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Introduction
Inter-cell multi-TRP operation is one of the major enhancement directions for Rel-17 eMIMO. The following is explicitly stated in the scope of the WID. In this paper, the detailed thoughts on the following item are given for further discussions.
	Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception


In RAN1 #102e meeting discussion, the following is explicitly agreed 
	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.



Scenarios for inter-cell multi-TRP
The high speed train and high way scenarios (shown in Fig. 1 and Fig. 2) are explicitly agreed for inter-cell mobility enhancement in Rel-17. In above high speed train and high way scenarios, inter cell multi-TRP operation is one of the important techniques to improve the user experience for continuous downlink and uplink transmission. Before the network starts UE handover procedure to the target cell, UE could be connected to the target cell not only for measurement but also for data transmission. Such early transmission from the target cell would enable seamless handover from the source cell to target cell without any interruption.


Fig.1 High way scenario with dense urban cell deployment. In the figure, UE moves along the linear trajectories mimicking movement along highway.
:


Fig.2 HST (based on TS38.802/913), agreed by FeMIMO EVM discussion

Observation 1: Inter-cell multi-TRP operation could enable seamless mobility between cells for targeted mobility scenarios in Rel-17 FeMIMO.
Besides mobility considerations, inter-cell multi-TRP operations is also beneficial for throughput enhancement for cell edge UEs. One simple observation from multi-TRP system simulation is that even with simplest DPS transmission multi-TRP is beneficial for cell edge UE. Enabling inter-cell multi-TRP operation would improve UE perceived throughput at cell edge.

	Indoor FR2 non-ideal backhaul RU=8%

	
	mean
	5%SE
	10%SE
	20%SE

	STRP
	0.00 
	0.00 
	0.00 
	0.00 

	DPS
	0.4% 
	6.67% 
	6.25% 
	3.92%

	Indoor FR2 non-ideal backhaul RU=17%

	
	mean
	5%SE
	10%SE
	20%SE

	STRP
	0.00 
	0.00 
	0.00 
	0.00 

	DPS
	0.4% 
	8.54% 
	6.25% 
	4.54% 

	Indoor FR2 non-ideal backhaul RU=44%

	
	mean
	5%SE
	10%SE
	20%SE

	STRP
	0.00 
	0.00 
	0.00 
	0.00 

	DPS
	3.5% 
	28.18% 
	23.70 
	18.60% 



Table 1. Indoor Hotspot with STRP and DPS
Observation 2: Inter-cell multi-TRP operation (even with only DPS) would improve UE perceived throughput at cell edge.
In Rel-16 MTRP discussion, both ideal backhaul and non-ideal backhaul scenarios are considered. Multi-DCI signalling framework are designed to be applicable for both ideal and non-ideal backhaul. For inter-cell multi-TRP operation discussed in Rel-17 FeMIMO, similar assumptions on backhaul conditions should also be considered as in Rel-16: considering both non-ideal backhaul and ideal-backhaul. Non-ideal backhaul is typical assumption for inter-cell operations, while ideal backhaul may also be feasible in HST scenarios.
Proposal 1: Inter-cell multi-TRP operation in Rel-17 should consider both ideal backhaul and non-ideal backhaul scenarios.
For non-ideal backhaul scenarios, it should also be possible to transmit data towards TRP from another cells in uplink. If the uplink signalling and data is always transmitted to the TRP in the source cell and then forwarded to the target cell in a non-ideal backhaul scenario, it would not be possible to achieve seamless mobility experience. Thus for inter-cell multi-TRP operation enhancement in Rel-17, spatial relation indication and power control for uplink transmission towards target cell should also be considered.  
Proposal 2: Inter-cell multi-TRP operation in Rel-17 should consider both QCL enhancement for DL and spatial relation enhancement for UL.
QCL enhancement for DL
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 could 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. More specifically, the following two RRC IEs may need further enhancement.
	CSI-SSB-ResourceSet ::=             SEQUENCE {
    csi-SSB-ResourceSetId               CSI-SSB-ResourceSetId,
    csi-SSB-ResourceList                SEQUENCE (SIZE(1..maxNrofCSI-SSB-ResourcePerSet)) OF SSB-Index,
    ...
}



	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 {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}



