panel operation
The following 4 issues on control channel design are discussed in contributions. Views of companies are summarized as follows:
· Issue 1: Maximum number of supported NR-PDCCHs for reception in multi-TRP/panel operation
· Support to receive up to 2 NR-PDCCHs: ZTE, OPPO, QC, MTK, Samsung, AT&T, CATT
· Support to receive more than 2: Nokia
· Issue 2: Maximum number of supported NR-PDCCHs for monitoring in multi-TRP/panel operation
· Support to monitor up to 4 NR-PDCCHs: AT&T
· Issue 3: NR-PDCCH and NR-PDSCH association: whether the NR-PDCCH and corresponding NR-PDCCH should be transmitted from the same TRP
· Fujitsu: NR-PDCCH and corresponding NR-PDSCH should be transmitted from the same TRP
· Issue 4: Transmission of PUCCH to different TRPs
· Supported by: OPPO, CATT
· Objected by: Ericsson
Proposal 1: Support to receive up to 2 NR-PDCCHs, and consider to monitor up to 4 NR-PDCCHs in multi-TRP/panel operation.
Proposal 2: Further study the need to limit the associated TRP of NR-PDCCH and corresponding NR-PDSCH.
Proposal 3: Further study the transmission of PUCCH with multiple TRPs.
NR-PDSCH design for multi-TRP/panel operation
The following 5 issues on NR-PDSCH design are discussed in contributions. Views of companies are summarized as follows:
· Issue 1: Number of CW per NR-PDSCH in multi-TRP/panel transmission
· 1 CW per NR-PDSCH: Intel, OPPO, Samsung, CATT
· Issue 2: Number of DPGs in multi-TRP/panel transmission
· Up to 2 DPGs: Samsung, ITRI, CATT
· Issue 3: Total number of MIMO layers transmitted to the same UE in multi-TRP/panel operation
· Total number of MIMO layers is indicated either by UE or gNB: OPPO, Huawei
· Use NAK to reject scheduling beyond UE capability: Intel 
· UE limits reported total rank according to its capability: CATT
· Issue 4:  Resource allocation for multiple TRPs within one PDSCH
· Consider individual resource allocation for each TRP: ZTE, Inter-digital
· Identical resource allocation: Ericsson, CATT 
· Issue 5: Codeword mapping 
· One DPG corresponding to one CW: LGE
· Almost equal split: Samsung, ITRI 
Proposal 4: Support 1 CW for each NR-PDSCH and up to 2 DPGs in NC-JT. 
Proposal 5: Further discuss codeword-to-DPG mapping and codeword correspondence in NC-JT
Proposal 6: Further discuss the total number of MIMO layers in multi-TRP/panel transmission.
Proposal 7: Further study the need of using individual RA with single DCI. 

CSI feedback for multi-TRP/panel operation
The following 4 issues on CSI feedback design are discussed in contributions. Views of companies are summarized as follows:
· Issue 1: CSI calculation and reporting for NC-JT
· Independent CSI per TRP with inter-TRP interference being considered: Huawei, Intel
· Joint CSI calculation for selected TRPs: CATT, Ericsson, Intel
· Issue 2: Multiple CSI hypothesis (multiple reporting parameters in one CSI reporting setting)
· Supported by: Ericsson, Huawei, CATT, Samsung 
· Issue 3: CSI reporting combination to reduce feedback overhead
· Supported by CATT
· Issue 4: UE recommendation on transmission schemes
· Supported by: Sony
Proposal 8: Further study independent CSI and joint CSI calculation in multi-TRP/panel operation. 
Proposal 9: Consider multiple CSI hypothesis and UE recommendation on transmission scheme in multi-TRP/panel operation. 

UL operation with multiple TRPs/panels
The following 3 issues on UL operation are discussed in contributions. Views of companies are summarized as follows:
· Issue 1: Number of supported NR-PUSCHs
· Up to 2 NR-PUSCHs: QC, Nokia, vivo, Ericsson
· Issue 2: UL multi-panel transmission scheme
· OPPO, vivo: coherent and non-coherent, TX diversity
· Samsung: panel selection and joint transmission, combined with UL codebook design 
· Intel: TX diversity, NC-JT
· Ericsson: coherent and non-coherent JT
· Issue 3: Multiple TAs 
· Supported by: Nokia, Intel, Huawei
Proposal 10: Support up to 2 NR-PUSCHs in multi-TRP/panel operation. 
Proposal 11: Detailed Tx schemes and issues such as multiple TAs need further study.

List of ways forward
· R1-1714786, “WF on CSI feedback for NCJT”, LGE
· R1-1714956, “WF on multi-TRP transmission”, Huawei, HiSilicon  

Conclusions
In this contribution, we summarize views on multi-TRP/panel transmission. Based on the summary above, we have the following proposals:
Proposal 1: Support to receive up to 2 NR-PDCCHs, and consider to monitor up to 4 NR-PDCCHs in multi-TRP/panel operation.
Proposal 2: Further study the need to limit the associated TRP of NR-PDCCH and corresponding NR-PDSCH.
Proposal 3: Further study the transmission of PUCCH with multiple TRPs.
Proposal 4: Support 1 CW for each NR-PDSCH and up to 2 DPGs in NC-JT. . 
Proposal 5: Further discuss codeword-to-DPG mapping and codeword correspondence in NC-JT
Proposal 6: Further discuss the total number of MIMO layers in multi-TRP/panel transmission.
Proposal 7: Further study the need of using individual RA with single DCI. 
Proposal 8: Further study independent CSI and joint CSI calculation in multi-TRP/panel operation. 
Proposal 9: Consider multiple CSI hypothesis and UE recommendation on transmission scheme in multi-TRP/panel operation. 
Proposal 10: Support up to 2 NR-PUSCHs in multi-TRP/panel operation. 
Proposal 11: Detailed Tx schemes and issues such as multiple TAs need further study.
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