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1. Introduction

In RAN #86 meeting, new WID for Rel-17 MIMO was agreed as below. Multiple TRPs/panels transmission will be further enhanced in Rel-17 for both FR1 and FR2. 
· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:

a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception 
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception

d. Enhancement to support HST-SFN deployment scenario:

i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission

ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework 
In this contribution, QCL/TCI-related enhancements to enable inter-cell multi-TRP operations will be discussed, assuming multi-DCI based PDSCH reception.
2. Discussion
In Rel-16, for multi-DCI based M-TRP transmission, different TCI states can be configured to PDSCHs from different TRPs. Typically, TRS from corresponding TRP can be the QCL source of a PDSCH. However, the QCL information of TRS can only come from SSB of serving cell in Rel-16, which makes it difficult to support coordination among two different cells. To support inter-cell M-TRP transmission, configuration of a TRS and its QCL source (SSB) from neighboring cell should be allowed. 
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Fig.1: Inter-cell M-TRP operation
In Rel-16, the spatial relation information of a SRS resource for positioning can include the SSB information of neighboring cell (SSB-InfoNcell-r16). The PCID, SSB index and SSB resource information is included in this field. Considering the similar functionality of TCI state and spatial relation information, this field can be the starting point to configure the QCL source for TRS from neighboring cell. Considering that only one neighboring cell will be configured for M-TRP transmission, not all of the information is needed be configured in each SSB. For example, PCID and SSB resource information can be common (configured once) for all neighboring cell SSBs, while only SSB-Index is configured in each SSB to reduce signaling overhead.
SSB-InfoNcell-r16  ::=              SEQUENCE {

    physicalCellId-r16                  PhysCellId,

    ssb-IndexNcell-r16                  SSB-Index      OPTIONAL, -- Need S

    ssb-Configuration-r16               SSB-Configuration-r16   OPTIONAL  -- Need S
SSB-Configuration-r16  ::=          SEQUENCE {

    ssb-Freq-r16                     ARFCN-ValueNR,

    halfFrameIndex-r16                  ENUMERATED {zero, one},

    ssbSubcarrierSpacing-r16            SubcarrierSpacing,

    ssb-Periodicity-r16                 ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2,spare1 }   OPTIONAL, -- Need S

    sfn0-Offset-r16                     SEQUENCE {

        sfn-Offset-r16                      INTEGER (0..1023),

        integerSubframeOffset-r16           INTEGER (0..9)        OPTIONAL  -- Need R

    }            OPTIONAL, -- Need R

    sfn-SSB-Offset-r16                  INTEGER (0..15),

    ss-PBCH-BlockPower-r16              INTEGER (-60..50)      OPTIONAL  -- Cond Pathloss

}
Proposal 1: Introduce PCID and resource information of neighboring cell SSB in QCL information. The signaling for spatial relation of SRS for positioning in Rel-16 can be the starting point with additional signaling reduction.
In Rel-16, only the SSB from serving cell can be configured as resource for CSI measurement. To support gNB to configure a proper neighboring cell SSB as the QCL source for a UE, beam measurement and reporting based on neighboring cell SSB should also be supported. RRM measurement based on neighboring cell SSB has been supported in Rel-15/16. It can be further studied whether Layer 1 measurement is needed in addition to Layer 3 measurement considering the latency of beam management. In current 38.331[1], only SSB index (of serving cell) is configured in CSI-SSB-ResourceSet in CSI-ResourceConfig. If L1 measurement based on neighboring cell SSB is supported, the CSI-SSB-ResourceSet can be extended to include a flag to indicate whether the SSB set is from serving cell or neighboring cell.
CSI-SSB-ResourceSet ::=             SEQUENCE {

    csi-SSB-ResourceSetId               CSI-SSB-ResourceSetId,

    csi-SSB-ResourceList                SEQUENCE (SIZE(1..maxNrofCSI-SSB-ResourcePerSet)) OF SSB-Index,
    ...

}

Proposal 2: Study the necessity of L1-beam measurement/reporting based on neighboring cell SSB.
In Rel-15/Rel-16, there were many scheduling/resource restrictions to DL signal in the resources/symbols used for SSB of serving cell. For example, PDSCHs transmission should be rate-matched in SSB resource except some exceptional case, and only PDSCH or CSI-RS for beam management which is QCLed with a SSB can be transmitted in the same symbol as the SSB. These restrictions should not be extended to SSB of neighboring cell to avoid performance loss compared to Rel-15/Rel-16 UE. The other DL signals are not needed to rate-matched in the resources for neighboring cell SSB, and they can be transmitted in the same symbol as the SSB. UE can detect DL signal from serving cell firstly if there is collision between DL signal from serving cell and SSB from neighboring cell. 
Proposal 3: If SSB of neighboring cell is included in TCI state or CSI resource, the other DL signal should not be impacted by the SSB, e.g. the other DL signal are not rate-matched and can be transmitted in the same symbol as the SSB.
3. Conclusion

In this contribution, we discuss the QCL information and beam management enhancement to support inter-cell multi-TRP operations for multi-DCI base M-TRP. Configuration and measurement for neighboring cell SSB can be introduced in Rel-17 for M-TRP with the following considerations:
Proposal 1: Introduce PCID and resource information of neighboring cell SSB in QCL information. The signaling for spatial relation of SRS for positioning in Rel-16 can be the starting point with additional signaling reduction.

Proposal 2: Study the necessity of L1-beam measurement/reporting based on neighboring cell SSB.

Proposal 3: If SSB of neighboring cell is included in TCI state or CSI resource, the other DL signal should not be impacted by the SSB, e.g. the other DL signal are not rate-matched and can be transmitted in the same symbol as the SSB.
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