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[bookmark: _Ref32248407]Introduction
In [1], it is agreed to extend specification support for multi-TRP deployment, targeting both FR1 and FR2 with the detailed objectives as follows.
1. 
2. 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

Furthermore, in RAN1#103-e [2], the following agreement was reached:
	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




In this paper, we share our views on item 2b, which relates to QCL/TCI-related enhancements to enable inter-cell multi-TRP operation. 





QCL/TCI-related enhancements for inter-cell multi-TRP operation

Potential QCL/TCI enhancements for inter-cell multi-TRP operation in NR Rel. 17
In RAN1#103-e, it was agreed that RRC configuration of non-serving cells would be introduced to support QCL/TCI enhancements to enable inter-cell M-TRP operation. This non-serving cell information would be introduced at least in the case where a neighbour cell SS/PBCH block were to be an indirect QCL source for PDCCH/PDSCH transmissions coming from a non-serving cell TRP. In our understanding, this corresponds to the following use-case:
[image: ]
Figure 1: Neighbour cell SS/PBCH block as indirect QCL source for inter-cell M-TRP operation

TCI states include the higher-layer parameter QCL-Info, which further includes the higher-layer parameter referenceSignal, which corresponds to the QCL source. The ASN.1 representation of TCI states is provided below for reference:
-- ASN1START
-- TAG-TCI-STATE-START

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},
    ...
}

-- TAG-TCI-STATE-STOP
-- ASN1STOP
Figure 2: ASN.1 representation of TCI state

As can be seen from Figure 1, when the QCL source referenced by a TCI state is a SS/PBCH block, only its index is provided, which is clearly insufficient for inter-cell M-TRP operation. Note that, following QCL chain defined in 38.214, the QCL source of TRS can only be SS/PBCH block of the serving cell. Therefore the configuration defined in legacy system would provide the UE a wrong source of the QCL chain.
In order to uniquely identify the neighbour cell SS/PBCH block, the UE would need to explicitly know the PCI, the centre-frequency of the SS/PBCH block and the subcarrier spacing of the SS/PBCH block. However it was agreed in RAN1#103-e that for L1/L2-based mobility that the scope of the measurements would be based on intra-frequency measurements, i.e. that SS/PBCH blocks are using the same centre frequency and subcarrier spacing. The assumption is also applicable in the context of this agenda, i.e. the UE only needs the PCI to find the appropriate neighbour SS/PBCH block. Also, for multi-DCI operation, it is already assumed that two TRPs would schedule the same BWP.
In case the neighbour cell reference signal is a NZP-CSI-RS, then there is no explicit need for the PCI as different TRPs can simply use different scrambling identities or CSI-RS indexes in order to differentiate themselves. The UE does not need PCI to decode/receive a CSI-RS resource. The agreement from RAN1#103-e that non-serving cell information can be associated with QCL information for a SS/PBCH block, however whether this association is explicit or implicit is still FFS. In our view, the PCI can be explicitly provided as part of the SS/PBCH block definition within the TCI state, as mentioned above.
In light of the above, we make the following proposal:
Proposal 1: Explicitly indicate the PCI of a neighbour cell in the SS/PBCH block configuration of referenceSignal in the QCL-Info of the TCI state.

Since Rel-16 multi-DCI multi-TRP operation assumes that PDCCHs are received within the same BWP, the natural assumption for Rel-17 inter-cell multi-TRP operation is that the neighbour cell SS/PBCH block is using the same SCS. Following the same logic: inter-cell multi-TRP operation as envisioned in Rel-17 only requires that a UE be aware of the resources where to find PDCCHs coming from the neighbour cell. Since we assumed in Rel-16 that CORESET#0 is by default associated to TRP#0, the reasonable assumption for Rel-17 inter-cell multi-TRP operation is that the NW will not ask the UE to monitor SI information from the neighbour TRP as the UE is not leaving its current serving cell. Thus: the resources used by the neighbour TRP are identified thanks to CORESETPoolIndex=1. However the key distinction of the multi-TRP framework is that the UE is only aware of one serving cell, therefore it is only aware of one C-RNTI when receiving PDCCHs from the neighbour cell:
Observation 1: Rel-17 inter-cell multi-TRP operation is assumed with the same SCS and the same C-RNTI as the serving cell, for PDCCH/PDSCH reception from the neighbour cell.

NZP-CSI-RSs can be transparently used by serving and neighbour cell as different TRPs will use different scrambling identities in order to differentiate themselves. This can be handled by NW implementation without any changes needed at the UE side. This basically allows us to link a PDCCH DMRS with a TRS transmitted by a non-serving cell, as shown in the Figure 3 below:
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Figure 3: M-DCI M-TRP transmission framework using non-serving cell SSB and TRS
 
In this solution, TRS#2 (shown in orange) is being transmitted by a neighbour cell and its QCL source is an SS/PBCH block (shown in orange) being transmitted by the same neighbour cell. This solution allows the UE to use neighbour TRS as QCL sources, and may need larger spec changes in order to support neighbour TRS as QCL sources. While TRS reception procedure by the UE for TRSs transmitted by a neighbour TRP may not require any changes to the current UE behaviour described in spec, TRSs that have a neighbour cell RS as QCL source would require a new UE behaviour to be specified. For instance: RAN1 will need to define conditions under which the UE can receive TRSs with a neighbour cell QCL source.
Observation 2: TRS reception procedure for TRSs using a neighbour cell RS as QCL source will need certain configuration restrictions for receiving given channels/RSs..

