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Introduction
In RAN-86 meeting, the work item of further enhancements on MIMO for NR [1] was approved. It aims to specify the further enhancements identified for NR MIMO. The detailed objectives are as follows:
· Extend specification support in the following areas [RAN1]
1. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
In RAN1 102-e ~ 104b-e meeting, some possible enhancements were discussed based on above item and some agreements have been achieved. In this contribution, we further discuss related enhancements to support inter-cell multi-TRP operations. 

Inter-cell Multi-TRP operation
Configuration of non-serving cell RS
Agreements in 102-e and 104-e meeting about the configuration of non-serving cell RS are shown as follows [2], [3]:
Agreement
Study the following aspects of QCL /TCI-related enhancement to enable inter-cell multi-DCI based multi-TRP operation.
· Details on configuration of non-serving cell RS;
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Allowed source and target RS types for RS transmitted from the non-serving cell TRP ;
· Allowed QCL types for RS transmitted from the non-serving cell TRP ;
· Measurement and reporting related to QCL /TCI enhancement except for that in 8.1.1, if any;
· Clarification on potential UE behavior for associating/multiplexing non-serving cell RS with other RS/channels;
· Other details not precluded.
Agreement
At least following non-serving cell SSB information are needed in inter-cell MTRP operation 
· SSB time domain position
· SSB transmission periodicity
· SSB transmission power
FFS: Other non-serving cell information
FFS: Whether indication of these information is implicit or explicit
Observed from TS 38.331, the reference signal used for the configuration of TCI state is SSB or CSI-RS, while the QCL for CSI-RS is provided by a TCI state. Accordingly, the SSB is the main QCL source for the beam management in Rel15/16. For both L1/L2-centric inter-cell mobility and inter-cell multi-TRP, in order to introduce the non-serving cell RS into the beam management of serving cell, only the SSB of non-serving cell is needed to be used as QCL resource for TCI state configuration. Therefore, we support that only SSB is allowed to be the source RS type for RS transmitted from the non-serving cell TRP.
Proposal 1: We prefer that only SSB is allowed to be the source RS type for RS transmitted from the non-serving cell TRP.
In order to support inter-cell multi-TRP opration, non-serving cell RS (SSB) should be configured as measuremnet RS to perform beam measuerement and reporting of non-serving cell TRP. But how to indicate UE the non-serving cell SSB information should be discussed. It was agreed in RAN-103e meeting that the information provided by SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject can be starting point for providing non-serving cell information. The configuration of ssb-InfoNcell-r16 is shown in table 1. We can see that PCI is inlcuded and the non-serving cell SSB information is explicitly configured by SSB-Configuration-r16. Inspired by the configuration of ssb-InfoNcell-r16, the non-serving cell SSB used for beam measurement can be configured explicitly as shown in Table 2. The newly added parameter physicalCellId in CSI-SSB-ResourceSet is optional. It is used to indicate that the csi-SSB-ResourceList contains a list of non-serving cell SSB index. Otherwise, these SSB indexes are associated with serving cell SSB. Of course, this configuration of non-serving cell RS (SSB) in Table 2 is just an example. Other feasible methods will do but we think that the non-serving cell SSB information should be configured explicitly like the SSB-Configuration-r16 in ssb-InfoNcell-r16 anyway.
SRS-SpatialRelationInfoPos-r16 ::=      CHOICE {
    servingRS-r16                           SEQUENCE {
		…
    },
    ssb-Ncell-r16                           SSB-InfoNcell-r16,
}
…
SSB-InfoNcell-r16  ::=              SEQUENCE {
    physicalCellId-r16                  PhysCellId,
    ssb-IndexNcell-r16                  SSB-Index                                                          OPTIONAL, -- Need S
    ssb-Configuration-r16               SSB-Configuration-r16                                              OPTIONAL  -- Need S
}
Table 1. Configuration of ssb-InfoNcell-r16 in TS38.331
CSI-SSB-ResourceSet ::=             SEQUENCE {
	physicalCellId                      PhysCellId                                    OPTIONAL
    csi-SSB-ResourceSetId               CSI-SSB-ResourceSetId,
    csi-SSB-ResourceList                SEQUENCE (SIZE(1..maxNrofCSI-SSB-ResourcePerSet)) OF ssb-IndexNcell,
    ...
}
SSB-InfoNcell  ::=              SEQUENCE {
	physicalCellId-r16                  PhysCellId,
	ssb-IndexNcell-r16                  SSB-Index
	ssb-Configuration                   …
}
Table 2. One possible way to configure non-serving cell SSB
Proposal 2: The non-serving cell SSB information should be configured explicitly like the SSB-Configuration-r16 in ssb-InfoNcell-r16.
TCI state/QCL enhancements
Agreements in 104-e and 104b-e meeting related to TCI state/QCL are shown as follows [3], [4]:
Agreement
For inter-cell MTRP operation, further discuss following options and down select in RAN1#104bis-e
· Option1: Indicate/associate non-serving cell PCI in the TCI state
· FFS other non-serving cell information
· Option2: Introduce a flag to indicate whether a TCI state/QCL information is associated with non-serving cell information or serving cell
· FFS: how the flag is linked to non-serving cell
· Option3: Explicit or implicit grouping of TCI states associated with non-serving cell information corresponding to the serving cell and the non-serving cell respectively.
· FFS: Each group is associated with a CORESETPoolIndex value.
· FFS: how to link the group of TCI states to non-serving cell.
· Option4: Re-index the non-serving cell RS, e.g., in the TCI state/QCL-Info, so that the UE can differentiate between a serving cell RS and a non-serving cell RS
· Example: serving cell RSs are indexed from #0, #1, …, #N-1, while non-serving cell RSs are re-indexed from #N, #N+1, …
· FFS: detailed re-indexing rule(s) of non-serving cell RSs 
· Option5: Introduce a new indicator (e.g., re-index the non-serving cell) to indicate the non-serving cell information that a TCI state/QCL information is associated with 
· FFS: how the indicator is linked to non-serving cell
· Note: when there is only one non-serving cell, it means the same as Option2.
Agreement
For intercell MTRP operation, downselect one or more of the following alternatives in RAN1#105-e
· Alt1: one PCI associated with one or more of activated TCI states for [PDSCH]/PDCCH can be associated with only one CORESETPoolIndex
· Alt2: one PCI associated with one or more of activated TCI states for [PDSCH]/PDCCH can be associated with more than one CORESETPoolIndex
· Alt3: one PCI associated with TCI states for [PDSCH]/PDCCH via QCL relationship without association with CORESETPoolIndex
Note: This agreement is not related to the down-selection of one of the 5 options from RAN1#104-e
Note: Above should be specified by reusing Rel-15/Rel-16 QCL rules as concluded in RAN1#104-e
It has been agreed that non-serving cell information, at least including non-serving cell PCI, can be associated with the TCI state and/or QCL-info at least when “neighbor cell SSB” is used as “QCL referenceSignal ”. As for the definition of TCI state, it indicate the TCI state ID and the QCL-info. The information provided by QCL-info includes cell, bwp-Id and referenceSignal. Here cell refers to the serving cell index, referenceSignal refers to the NZP-CSI-RS-ResourceId or SSB-index. It is straightforward to associate the “non-serving cell information” with TCI state in the same way with SRS-SpatialRelationInfoPos-r16 in Table 1. As described in Table 3, the newly add parameter, SSB-InfoNcell, in QCI-info is used to associate the “non-serving cell information” with TCI state, which is similar to the SSB-InfoNcell-r16 in SRS-SpatialRelationInfoPos-r16. It is a new indicator to indicate the non-serving cell information that a TCI state/QCL information is associated with. Thus we prefer Option 5 about the relationship of non-serving cell and TCI state. 

TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                    OPTIONAL,   -- Need R
    ...
}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                               OPTIONAL,   -- Need R
    bwp-Id                              BWP-Id                                                      OPTIONAL, -- Cond CSI-RS-Indicated
referenceSignal                     CHOICE {
	servingRS                       CHOICE {
        	csi-rs                              NZP-CSI-RS-ResourceId,
        	ssb                                 SSB-Index
		}
		ssb-Ncell                       SSB-InfoNcell
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}
Table 3. New indicator in QCL-Info
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 3: Prefer Option 5 to configure TCI state associated with non-serving cell.
Observed from in TS 38.214, the UE may expect the reception of full/partially-overlapped PDSCHs in time only when PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex. Accordingly, for multi-TRP, the CORESETPoolIndex is used for inform the UE whether to receive multiple PDCCHs from multi-TRP. At present, the allowed values of CORESETPoolIndex are 0 and 1, which means that only two TRPs are support. For inter-cell multi-TRP in Rel17, we still consider two TRPs, one from serving cell and one from non-serving cell. Therefore, we support that one PCI associated with one or more of activated TCI states for PDSCH/PDCCH can be associated with only one CORESETPoolIndex.
Proposal 4: We support alt.1 that one PCI associated with one or more of activated TCI states for PDSCH/PDCCH can be associated with only one CORESETPoolIndex for inter-cell multi-TRP in Rel17.
Beam measurement and reporting
For multi-DCI based multi-TRP, when the UE is scheduled with full/partially/non-overlapped PDSCHs in time and frequency domain, the full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH, which is described in TS38.214. In 104b-e meeting, it was agreed that beam(s) associated with a non-serving cell can be mixed with that associated with serving-cell in one reporting instance depending on NW configuration in agenda 8.1.1. More details about which cell UE should report the beam measurement results to need to be discussed. From our understanding, there are two options. Option1, beam measurement results of both non-serving cell and serving cell should be reported to serving cell. And, the beam measurement results of non-serving cell should be transmitted to TRP in non-serving cell via Xn because the beam of non-serving cell TRP is indicated only by its own PDCCH. But this option increase the time delay of beam indication of non-serving cell TRP. Another option is that these beam measurement results should be reported to their corresponding cell.
Proposal 5: Which cell UE should report the beam measurement results to needs to be discussed for inter-cell multi-TRP:
· Option1: Beam measurement results of both non-serving cell and serving cell(s) should be reported to serving cell.
· Option2: Beam measurement results should be reported to their corresponding cell
Note: Other feasible options are not excluded.

Conclusion
In this contribution, we discuss about the inter-cell Multi-TRP operation. Based on above discusses, we provide the following proposals.
Proposal 1: We prefer that only SSB is allowed to be the source RS type for RS transmitted from the non-serving cell TRP.
Proposal 2: The non-serving cell SSB information should be configured explicitly like the SSB-Configuration-r16 in ssb-InfoNcell-r16.
Proposal 3: Prefer Option 5 to configure TCI state associated with non-serving cell.
Proposal 4: We support alt.1 that one PCI associated with one or more of activated TCI states for PDSCH/PDCCH can be associated with only one CORESETPoolIndex for inter-cell multi-TRP in Rel17.
Proposal 5: Which cell UE should report the beam measurement results to needs to be discussed for inter-cell multi-TRP:
· Option1: Beam measurement results of both non-serving cell and serving cell(s) should be reported to serving cell.
· Option2: Beam measurement results should be reported to their corresponding cell
[bookmark: _GoBack]Note: Other feasible options are not excluded.
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