Proposal 3: Inter-cell m-TRP enhancement should consider both of the following two aspects:
· TCI state configuration/activation enhancement with additional information of the target cells (at least including PCI information)
· Enhanced configuration/activation of L1 measured SSBs/CSI-RS with additional information of the target cells.
QCL source timing 
There is RANP discussion that the timing between the source cell and target cell may or may not be within CP. For 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 limit the simultaneous operation between different TRPs
There is also argument about whether QCL timing falls within the QCL enhancement or not. In Rel-15, the following QCL types are defined:
[bookmark: _Hlk500800106][bookmark: _Hlk500784100]-	'QCL-TypeA': {Doppler shift, Doppler spread, average delay, delay spread}
-	'QCL-TypeB': {Doppler shift, Doppler spread}
-	'QCL-TypeC': {Doppler shift, average delay}
-	'QCL-TypeD': {Spatial Rx parameter}
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 4: 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.
Measurement and reporting related issues 
As discussed previously, the major motivations for inter-cell L1 measurement is to enable seamless experience for high mobile scenarios, e.g. the high way and high speed train scenarios. For these scenarios, it is possible that L3 measurement is not fast enough to enable inter-cell operation. L1 measurement should be configured in a way that could be de-coupled with L3 measurement. 
Proposal 5: Configuration of L1 measurement of non-serving cell RS should enable inter-cell L1 measurement of a target cell for both the case with and without corresponding inter-cell L3 measurement of the target cell.
Currently, for L3 measurement there is already RS configured and measured from target cell. Measurement object is configured in the IE MeasObjectNR, with information like measured frequency, measured timing, and the sub-carrier spacing of target SS. The information like measured frequency is needed for inter-frequency measurement. To facilitate L1 measurement of target cells, these information may also be needed for the configuration of L1 measurement. 
	MeasObjectNR ::=                    SEQUENCE {
    ssbFrequency                        ARFCN-ValueNR                                                   OPTIONAL,   -- Cond SSBorAssociatedSSB
    ssbSubcarrierSpacing                SubcarrierSpacing                                               OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc1                               SSB-MTC                                                         OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc2                               SSB-MTC2                                                        OPTIONAL,   -- Cond IntraFreqConnected
    refFreqCSI-RS                       ARFCN-ValueNR                                                   OPTIONAL,   -- Cond CSI-RS
    referenceSignalConfig               ReferenceSignalConfig,
    absThreshSS-BlocksConsolidation     ThresholdNR                                                     OPTIONAL,   -- Need R
    absThreshCSI-RS-Consolidation       ThresholdNR                                                     OPTIONAL,   -- Need R
    nrofSS-BlocksToAverage              INTEGER (2..maxNrofSS-BlocksToAverage)                          OPTIONAL,   -- Need R
    nrofCSI-RS-ResourcesToAverage       INTEGER (2..maxNrofCSI-RS-ResourcesToAverage)                   OPTIONAL,   -- Need R
    quantityConfigIndex                 INTEGER (1..maxNrofQuantityConfig),
    offsetMO                            Q-OffsetRangeList,
    cellsToRemoveList                   PCI-List                                                        OPTIONAL,   -- Need N
    cellsToAddModList                   CellsToAddModList                                               OPTIONAL,   -- Need N
    blackCellsToRemoveList              PCI-RangeIndexList                                              OPTIONAL,   -- Need N
    blackCellsToAddModList              SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement      OPTIONAL,   -- Need N
    whiteCellsToRemoveList              PCI-RangeIndexList                                              OPTIONAL,   -- Need N
    whiteCellsToAddModList              SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement      OPTIONAL,   -- Need N
    ...,
    [[
    freqBandIndicatorNR                 FreqBandIndicatorNR                                             OPTIONAL,   -- Need R
    measCycleSCell                      ENUMERATED {sf160, sf256, sf320, sf512, sf640, sf1024, sf1280}  OPTIONAL    -- Need R
    ]],
    [[
    
    smtc3list-r16                     SSB-MTC3List-r16                                                  OPTIONAL,   -- Need R
    rmtc-Config-r16                     SetupRelease {RMTC-Config-r16}                                  OPTIONAL,   -- Need M
    t312-r16                            SetupRelease { T312-r16 }                                       OPTIONAL    -- Need M
    ]]
}



