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1. Introduction
[bookmark: _Hlk492027000]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. Based on RAN #92-e outcome, the Rel-17 feMIMO WI was revised as below [1], however the scope of inter-cell multi-TRP operation was not fully affected. 

1. 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 for intra-cell and inter-cell scenarios to support higher UE speed 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)
iv. For inter-cell beam management, a UE can transmit to or receive from only a single cell (i.e. serving cell does not change when beam selection is done). This includes L1-only measurement/reporting (i.e. no L3 impact) and beam indication associated with cell(s) with any Physical Cell ID(s) 
1. The beam indication is based on Rel-17 unified TCI framework
2. The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
3. This work shall only consider intra-DU and intra-frequency cases
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 
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 based on Rel-15/16 TCI framework
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
…

Based on RAN1 #106-e [2] and 106bis-e [3] discussions, RAN1 further agreed to the following, 


Agreement
· For inter-cell mTRP , one PCI associated with one or more of activated TCI states for PDSCH/PDCCH is associated with one CORESETPoolIndex , another PCI associated with one or more of activated TCI states for PDSCH/PDCCH is associated with another CORESETPoolIndex 
· FFS : The association between PCI and CORESETPoolIndex when switching between intra-cell mTRP and inter-cell mTRP 


Agreement
LS to RAN2 on multi-TRP inter-cell is endorsed in R1-2108633.

In this contribution, we discuss remaining details to support the inter-cell multi-TRP operation. 
2.  Discussion
[bookmark: _Hlk528168953]2.1  Inter Cell mTRP Configuration 



In RAN1 #106-e meeting, the following was agreed, 

Agreement
· For inter-cell mTRP , one PCI associated with one or more of activated TCI states for PDSCH/PDCCH is associated with one CORESETPoolIndex , another PCI associated with one or more of activated TCI states for PDSCH/PDCCH is associated with another CORESETPoolIndex 
· FFS : The association between PCI and CORESETPoolIndex when switching between intra-cell mTRP and inter-cell mTRP 

On the above agreement above, we think that the following parts are not fully clear. 
· Can a single PCI associated with more than one CORESETPoolIndex (intra-cell operation) ?
· Whether CORESETPoolIndex is always configured or not. If CORESETPoolIndex is not configured, how the association between a PCI and CORESETPoolIndex work ? 

When it comes to supporting multi-DCI based multi-TRP operation in Rel-17, we think RAN1 shall look beyond RRC configurations such as CORESETPoolIndex. For that, we see following ways of supporting inter-cell multi-TRP operation: 

· [bookmark: _Hlk79066451]Option 1: Configuring two different values for CORESETPoolIndex and different PCI are associated with different CORESETPoolIndex values to support inter-cell multi-DCI based multi-TRP operation. 
· This option is in line with explicit configuration of CORESETPoolIndex. 
· Intra-cell multi-TRP operation : The UE may follow multi-DCI mTRP operation when TCI states of CORESETs are associated with the same PCI. The UE may (or may not. TBD) operate with intra-cell mTRP operation with a PCI other than serving cell PCI. 
· Option 2: If there is no configuration of CORESETPoolIndex. 
· Option 2-1: The UE can assume multi-DCI multi-TRP operation when two PCIs are associated with CORESETs (or PDSCH). S-TRP operation is considered when there is only one PCI. 
· Here, CORESET configuration may not need configuring CORESETpoolindex but the UE may assume inter-cell multi-DCI multi-TRP operation when it is having CORESETs associated with at least two different PCIs. 
· An association between active PCIs (coming from activated TCI states of CORESETs) and CORESETPoolindex may be needed in order to follow the Rel-16 defined multi-DCI based multi-TRP operation. The UE may follow multi-DCI mTPR operation based on the PCIs associated with the indicated TCI states and assume mTRP-like operation as if the CORESETPoolIndex would be configured. 
· Option 2-2: The UE can assume S-DCI operation when two PCIs are associated with CORESETs (or PDSCH). This may follow inter-cell beam management like framework but with Rel-15/16 TCI framework. 

We think it is beneficial to support at least Option 1 and Option 2-1 from above combinations as the Option 2-1 seems also providing another possibility of supporting inter-cell multi-TRP operation is more dynamic manner. 
[bookmark: _Ref47686095][bookmark: _Ref61524301][bookmark: _Ref79154432][bookmark: _Ref83979141]Proposal 1: Support inter-cell multi-DCI based multi-TRP operation, for both cases of CORESETPoolIndex is configured and not configured.  
· When CORESETPoolIndex is configured, multi-DCI based multi-TRP operation is applied regardless that CORESETPoolIndex values are associated with the same PCI or different PCIs. i.e. inter-cell multi-DCI multi-TRP or intra-cell multi-DCI multi-TRP operations. 
· When CORESETPoolIndex is not configured but CORESETs are associated with two different PCIs, multi-DCI based multi-TRP operation is applied assuming that as if CORESETPoolIndex would be configured and CORESETPoolIndex are associated to different PCI. 
	
