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Introduction
In RAN1 #102e meeting, the following agreements were made: 
	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;
· 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.


In RAN1#103e meeting, further agreements were made as below:Agreement
For QCL /TCI related enhancement for enhanced inter-cell multi-TRP operations, support RRC configuration of non-serving cell information
· Non-serving cell information can be associated with the TCI state and/or QCL -info at least when “neighbor cell SSB” is used as “QCL referenceSignal ”
· FFS : Whether beam indication enhancement is needed in addition to QCL -info enhancement
· FFS : Whether the association is explicit or implicit

Agreement
The information provided by SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject can be starting point for providing non-serving cell information

For future meetings
Consider rate matching behavior related to non-serving cell SSB.

In RAN#90e, network synchronization assumption for inter-cell MTRP operation was discussed and following guidance was provided:The network synchronization assumption issue can still be discussed in RAN1


In this contribution, we discuss remaining issues including network synchronization assumption, non-serving cell information, association of non-serving cell information with TCI state, rate matching behavior, spatial relation and power control issues etc.
Non-serving cell information and association with TCI
Configuration of non-serving cell RS
Rel-15/16 DL QCL indication relies on TCI framework and QCL chains. 
For PDCCH, TCI states are indicated in ControlResourceSet with tci-StatesPDCCH-ToAddList. Those TCI states in tci-StatesPDCCH-ToAddList are from TCI states configured in tci-StatesToAddModList in PDSCH-Config. The QCL source of PDCCH can be updated through MAC CE signalling indicating TCI state in corresponding tci-StatesPDCCH-ToAddList.
For PDSCH, its beam could typically be based on the following ways:
· PDCCH beam through default beam rules
· PDCCH beam if there is no TCI present in DCI
· TCI indicated in the DCI when TCI field is present in DCI. The TCI indicated in DCI also referred to the TCI states which is also configured in tci-StatesToAddModList in PDSCH-Config
For CSI-RS configuration, the QCL source is configured through qcl-InfoPeriodicCSI-RS which refers to TCI-State in  tci-StatesToAddModList in the PDSCH-Config included in the BWP-Downlink corresponding to the serving cell and to the DL BWP to which the resource belongs to. For aperiodic CSI-RS, the indicated TCI state is also from the tci-StatesToAddModList in the PDSCH-Config.
Besides above signals and channels, there is another RS that UE would measure in layer 1: SSB. For these RS, they are not directly associated with any TCI state, but UE may still need to know which PCI the configured SSB UE needs to measure. 
From above analysis it could be seen that the key to enable inter-cell m-TRP QCL indication relies on two aspects: TCI state configuration enhancement and L1 SSB measurement related enhancement. These two aspects should both be considered. 
It has been agreed that non-serving cell information can be associated with TCI state and/QCL info when neighboring cell SSB is configured as QCL reference signal. Now, the question is what non-serving cell information is required. There were different options proposed by companies in last meeting, one option is to use information configured in MeasObject and another option is to use information in SSB-Configuration-r16. Yet another discussion point was whether to directly include PCI or it is implicitly derived. Since MeasObject is always configured, it is straight forward to use the information in MeasObject as non-serving cell information to associate with TCI state. And, it is also straight forward to include PCI information 

Proposal 1: TCI state configuration/activation is enhanced with additional information of the target cells which at least includes PCI information.
· Information in MeasObject can be starting point for providing non-serving cell information
QCL indication for CORESETs with common search space
It should be noted that it is also possible for the network to indicate the QCL source for the CORESETs with common search space, which is typically configured through MIB or SIBs. UE behaviour for these CORESETs should be clarified.
For example, if CORESET #0 TCI state is updated (through dedicated MAC CE signaling) to be associated with QCL source from SSB of another PCI, UE may begin to decode the SIB information of the target cell. It should be clarified whether such behavior is allowed or not in Rel-17 FeMIMO inter-cell multi-TRP operation. 
Above clarification may not be limited for CORESET #0, but also needed for CORESETs associated with type 0/1/2 search spaces. 
Proposal 2: Clarify UE behaviour when CORESETs with type 0/1/2 SS is configured/activated with TCI states associated with SSB of another PCI.
RS types and QCL types for inter-cell M-TRP operation
Rel-15/16 specification already allows L3 measurement over non-serving cell RS like SSB and CSI-RS for RRM. According to discussion above, besides SSB and CSI-RS for RRM, other signals should also be allowed: for example, CSI-RS for CSI/BM could also be QCL’ed with non-serving cell SSB and CSI-RS for RRM. 
Proposal 3: CSI-RS for CSI, beam management and tracking should all be allowed to be associated with non-serving cell RS for L1 inter-cell measurement.
Current QCL chain in Rel-15/16 specification puts restrictions on how to associate different signals through QCL configurations. Such restriction between source and target should also be applied.
Proposal 4: Rel-15/16 configuration restriction on the source and target RS/channel of QCL chains is also applied for Rel-17 inter-cell operation.
On rate matching of non-serving cell RS
Rate matching of non-serving cell RS was raised in previous RAN1 meeting, which requires further discussion. In multi DCI based inter-cell multi TRP PDSCH reception, whether/how to rate match RS from other cell when the PDSCH is being scheduled from one cell should be discussed. PDSCH from serving cell is only rate matched around serving cell RS. 
There are following two kinds of RS that need consideration for the discussion of rate matching behavior.
· SSB from the non-serving cell RS
· RS that are QCL’ed with the non-serving cell SSB