Proposal 6: Consider configuring inter-cell L1 measurement for a target cell with similar structure as MeasObjectNR for L3 measurement.
For cases when the L1 measurement is directly configured without association to any L3 RRM measurement, the RS could be measured according to the information configured in the measurement object. For cases when the inter-cell  L1 measurement is associated with L3 RRM measurement of the target cell, the configuration could be following the normal L1 CSI measurement and reporting configuration. 
Proposal 7: Inter-cell L1 measurement is enabled through the following two ways
· For cases when the inter-cell L1 measurement is associated with L3 measurement, the measurement is enabled through normal CSI measurement configuration by associating (the QCL source of) an L1 measured RS with an RS configured for L3 measurement.
· For cases when the inter-cell L1 measurement is not associated with any L3 measurement, the measurement is enabled through signalling with similar structure as MeasObjectNR for L3 measurement.
Since SMTC information is configured within measurement object, it should be clarified whether the measurement should be limited within the SMTC or not. The limitation may be different for above two cases. For example, when the inter-cell L1 measurement is associated with L3 measurement, they are quite similar to current L1 measurement, thus it is not necessary to limit the measurement within the SMTC. 
Proposal 8: L1 measurement limited within SMTC and without limitation should both be supported.
Reporting of the inter-cell L1 measurement results could still be based on current L1 reporting configuration and procedure. For example, an L1 reporting setting could be configured with direct association to an L1 measured non-serving cell RS. To enable such association, it should be possible to directly configure an RS together with the measurement object ID to identify the measured RS. For cases that an L1 measured non-serving cell RS is already associated with L3 RRM measurement, the configuration is quite similar to current L1 reporting setting and resource setting configuration by configuring target cell information in the resource settings.
Proposal 9: Support to configure L1 reporting of non-serving cell RS measurement results based on Rel-15/16 L1 reporting setting configuration with enhancement on association of the RS with a target measurement object.
It is expected that the operation would be different for receptions of signals within CP and signals that are not within CP. For example, as discussed above, there may be limitations that the signals beyond CP may not be processed by UEs but for signals within CP there is no such limitation. However, it may not be possible for the network to determine whether two signals are within the CP or not and thus needs information from UE side. One of the potential enhancements could be to enable UE to report such information. 
Proposal 10: Timing offset between different signals should be reported from UE to determine whether Rx timing the signals from multi-TRP are within CP or not.
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 11: 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 12: 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 13: Rel-15/16 configuration restriction on the source and target RS/channel of QCL chains is also applied for Rel-17 inter-cell operation.
Spatial relation and power control enhancement for UL
As we discussed previously, 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 3: 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 14: 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: Inter-cell multi-TRP operation (with only DPS) would improve UE perceived throughput at cell edge.
Observation 2: When UE is configured with QCL information with SSB of target cell or RS associated with the SSB, UE follows the timing of the indicated SSB for reception. 
Observation 3: SRS for positioning already supports spatial relation configured/activated targeting another PCI.

Proposal 1: Inter-cell multi-TRP operation in Rel-17 should consider both ideal backhaul and non-ideal backhaul scenarios.
Proposal 2: Inter-cell multi-TRP operation in Rel-17 should consider both QCL enhancement for DL and spatial relation enhancement for UL.
Proposal 3: Inter-cell m-TRP enhancement should consider both of the following two aspects:
· TCI state configuration/activation enhancement with additional information of the target cells (at least including PCI information)
· Enhanced configuration/activation of L1 measured SSBs/CSI-RS with additional information of the target cells.
Proposal 4: 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 5: Configuration of L1 measurement of non-serving cell RS should enable inter-cell L1 measurement of a target cell for both the case with and without corresponding inter-cell L3 measurement of the target cell.
Proposal 6: Consider configuring inter-cell L1 measurement for a target cell with similar structure as MeasObjectNR for L3 measurement.
Proposal 7: Inter-cell L1 measurement is enabled through the following two ways
· For cases when the inter-cell L1 measurement is associated with L3 measurement, the measurement is enabled through normal CSI measurement configuration by associating (the QCL source of) an L1 measured RS with an RS configured for L3 measurement.
· For cases when the inter-cell L1 measurement is not associated with any L3 measurement, the measurement is enabled through signalling with similar structure as MeasObjectNR for L3 measurement.
Proposal 8: L1 measurement limited within SMTC and without limitation should both be supported.
Proposal 9: Support to configure L1 reporting of non-serving cell RS measurement results based on Rel-15/16 L1 reporting setting configuration with enhancement on association of the RS with a target measurement object.
Proposal 10: Timing offset between different signals should be reported from UE to determine whether Rx timing the signals from multi-TRP are within CP or not.
Proposal 11: Clarify UE behaviour when CORESETs with type 0/1/2 SS is configured/activated with TCI states associated with SSB of another PCI.
Proposal 12: 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 13: 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 14: Spatial relation and power control related configurations should be enhanced for SRS, PUCCH, PUSCH transmission towards target cell.
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Appendix: simulation assumptions

SLS assumption for eMBB multi-TRP 
	Parameters
	Value

	Duplex, Waveform
	FDD, OFDM 

	Multiple access
	OFDMA 

	Scenario
	Indoor hotspot (InH)

	Frequency Range
	FR2: 30GHz，80MHz BW and 120kHz SCS；

	Channel model
	According to the TR 38.901

	Channel estimator
	Ideal

	Receiver
	MMSE IRC

	Rank candidate
	Transmission layer 1 or 2 per TRP

	CSI feedback period
	4ms

	CSI feedback delay
	5ms

	CQI/MCS table
	Embb 256QAM

	Traffic model
	FTP1

	Packet Size
	4Mbit

	Antenna setup and port layouts at TRP
	2 ports: (4,4,2,1,1) for 30GHz
(Mp,Np) = (1, 2)

	Antenna setup and port layouts at UE
	For 30 GHz: (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ.
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