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1. INTRODUCTION
In this contribution we address the M-TRP enhancements targeting inter-cell operation, as per Rel-17 WID on NR MIMO that defines the general scope of this sub-topic [1]. We are listing for convenience the WID details related to this topic:

	· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
· Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception




In this contribution, we discuss the possible QCL/TCI improvements that would enable the inter-cell M-TRP operation.

2. BACKGROUND 

During the Rel-16 MIMO work, the objective of M-TRP discussion centered around PDSCH improvements for intra-cell operation, and hence developing support for inter-cell M-TRP was postponed to Rel-17. As outlined by the WID, the focus of enhancements to enable inter-cell M-TRP operation in Rel-17 is to create a new set of procedures to enhance QCL/TCI-related mechanisms. 

According to the current specifications, a UE can only obtain a QCL/TCI configuration after establishing an RRC configuration. A UE needs to acquire cell synchronization, detect PBCH and decode MIB before it can establish an RRC configuration. After the initial RRC configuration, depending on the reference signal and its usage, a UE can be indicated or configured to a specific TCI state through RRC, MAC CE, DCI signaling or a combination thereof. Therefore, given the existing procedure, a UE cannot make any QCL/TCI assumptions for a transmission from a neighboring cell that it is not anchored on.

On the other hand, as part of the mobility management process, a UE can perform SSB and CSI-RS measurements by relying on the configured PCI list of neighboring cell. However, as it is discussed in the next section, the existing provision in mobility measurement configuration is not sufficient for TCI/QCL indication for M-TRP, and some minor changes on configuration and reporting process may be needed. 

3. ENHANCEMENT OF TCI/QCL
3.1 [bookmark: _Hlk38869583]TCI/QCL EXTENSION

In a multi-DCI-based M-TRP inter-cell transmission, the different TRPs participating in the PDSCH transmission do not have adequate synchronization and time alignment.  Therefore, the existing measurement and reference signal configuration cannot accommodate the required support for such scenario. This is exacerbated by the UE’s lack of knowledge of the fundamental relation of the SSB and CSI-RS from the non-serving cell. Since an unsynchronized UE cannot have any knowledge about the SSB signals of a different cell, it cannot obtain any information related to TCI/QCL configuration.
Moreover, processing of CSI-RS of a neighbour cell still requires performing PSS/SSS-based synchronization and SSB detection of the adjacent cell. Attempting to acquire synchronization only based on a CSI-RS is neither efficient nor practical because of requiring additional CSI-RS and higher UE receiver complexity.

Therefore, we believe that the simplest way to avoid potential high UE complexity is to include PCI information of the neighbouring serving cells into the TCI configuration. This calls for the gNB to support an inter-cell M-TRP UE with all required information of the participating cell.

Observation 1: The PCI code must be known by the UE to perform and report the beam measurements correctly.

Proposal 1: Extend the TCI state configuration with the PCI information.


3.2 UE MEASUREMENTS FOR M-TRP INTER-CELL OPERATION 

An inter-cell M-TRP operation would be always configured when a UE is already operating in the CONNECTED mode under a single cell, and then a second cell TRP may added. Therefore, one way to extend TCI/QCL framework can be through the measurement object configured in the CONNECTED mode. 
Based on the current RRC measurement object configuration in Table 1 [2], a UE can be configured with neighbor cells indicating the PCI, and all details related to the SSB blocks, SMTC1/SMTC2, CSI-RS and so on. Therefore, if PCI of the second M-TRP cell is provided to the UE, the resulting measurement report would provide sufficient information to the gNB through the RRC measurement report configuration.

Observation 2: The network needs appropriate measurements information for the second cell TRP before configuring the UE for inter-cell M-TRP operation. 

[bookmark: _Ref47357635]Table 1
	MeasResultListNR ::=             SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultNR

MeasResultNR ::=                 SEQUENCE {
    physCellId                       PhysCellId                                               OPTIONAL,
   measResult                       SEQUENCE{
   cellResults                      SEQUENCE{
          resultsSSB-Cell                  MeasQuantityResults                                OPTIONAL,
          resultsCSI-RS-Cell               MeasQuantityResults                                OPTIONAL
      },
      rsIndexResults                   SEQUENCE{
          resultsSSB-Indexes               ResultsPerSSB-IndexList                            OPTIONAL,
          resultsCSI-RS-Indexes            ResultsPerCSI-RS-IndexList                         OPTIONAL
        }                                                                                     OPTIONAL
    },
    ...,
    [[
    cgi-Info                         CGI-InfoNR                                               OPTIONAL
    ]]
}



Thus, assuming availability of PCI information of a second cell at a UE, the UE configured in an inter-cell M-TRP transmission could perform relevant measurements to support determination and configuration of TCI/QCL for transmissions from the second cell.

Proposal 2: Use the existing UE measurement configuration/report framework that supports gNB with required measurements for TCI/QCL configuration of the secondary cell. 



4. CONCLUSIONS
This contribution discussed potential enhancement for inter-cell M-TRP operation. Based on the presented discussion, we make the following observations and proposals,

Observation 1: The PCI code must be known by UE to perform and report the beam measurements correctly.

Observation 2: The network needs appropriate measurements information for the second cell TRP before configuring the UE for inter-cell M-TRP operation. 

Proposal 1: Extend the TCI state configuration with the PCI information.

Proposal 2: Use the existing UE measurement configuration/report framework that supports gNB with required measurements for TCI/QCL configuration of the secondary cell. 
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