Both of the two kinds of RS should be taken into account regarding whether they are allowed to be multiplexed with PDSCH and if allowed, how they should be rate matched. 
Proposal 5: The following two kinds of RS are considered for rate matching behavior enhancement: 
· [bookmark: _GoBack]SSB from the non-serving cell RS
· RS that are QCL’ed with the non-serving cell SSB

Network synchronization assumption
Discussion on network synchronization occurred in past RAN1 and RAN meetings without any conclusion. As per RAN guidance, the issue of UE reception is “within CP” or “beyond CP” can be further discussed in RAN1. Multiple options were discussed in previous RAN1 meeting, including whether the discussion is dependent on FR1 or FR2, whether it is relevant to SCS, whether the UE receives signal from inter-cell TRPs simultaneously or not. 
For example, in FR2 operation with 120kHz, the CP length is equal to 144*64/8/480/1000/4096=585ns, which corresponds to less than 200 meters transmission distance. Moreover, 582ns timing limitation between the source and target does not fit into current RAN4 assumption of timing offset assumptions between different cells. Thus it is too restrictive to limit QCL source and target timing within CP for all cases.
It is also understandable that simultaneous reception from multi-TRP with timing offset larger than CP would make it more complicated for Rx design and may potentially increase the interference between different DL Rx signals. One potential way could be to limit the simultaneous operation between different TRPs
When UE is indicated with SSB from the target cell, the timing should also be adjusted to follow the indicated SSB. This is implied through the average delay in QCL-TypeA and QCL-TypeC.
Proposal 6: Clarify UE behaviour for receiving signals associated with different QCL source timing, with the restriction that UE does not expect to receive signals with timing offset beyond CP simultaneously.

Spatial relation and power control enhancement for UL
UL transmission should also be enhanced to enable seamless mobility experience. For UL transmission associated with target PCI, the spatial relation and power control should both be enhanced.
The spatial relation of SRS transmission is configured through SRS-SpatialRelationInfo. It can be noticed that the following configuration is already supported for SRS for positioning. Similar configuration could also be enhanced for SRS for other purposes.
SRS-SpatialRelationInfoPos-r16 ::=      CHOICE {
    servingRS-r16                           SEQUENCE {
        servingCellId                           ServCellIndex                                       OPTIONAL,   -- Need S
        referenceSignal-r16                     CHOICE {
            ssb-IndexServing-r16                    SSB-Index,
            csi-RS-IndexServing-r16                 NZP-CSI-RS-ResourceId,
            srs-SpatialRelation-r16                 SEQUENCE {
                resourceSelection-r16                   CHOICE {
                    srs-ResourceId-r16                      SRS-ResourceId,
                    srs-PosResourceId-r16                   SRS-PosResourceId-r16
                },
                uplinkBWP-r16                           BWP-Id
            }
        }
    },
    ssb-Ncell-r16                           SSB-InfoNcell-r16,
    dl-PRS-r16                              DL-PRS-Info-r16
}
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
}

Observation 1: SRS for positioning already supports spatial relation configured/activated targeting another PCI.
For PUCCH, its spatial relation is indicated through the following IE: PUCCH-SpatialRelationInfo. Similarly as for SRS, PCI information could be added also for its spatial relation configurations. This PCI information is applicable for the power control.
PUSCH follows the spatial relation of SRS resources, with the indicated spatial relation of another PCI UE may be able to transmit towards the target cell.
Proposal 7: Spatial relation and power control related configurations should be enhanced for SRS, PUCCH, PUSCH transmission towards target cell. 

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Conclusions
In this paper we discuss the directions for inter-cell m-TRP operation enhancement in Rel-17 eMIMO. The following observations and proposals are made.
Observation 1: SRS for positioning already supports spatial relation configured/activated targeting another PCI.

Proposal 1: TCI state configuration/activation is enhanced with additional information of the target cells which at least includes PCI information.
· Information in MeasObject can be starting point for providing non-serving cell information
Proposal 2: Clarify UE behaviour when CORESETs with type 0/1/2 SS is configured/activated with TCI states associated with SSB of another PCI.
Proposal 3: CSI-RS for CSI, beam management and tracking should all be allowed to be associated with non-serving cell RS for L1 inter-cell measurement.
Proposal 4: Rel-15/16 configuration restriction on the source and target RS/channel of QCL chains is also applied for Rel-17 inter-cell operation.
Proposal 5: The following two kinds of RS are considered for rate matching behavior enhancement: 
· SSB from the non-serving cell RS
· RS that are QCL’ed with the non-serving cell SSB
Proposal 6: Clarify UE behaviour for receiving signals associated with different QCL source timing, with the restriction that UE does not expect to receive signals with timing offset beyond CP simultaneously.
Proposal 7: Spatial relation and power control related configurations should be enhanced for SRS, PUCCH, PUSCH transmission towards target cell. 
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