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1.   Introduction
[bookmark: _Hlk492027000]In [NR-98-17] email discussion, there were some discussions on how to support the inter-cell multi-TRP operation. The main agreement that referred to supporting inter-cell multi-TRP operation was the following,  
[bookmark: _Hlk19022108]Agreement
To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs
· one CORESET in a “PDCCH-config” corresponds to one TRP 
· FFS whether to increase the number of CORESETs per “PDCCH-config” more than 3
FFS: UE monitoring/decoding behavior for multiple PDCCHs.
Include in LS to RAN2

However, due to the limited time available during the last stage of Rel-16, the following conclusion was made, 
Conclusion
The following is not supported in Rel-16 due to lack of consensus and time:
· Enhancement on TCI framework by indicating SSB/PCI from a non-serving cell for multi-TRP/panel transmission for an inter-cell scenario

In the Rel-17 work item for enhancements on MIMO for NR includes an objective to extend specification support for inter-cell multi-TRP operation was agreed together with few other objectives as follows [1]:
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, we focus on the enhancement to support inter-cell multi-TRP operation. 
[bookmark: _Hlk528168953]2.	Discussion
2.1	Background 
When the inter-cell multi-TRP operation is supported, the UE should be capable of receiving a PDSCH transmission from a cell that they have not done the initial access. Even though the network uses different cells when supporting M-TRP, the understanding from the UE perspective is that different TRPs (cells) still using CORESETs in pdcch-config when scheduling multi-TRP transmission. This may require the UE to synchronize and perform measurements for a TRP that represents another cell. This procedure was not discussed or agreed in the previous RAN1 meetings. 
Some companies express the views that REL-15/16 QCL framework can be still used, for example, use QCL source as TRS from the second TRP (and use QCL-type as Type C) could still work for inter-cell multi-TRP support. Here, the TRS coming from the second TRP shall be used by the UE to estimate Doppler shift and average delay, which is later use as the QCL reference. However, there will be associated with UE complexity when finding the correct offsets to receive the TRS from the second TRP, and performance impacts on using such estimations have not been studied in the multi-TRP discussion. Also, this may be applicable only for certain situations of FR1 and well-synchronized network. However, the multi-TRP support also important for FR2 and multi-panel (MP)-UEs where existing REL-15/16 framework may not be enough. 
The other approach is mainly based on the enhancement on TCI framework by indicating SSB/PCI from a non-serving cell for multi-TRP/panel transmission for an inter-cell scenario. As the SSB index value space is defined to be unique within a serving cell thus to be able to use the non-serving cell SSB as QCL source, an additional indication would be needed. As an example, a new referenceSignal parameter could be added to the TCI State QCL Info where the parameter indicates in addition to the SSB index the associated PCI value. This would enable the configuration of non-serving cell SSB as a TCI state for UE. In addition, to support L1 beam reporting the non-serving cell SSB should be able to be indicated in the CSI-SSB-ResourceSet. An example change would be, from 38.331 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 {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
ssb-PCI                         PhysCellID 						 OPTIONAL, -- Cond SSB-Indicated

    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}


2.2 	Inter-Cell Multi TRP configuration Options
Here, we list few possible configuration options that may be possible when supporting inter-cell multi-DCI based multi-TRP. 
2.2.1 Inter Cell M-TRP as SCell (CA Approach)
As we already highlighted before, the question is how to support the use of SSBs from another cell as the QCL reference to support the inter-cell multi-TRP scenario. This could be done by an extension of the TCI framework, for example, a similar extension like in CA where a different ServCellIndex can be (indicated in QCL-Info in TCI-state) used. This could be easily extended to refer non-serving cell in M-TRP. Also, with the CA like extension for inter-cell multi-TRP the current beam management framework could be reused i.e. beam management (TCI State configuration, CORESETs, activation, measurement reporting) would be configured as if the cell would be an SCell. The CA approach is illustrated in Figure 1. 
[bookmark: _Ref47624146]Observation 1: With CA approach the current beam management framework could be reused to support inter-cell multi-DCI based multi-TRP operation. 
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[bookmark: _Ref44074838]Figure 1. illustration of carrier aggregation approach with inter-cell MTRP cell configured as SCell

