3GPP TSG-RAN WG1 Meeting #104-e	Tdoc R1-2101144
e-Meeting, January 25th – February 6th, 2021

Agenda Item:	8.1.2.2
Source:	Ericsson
Title:	Enhancement on Multi-TRP inter-cell operation
Document for:	Discussion, Decision

1	Introduction
On RAN1#103-e meeting, inter-cell operation for Multi-TRP was discussed with agreement made below [1]:
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 behaviour related to non-serving cell SSB.

In this contribution, we discuss some of the details and share our views.
[bookmark: _Ref178064866]2	Discussion

On RAN1#103e meeting, information provided by SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject was agreed to be used as starting point for possible scope to derive inter-cell information, which is a good way to identify what shall be supported to be different between serving cell and non-serving cell. However, we should keep in mind that the structure of ASN is expertise and decided by RAN2, in RAN1 the focus is on the L1 functionality to support inter-cell.
[bookmark: _Toc61891583]RAN1 progress on inter-cell get deviated when the discussion is around the RRC configuration of introducing non-serving additional cell.
[bookmark: _Toc61891694]RAN1 discussion on inter-cell shall focus on the physical layer functionality instead of how to configure the additional cell.

To manage the RAN1 discussion on introducing inter-cell operation for multi-TRP, we hereby provide the basic functionality that we believe is most essential to support this feature (and which has a high probability to actually be implemented in real networks). In our view, we should, to have any progress in this topic, settle the basic functionality first and then further discuss enhancements on top of this. 
2.1 Basic functionality to supported inter-cell operation
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Figure 1
Based on what has already been supported in Rel-16 for multi-DCI Multi-TRP scenario, if associated with different CORESETPoolIndex, the reception of PDCCH and PDSCH from different TRPs is supported. In addition, PUCCH to transmit ACK/NACK for different TRPs is also already supported. In the most basic enhancement, Rel-17 Multi-TRP operation can be extended such that a TRP can be associated with a Physical Cell ID that is different from the serving cell. 
A typical service scenario is illustrated in Figure 1, where a UE is located in the cell range of PCI-1. Within PCI-1, two cells with smaller cell range are installed to boost the PCI-1 performance. A UE moving to the cell edge of PCI-2 cell can receive PDCCH and PDSCH from PCI-2 cell without being hand-over to PCI-2. Note that the PDCCH and PDSCH sent from PCI-2 are using UE specific scrambling and from this perspective, it is agnostic to the UE from which cell TRP these are transmitted. The PDCCH and PDSCH scrambling are using C-RNTI from the serving cell.
From network perspective, the non-serving cell can be any neighbouring cell that has its cell coverage overlap with the serving cell, if UE can receive data from neighbouring cell as much as possible without performing a handover to the neighbouring cell. 
This would reduce the signalling overhead associated with random access procedure and improve the resource efficiency. From UE perspective, supporting of data reception on non-serving cell can improve UE performance. UE shall follow the common signalling, SIBx and paging, of serving cell only, and support only the dedicated signalling associated with the additional cell. 
Note that this is very much how inter-cell multi-TRP operation works in LTE already. 
[bookmark: _Toc61891695]UE shall follow the common signalling, system information, paging, from serving cell only.
Multi-DCI M-TRP operation for inter-cell has the highest priority for inter-cell operation and belongs to the most basic scheme in our view. Any single DCI based inter-cell support can be discussed later if time allows. 
A UE supporting inter-cell Multi-TRP shall be able to receive UE specific SS based PDCCH and PDSCH from the non-serving cell within the agreed minimum scope.