In addition to the solutions with enhancing the QCL relationship on SSB or TRS from non-serving cell, another potential solution to support inter-cell M-TRP operation is to use CSI-RS resources for RRM as a QCL source for PDCCH/PDSCH pairs transmitted by a non-serving cell, as shown in the Figure 3 below. Similar to first solution presented above in Figure 2, this solution allows the UE to use CSI-RS resources for RRM as QCL sources with reasonably small spec changes needed. 

[image: ]
Figure 3: M-DCI M-TRP transmission framework using CSI-RS for RRM

The key issue to solve to enable inter-cell M-TRP operation smoothly is to decouple reference signal configurations from the implicit binding to the PCI used by a serving cell, because CSI-RS for RRM are locally indexed under a PCI from the PCI list measurement configurations. This decoupling will allow the NW to indicate adequate QCL source when receiving a PDCCH/PDSCH pair transmitted by a TRP in a non-serving cell and will allow proper implementation of inter-cell multi-TRP operation. In light of the above, we make the following proposal:
Proposal 2:  Support using NZP-CSI-RS from a non-serving cell or CSI-RS for RRM associated with a non-serving cell as QCL source for multi-DCI multi-TRP transmission.
[bookmark: _GoBack]Reference signals such as SS/PBCH blocks and CSI-RS for RRM are configured in measurement objects (MOs). Each serving cell is associated with a measurement object identified by the higher layer parameter servingCellMO. Measurement objects provide configuration for SMTC windows and CSI-RS for mobility for a given frequency layer, i.e. a combination of a center frequency and a subcarrier spacing. In our understanding, since the intra-cell M-TRP framework from Rel-16 is based on TRPs using the same BWP to send overlapping PDSCH transmissions: inter-cell M-TRP operation needs to follow the same assumption. Using the MO associated to the serving cell, the UE can perform measurements on neighbor TRPs located on the same frequency layer as the serving cell. The existing mobility measurement and reporting framework already makes it possible to determine candidate neighbor TRPs for inter-cell M-TRP operation, therefore we do not see the need to make further enhancements to the mobility measurement and reporting framework. In light of this, we make the following observation:
Observation 3: Existing mobility measurement and reporting framework is sufficient for the purpose of determining candidate cooperative TRPs.

Current QCL indications can use SS/PBCH blocks or NZP-CSI-RS as QCL sources, where SS/PBCH blocks and NZP-CSI-RSs are both identified using their indexes. Enhancements to QCL indications in the context of inter-cell M-TRP operation can be made by adding signaling to link towards specific CSI-RS for mobility or SS/PBCH blocks from neighbor cells. In each MO, CSI-RSs for mobility are provided per cell, i.e. the addition of the PCI coupled with the identity of the CSI-RS for mobility can help the UE uniquely determine the CSI-RS for mobility to be used as a QCL source. CSI-RSs for mobility can also be associated with corresponding SS/PBCH blocks for timing reference purposes as well as QCL-TypeD association purposes. Typical configurations for tracking reference signals may include other QCL association types ranging from TypeA to TypeC, which would be useful to have for CSI-RS for mobility in the context of inter-cell M-TRP operation. In light of the above, we make the following proposal:
Proposal 3: Extend the applicability of QCL association type, such as QCL-TypeA/B/C, to CSI-RS for mobility for inter-cell M-TRP operation.

Summary of proposals
In this contribution, we provided our analysis of the technical issues that need to be solved in order to enable inter-cell multi-TRP operation. We make the following observations and proposals:
Observation 1: Rel-17 inter-cell multi-TRP operation is assumed with the same SCS and the same C-RNTI as the serving cell, for PDCCH/PDSCH reception from the neighbour cell.
Observation 2: TRS reception procedure for TRSs using a neighbour cell RS as QCL source will need certain configuration restrictions for receiving given channels/RSs..
Observation 3: Existing mobility measurement and reporting framework is sufficient for the purpose of determining candidate cooperative TRPs.
The following proposals are provided,
Proposal 1: Explicitly indicate the PCI of a neighbour cell in the SS/PBCH block configuration of referenceSignal in the QCL-Info of the TCI state.
Proposal 2:  Support using NZP-CSI-RS from a non-serving cell or CSI-RS for RRM associated with a non-serving cell as QCL source for multi-DCI multi-TRP transmission.
Proposal 3: Extend the applicability of QCL association type, such as QCL-TypeA/B/C, to CSI-RS for mobility for inter-cell M-TRP operation.
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