Currently, when an additional cell is configured as a serving cell for UE it is understood by UE as SCell configuration. To utilize CA approach, a mechanism to differentiate the serving cell configuration from being an SCell and inter-cell M-TRP would be needed. This approach could add more complexity to the SCell operation.
[bookmark: _Ref47685940]Observation 2: With CA approach, a mechanism to differentiate serving cell being an SCell or a non-serving cell in M-TRP would be needed. 
When considering the use of SSB of the non-serving cell as a QCL source the CA approach would support it through the “ServCellIndex“ -parameter without adding the explicit PCI value that is associated with the SSB index. 38.331, the TCI State IE:
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},
    ...
}

However, the CA approach was not considered in Rel-16, and may require careful consideration when that is only used for inter-cell multi-TRP operation. We think that introducing a different framework may not be possible now and the focus of the WI is mainly on QCL/TCI-related enhancements to enable inter-cell multi-TRP operations assuming multi-DCI based multi-PDSCH reception framework in Rel-16. 

[bookmark: _Ref47685941]Observation 3: Inter-cell multi-TRP operation with CA approach may not be feasible anymore due to the changes required in basic design principals of multi-DCI based multi-TRP operation. 
2.2.2 Inter-Cell M-TRP as separate BWP
As another option for the inter-cell M-TRP, the non-serving cell could be configured as additional/separate BWP (BWP ID) for the PCell. As opposed to CA framework, instead of configuring PCell and additionally the inter-cell MTRP as an SCell for the cell group, UE would have the inter cell M-TRP configuration within the serving cell (PCell) configuration as a specific BWP configuration (Figure 2). 
[image: ]
Figure 2. BWP of the serving cell and BWP of the non-serving cell (inter-cell MTRP cell) under same serving cell configuration
In this approach however, it would require that more than one DL BWP would be active for one serving cell when multi TRP communication is configured. On the other hand, in case of L1/L2 mobility, the UE would have only one active DL BWP and BWP could be switched when UE is handed over or configured to monitor PDCCH on the non-serving cell. Additionally, BWP configuration would need an indication that it is for the inter-cell M-TRP purposes. The benefit of having the inter-cell MTRP configuration as separate BWP is that it would allow flexible configuration and cell-specific BWP configuration. Also, the current beam management framework supports BWP specific signaling.
[bookmark: _Ref47685942]Observation 4: Inter-cell multi-TRP operation with separate BWPs, the existing beam management signaling can be reused. 
However, the UE may not be able to receive from two different BWPs and fundamental requirement of multi-DCI based multi-TRP was to use the same BWP. This fundamental requirement shall be guaranteed by making these two BWPs are equal to one another, but used only for the purpose of interpreting beam management signaling. 
Another issue that may be still visible in this separate BWP approach is on the PDCCH reception on inter-cell MTRP cell, where the beam management framework would need to be updated so that the SSB of a non-serving cell shall be used as QCL source for TRS either by associating the SSB index with a PCI or associating the SSBs of the BWP of the non-serving cell through some other means. 
With these restrictions, although the discussed approach would allow cell-specific BWP configuration it may not be a straightforward solution in Rel-17 compared to the next approach we discuss.   
[bookmark: _Ref47685943]Observation 5: Inter-cell multi-TRP operation with different BWP approach may not be suitable as it differs from the basic framework of multi-DCI based multi-TRP operation.

2.2.3 Inter-Cell MTRP as part of PCell BWP configuration
With common BWP configuration (Figure 3), the non-serving cell M-TRP is considered as a part of the active BWP configuration, which is similar to Rel-16 multi-DCI based M-TRP framework. The non-serving cell beam management RS would need to be identified by UE i.e. at least the SSB index configured as TCI State need to be associated with a PCI value (or other relevant identifier that separates the serving cell and non-serving cell). Furthermore, to enable beam management measurements and reporting, the non-serving cell SSB should be able to be indicated in the CSI-SSB-ResourceSet. The CSI-SSB-ResourceSet list contains SSB-index which implicitly refers to the serving cell SSB-index space and thus to support SSB-based beam management measurements on non-serving cells it should be possible to indicate the associated PCI for the SSB-index space in the information element. 
From 38.331:
CSI-SSB-ResourceSet
[bookmark: _GoBack]
The IE CSI-SSB-ResourceSet is used to configure one SS/PBCH block resource set which refers to SS/PBCH as indicated in ServingCellConfigCommon.
CSI-SSB-ResourceSet information element
-- ASN1START
-- TAG-CSI-SSB-RESOURCESET-START