[bookmark: _Toc61891696]Dedicated PDCCH and PDSCH reception associated with an additional cell shall be supported by reusing the Multi-DCI Multi-TRP framework


For both network and gNB the enhancement comes with a cost of implementation complexity that is scaled with the differences between non-serving cell and serving cell. To which extent can the configurations associate with non-serving additional cell being configured differently from serving cell?
To which level of different configurations of the non-serving cell can be supported in Rel-17? What is the minimum scope of configurations that is achievable? Is there a larger scope of configurations that can also be considered?
Firstly, we can consider a non-serving cell with “identical” configurations to the serving cell as minimum scope of additional cell to be supported in Rel-17. Hence, RAN1 should assume a multi-TRP “friendly” deployment, where networks configurations (which are part of the network side implementation) are made to enable the multi-TRP use case as much as possible. Therefore, RAN1 only need to discuss (in this basic scheme) the differences between TRPs that are absolutely necessary.  
Hence, the SSB position can be different to distinguish the spatial allocation of the TRP, all other configurations are the same.  
[bookmark: _Toc61891584]A minimum set of configurations for introducing non-serving cell shall be discussed first as part of the basic framework.

As the non-serving cell for UE A can be a serving cell for UE B, the parameters define the non-serving cell which may be overlapping with the information provided in servingCellConfigCommon. Including the physCellID and SSB configuration as minimum set of configurations shall be supported to be different from serving Cell. 
ServingCellConfigCommon ::=         SEQUENCE {
    physCellId                          PhysCellId                                                          OPTIONAL,   -- Cond HOAndServCellAdd,
    downlinkConfigCommon                DownlinkConfigCommon                                                OPTIONAL,   -- Cond HOAndServCellAdd
    uplinkConfigCommon                  UplinkConfigCommon                                                  OPTIONAL,   -- Need M
    supplementaryUplinkConfig           UplinkConfigCommon                                                  OPTIONAL,   -- Need S
    n-TimingAdvanceOffset               ENUMERATED { n0, n25600, n39936 }                                   OPTIONAL,   -- Need S
    ssb-PositionsInBurst                CHOICE {
        shortBitmap                         BIT STRING (SIZE (4)),
        mediumBitmap                        BIT STRING (SIZE (8)),
        longBitmap                          BIT STRING (SIZE (64))
    }                                                                                                       OPTIONAL, -- Cond AbsFreqSSB
    ssb-periodicityServingCell          ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2, spare1 }   OPTIONAL, -- Need S
    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},
    lte-CRS-ToMatchAround               SetupRelease { RateMatchPatternLTE-CRS }                            OPTIONAL, -- Need M
    rateMatchPatternToAddModList        SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPattern   OPTIONAL, -- Need N
    rateMatchPatternToReleaseList       SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPatternId OPTIONAL, -- Need N
    ssbSubcarrierSpacing                SubcarrierSpacing                                                   OPTIONAL, -- Cond HOAndServCellWithSSB
    tdd-UL-DL-ConfigurationCommon       TDD-UL-DL-ConfigCommon                                              OPTIONAL, -- Cond TDD
    ss-PBCH-BlockPower                  INTEGER (-60..50),
    ...,
    [[
    channelAccessMode-r16               CHOICE {
        dynamic                             NULL,
        semiStatic                          SemiStaticChannelAccessConfig
    }                                                                                                       OPTIONAL, -- Cond SharedSpectrum
    discoveryBurstWindowLength-r16          ENUMERATED {ms0dot5, ms1, ms2, ms3, ms4, ms5}                   OPTIONAL, -- Need R
    ssb-PositionQCL-r16                     SSB-PositionQCL-Relation-r16                                    OPTIONAL, -- Cond SharedSpectrum
    highSpeedConfig-r16                     HighSpeedConfig-r16                                             OPTIONAL  -- Need R
    ]]
}

The highlighted green parameters are an example of the minimum set of configurable parameters for the non-serving cell in order to support the basic functionality.
[bookmark: _Toc61891697]In inter-cell multi-TRP operation, PCI and SSB configurations can be configured additionally and differently compared to the serving cell in order to introduce reception/transmission from/to a TRP belonging to an additional cell. 
Once the minimum set of configurations get agreed, an additional second set of parameters could be considered for Rel-17 also in order to provide a bit more flexibility on cell configuration. One example is the time and frequency domain resource allocation being different from serving cell.