2.2  Rate matching




In RAN1#104-e, the following was agreed, 

Agreement
Agree on scheme1
· Scheme1: PDSCH/PDCCH from non-serving cell (PCI) associated with TCI state and/or QCL-info is rate matched around non-serving cell SSB with the same PCI
· FFS: whether PDSCH /PDCCH from serving cell (PCI) is rate matched around non-serving cell SSB 
· FFS: whether PDSCH/PDCCH from non-serving cell (PCI) associated with TCI state and/or QCL-info is rate matched around serving cell SSB

Considering the rate matching discussion during RAN1#107 meeting,, whether to support other rate matching behaviour than agreed in RAN1#104-e. Following draft proposal was made:
Proposal 1: 
· PDSCH/PDCCH from serving cell is rate matched around SSB (associated with activated TCI states) with PCI different from serving cell PCI
· Introduce a UE capability indicating above behaviour

In our view, no additional rate matching behaviour is needed, and we propose the following:
[bookmark: _Ref87006629]Proposal 2: Don’t support additional rate matching behaviour for inter-cell multi-TRP operation.

2.3  Activation of TCI states associated with different PCIs 


During RAN1#106b there was discussion on 3 options for intra-inter cell switching.
· Alt1: MAC CE based switching between intra-cell and inter-cell mTRP without additional spec impact, for PDSCH/PDCCH associated with one CORESETPoolIndex, MAC CE activates one or more TCI states associated with only one PCI at a time
· Alt2: dynamic indication on the serving cell to determine the PCI association with CORESETPoolIndex
· Alt3: RRC re-configuration is needed to switch between intra-cell mTRP and inter-cell mTRP.

In our view the MAC CE based switching is considered to be already supported. 
[bookmark: _Ref87006547]Observation 1: MAC CE based switching is already supported
The UE may receive MAC-CE activation command(s) for TCI state(s) for one or all of the CORESETs within a CORESETpoolindex, where the activation command may enable switching of the multi-DCI multi-TRP mode to be intra-cell, inter-cell, or to operate in intermediate state among intra-cell and inter-cell modes. 
In intra-cell and inter-cell switching, during the intermediate state the CORESETs under same CORESETpoolindex may have association with serving PCI and additional PCI. The UE should not assume scheduling from the CORESET with serving PCI if the latest indicted TCI state was associated with additional PCI under the same CORESETpoolindex.
Similar issue of intermediate state may also occur when switching from/to inter-cell multi-TRP to/from intra-cell multi-TRP operation result a scenario like, CORESETPoolIndex#0 may have active TCI states associated with PCI0, and CORESETPoolindex = 1 may have active TCI states associated with PCI0 and PCI1. 
[bookmark: _Ref87006630]Proposal 3Error! No sequence specified.: During the intermediate state (during the switching) between serving cell and different PCI, the UE is not required to monitor scheduling from a CORESET with associated with different PCI if the TCI state is associated with different PCI than the latest activated TCI state under the same CORESETpoolindex.

2.4  Beam Failure Recovery


RAN1 is currently specifying BFR enhancement for intra-cell mTRP. As the inter-cell mTPR expands the R16 intra cell framework, the beam failure recovery for mTRP could also be used for inter-cell mTRP.
[bookmark: _Ref83979144]Proposal 4: Apply Rel-17 BFR enhancement for mTRP also for inter-cell mTRP. 

3 Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we discuss the support of inter-cell multi-TRP/panel transmission. The following observations and proposals are made.
Observation 1: MAC CE based switching is already supported
Proposal 1: Support inter-cell multi-DCI based multi-TRP operation, for both cases of CORESETPoolIndex is configured and not configured.
· When CORESETPoolIndex is configured, multi-DCI based multi-TRP operation is applied regardless that CORESETPoolIndex values are associated with the same PCI or different PCIs. i.e. inter-cell multi-DCI multi-TRP or intra-cell multi-DCI multi-TRP operations. 
· When CORESETPoolIndex is not configured but CORESETs are associated with two different PCIs, multi-DCI based multi-TRP operation is applied assuming that as if CORESETPoolIndex would be configured and CORESETPoolIndex are associated to different PCI. 

Proposal 2: Don’t support additional rate matching behaviour for inter-cell multi-TRP operation.
Proposal 3: During the intermediate state (during the switching) between serving cell and different PCI, the UE is not required to monitor scheduling from a CORESET with associated with different PCI if the TCI state is associated with different PCI than the latest activated TCI state under the same CORESETpoolindex.
Proposal 4: Apply Rel-17 BFR enhancement for mTRP also for inter-cell mTRP.
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