CSI-SSB-ResourceSet ::=             SEQUENCE {
    csi-SSB-ResourceSetId               CSI-SSB-ResourceSetId,
    csi-SSB-ResourceList                SEQUENCE (SIZE(1..maxNrofCSI-SSB-ResourcePerSet)) OF SSB-Index,
    ...
}

-- TAG-CSI-SSB-RESOURCESET-STOP
-- ASN1STOP
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[bookmark: _Ref47613456]Figure 3. BWP of the serving cell and BWP of the non-serving cell (inter-cell MTRP cell) under same serving cell configuration

For UE to understand that a CORESET or set of CORESETs are transmitted from a TRP associated with non-serving cell, UE may need to be explicitly indicated that CORESETs under same CORESETpoolIndex are associated with a non-serving cell. Alternatively, UE may be able to determine the inter-cell MTRP configuration implicitly based on the RS or the QCL source RS indicated by the active TCI state for PDCCH (in multi-DCI MTRP). For PDCCH reception, when a UE receives activation for a TCI state for PDCCH, it can determine based on the QCL chain (QCL source info) that the RS indicated by the TCI state is associated with non-serving cell. The TCI State framework would need to be updated so that e.g. SSB can be associated with a specific PCI.  
[bookmark: _Ref47686095]Proposal 1: For inter-cell multi-DCI based multi-TRP support, extend the TCI framework using the Rel-16 multi-DCI based multi-TRP framework, where the QCL reference Signal can be an SSB associated with a specific PCI. 


2.3 Inter-cell M-TRP and L1/L2 Centric Mobility
The feMIMO work item aims to specify the further enhancements identified for NR MIMO L1/L2 centric mobility as well, where the detailed objectives for multi-beam operation are as follows: 
	The work item aims to specify the further enhancements identified for NR MIMO. The detailed objectives are as follows:

· Extend specification support in the following areas [RAN1]
2. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection




As the feMIMO WI considers both inter-cell multi-TRP and L1/L2 centric mobility the relationship between those features should be first clarified i.e. are they overlapping or separate features (and how much potential overlap) or whether they can be studied and specified in joint framework. As inter-cell multi-TRP operation shall be supported and the main proposal relies on associating SSB of non-serving cells as QCL references, it makes sense that the same solution to be used in the L1/L2 centric mobility discussion. 

[bookmark: _Ref47686096]Proposal 2: RAN1 to discuss and clarify the scope of L1/L2 centric mobility and the relationship to inter-cell multi-TRP, and L1/L2 centric mobility may refer to the same solution that will be defined to the inter-cell multi-TRP. 


3 Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we discuss first sub objective of the multi-TRP/panel transmission. The following proposals are made.
Observation 1: With CA approach the current beam management framework could be reused to support inter-cell multi-DCI based multi-TRP operation.
Observation 2: With CA approach, a mechanism to differentiate serving cell being an SCell or a non-serving cell in M-TRP would be needed.
Observation 3: Inter-cell multi-TRP operation with CA approach may not be feasible anymore due to the changes required in basic design principals of multi-DCI based multi-TRP operation.
Observation 4: Inter-cell multi-TRP operation with separate BWPs, the existing beam management signaling can be reused.
Observation 5: Inter-cell multi-TRP operation with different BWP approach may not be suitable as it differs from the basic framework of multi-DCI based multi-TRP operation. 

Proposal 1: For inter-cell multi-DCI based multi-TRP support, extend the TCI framework using the Rel-16 multi-DCI based multi-TRP framework, where the QCL reference Signal can be an SSB associated with a specific PCI.
Proposal 2: RAN1 to discuss and clarify the scope of L1/L2 centric mobility and the relationship to inter-cell multi-TRP, and L1/L2 centric mobility may refer to the same solution that will be defined to the inter-cell multi-TRP. 
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