2.4 QCL/TCI association with additional PCI
The multi-TRP operation for multi-PDSCH reception relies on two abstractions:
· CSI report configurations, which includes descriptions of the reference signals that are used as targets for the measurements
· TCI states, which contains information about QCL:ed reference signals to simplify PDSCH reception at the UE.
Both the CSI report configurations and the TCI states are configured via RRC. 
To facilitate inter-cell multi-TRP operation, we can make use of these two abstractions, by simply modifying the configuration of the CSI reports and the TCI states:
[bookmark: _Toc47366855][bookmark: _Toc54391033][bookmark: _Toc61891585]To facilitate inter-cell multi-TRP operation, the CSI report configurations and the TCI needs to be updated.
However, there is no need to introduce any fundamentally new procedure: we simply extend the existing procedures. Here, the CSI report configuration is needed to be able to report on SSB’s of non-serving cells. This will be handled in the multi-beam part of this WI. The measurement of SSBs has a longer time scale compared to measurements on CSI-RS, which is a fast operation. The fast operation is more critical to multi-TRP operation (while beam management is “slower”). 
Hence, we suggest that in this multi-TRP part of the WI, we only need to consider the CSI-RS based measurements from TRP with additional PCI and can assume that the discovery and selection of SSBs has already been done (and will be handled in multi-beam part of the WI). Thereby, it is enough to modify the TCI states so that reference signals in non-serving cells can be used.
To provide a reference signal in a non-serving cell to a UE, the physical cell identity (PCI) should be included in the RRC configuration of the TCI states, at least for TCI states containing SSB:
[bookmark: _Toc47366863][bookmark: _Toc47707678][bookmark: _Toc54391092][bookmark: _Toc61891698]Include a PCI in the TCI state (at least for TCI states referring to an SSB) to facilitate the use of reference signals from a TRP of a cell which is not the serving cell as QCL source RS.
The PCI could be included in the TCI state itself, meaning that it would apply to the one or both QCL-info(s) that are part of the TCI state, or it can be part of the separate QCL-info. Both options would provide the required functionality. 
By extending a TCI state with a PCI, it becomes possible to use SSBs from non-serving cells as QCL source RS. This includes performing measurements on CSI-RS. A CSI-RS resource has a QCL source RS, thus by allowing that QCL source RS to point to an SSB in a non-serving cell, it becomes possible to perform measurements on the CSI-RS, even when the CSI-RS is transmitted from a non-serving cell. It also includes reception of a PDSCH or a PDCCH from an additional cell, i.e., a TCI state contains a TRS as the QCL source RS for DM-RS and the TRS is QCLed with an SSB+PCI as the QCL source RS.
[bookmark: _Toc47366856][bookmark: _Toc54391034][bookmark: _Toc61891586]By introducing a PCI in a TCI state, the UE may be configured to perform measurements on CSI-RS transmitted from a TRP of a cell which is not the serving cell
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Conclusion
In the previous sections we made the following observations: 
Observation 1	RAN1 progress on inter-cell get deviated when the discussion is around the RRC configuration of introducing non-serving additional cell.
Observation 2	A minimum set of configurations for introducing non-serving cell shall be discussed first as part of the basic framework.
Observation 3	To facilitate inter-cell multi-TRP operation, the CSI report configurations and the TCI needs to be updated.
Observation 4	By introducing a PCI in a TCI state, the UE may be configured to perform measurements on CSI-RS transmitted from a TRP of a cell which is not the serving cell


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 discussion on inter-cell shall focus on the physical layer functionality instead of how to configure the additional cell.
Proposal 2	UE shall follow the common signalling, system information, paging, from serving cell only.
Proposal 3	Dedicated PDCCH and PDSCH reception associated with an additional cell shall be supported by reusing the Multi-DCI Multi-TRP framework
Proposal 4	In inter-cell multi-TRP operation, PCI and SSB configurations can be configured additionally and differently compared to the serving cell in order to introduce reception/transmission from/to a TRP belonging to an additional cell.
Proposal 5	Include a PCI in the TCI state (at least for TCI states referring to an SSB) to facilitate the use of reference signals from a TRP of a cell which is not the serving cell as QCL source RS.
[bookmark: _GoBack] 
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