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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 was first agreed together with few other objectives in [1] and further revised in [2]: Initial WI scope [1] was as follows, 
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 RAN1#102-e, following agreements were made [3]:
Agreement
Study the following aspects of QCL /TCI-related enhancement to enable inter-cell multi-DCI based multi-TRP operation.
· Details on configuration of non-serving cell RS;
· Allowed source and target RS types for RS transmitted from the non-serving cell TRP ;
· Allowed QCL types for RS transmitted from the non-serving cell TRP ;
· Measurement and reporting related to QCL /TCI enhancement except for that in 8.1.1, if any;
· Clarification on potential UE behavior for associating/multiplexing non-serving cell RS with other RS/channels;
· Other details not precluded.

In RAN1#103-e, following agreements were made [4]:

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 RAN1#104-e, following agreements were made:

Agreement
Non-serving cell information at least includes non-serving cell PCI to support inter-cell multi-DCI multi-TRP operation
· FFS: Whether the indication of PCI is implicit or explicit

Conclusion
Reuse Rel-15/16 QCL rule between the source and target RS/channel for non-serving cell RS/channel.

Agreement
At least following non-serving cell SSB information are needed in inter-cell MTRP operation 
· SSB time domain position
· SSB transmission periodicity
· SSB transmission power
FFS: Other non-serving cell information
FFS: Whether indication of these information is implicit or explicit

Agreement
For inter-cell MTRP operation, further discuss following options and down select in RAN1#104bis-e
· Option1: Indicate/associate non-serving cell PCI in the TCI state
· FFS other non-serving cell information
· Option2: Introduce a flag to indicate whether a TCI state/QCL information is associated with non-serving cell information or serving cell
· FFS: how the flag is linked to non-serving cell
· Option3: Explicit or implicit grouping of TCI states associated with non-serving cell information corresponding to the serving cell and the non-serving cell respectively.
· FFS: Each group is associated with a CORESETPoolIndex value.
· FFS: how to link the group of TCI states to non-serving cell.
· Option4: Re-index the non-serving cell RS, e.g., in the TCI state/QCL-Info, so that the UE can differentiate between a serving cell RS and a non-serving cell RS
· Example: serving cell RSs are indexed from #0, #1, …, #N-1, while non-serving cell RSs are re-indexed from #N, #N+1, …
· FFS: detailed re-indexing rule(s) of non-serving cell RSs 
· Option5: Introduce a new indicator (e.g., re-index the non-serving cell) to indicate the non-serving cell information that a TCI state/QCL information is associated with 
· FFS: how the indicator is linked to non-serving cell
· Note: when there is only one non-serving cell, it means the same as Option2.

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

Conclusion
The UE may assume received DL transmission from multiple TRP within a CP in FR1 and FR2.
· Note: This does not imply that RAN1 intends to ask RAN4 to tighten network synchronization requirements.

Based on RAN #92-e discussions, the Rel-17 feMIMO WI was revised as below [2], 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 discussions, RAN1 further agreed to the following, 

Agreement
Introduce a new RRC indicator/signalling (e.g., re-index the non-serving cell) to indicate the non-serving cell information that a TCI state/QCL information is associated with, where the new indicator/signaling is not the exact PCI value
· Detailed signalling design is up to RAN2

Agreement
Rel. 17 inter-cell MTRP , the maximum number of additional RRC -configured PCIs  per CC is denoted X and can be reported as a UE capability
· For the report value of X, multiple candidate values including 1 is supported. 
· FFS : Which values to support other than 1. 
· Values larger than 7 are precluded
· RAN1 needs to agree on value(s) of X other than 1
· Down-select one of the following alternatives:
· Alt 1: A single value of X is reported as UE capability for any possible SSB time domain position and periodicity
· Alt 3: At least Two independent X values (X1, X2) are reported as a UE capability for at least two different assumptions on SSB time domain position and periodicity with respect to serving cell SSB 
· The serving cell PCI is always associated with active TCI states, only 1 additional PCI can be associated with the active TCI States

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
For a CSI-RS QCLed with a neighboring cell SSB, the CSI-RS EPRE is calculated based on powerControlOffsetSS and the SSB transmission power in the neighboring cell information.

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 ? 


An illustration of the switching between intra-cell and inter-cell mTRP is provided in the below Figure 1. In the figure, UE is first configured with intra-cell mTRP, the RS indicated by active TCI States are associated all with the same PCI. UE receives an activation for a TCI state for one of the CORESETs ( with pool index/CPI#1) it has two CORESETs associated with RS of different PCIs.) 
Thus for the case where the switching occurs, when there are CORESETs (with same CORESETPoolindex) with active TCI states indicating two different PCIs UE should not be required to monitor the CORESET with different PCI than the PCI of RS indicated by the most recent TCI state activation for a CORESET. Similarly, there could be other ways of TCI activation and different outcomes of CORESETPoolIndex association. 
Observation 1: For inter-cell multi-TRP operation, RAN1 to discuss different possibilities of PCI and CORESETPoolIndex association and define behaviours for those. 

[image: ]
[bookmark: _Ref83826311]Figure 1. Illustration of intra-cell and inter-cell mTRP during the switch.

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 : Explained before. 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 On the Maximum number of additional RRC Configured PCIs
Agreement
Rel. 17 inter-cell MTRP , the maximum number of additional RRC -configured PCIs  per CC is denoted X and can be reported as a UE capability
· For the report value of X, multiple candidate values including 1 is supported. 
· FFS : Which values to support other than 1. 
· Values larger than 7 are precluded
· RAN1 needs to agree on value(s) of X other than 1
· Down-select one of the following alternatives:
· Alt 1: A single value of X is reported as UE capability for any possible SSB time domain position and periodicity
· Alt 3: At least Two independent X values (X1, X2) are reported as a UE capability for at least two different assumptions on SSB time domain position and periodicity with respect to serving cell SSB 
· The serving cell PCI is always associated with active TCI states, only 1 additional PCI can be associated with the active TCI States

In previous meeting RAN1 agreed to support multiple RRC configured PCI values in addition to serving cell configuration. Since the reported value of X (number of additional PCIs) is a UE capability we propose to support that up to X=7 is supported.
[bookmark: _Ref83979142]Proposal 2: For the report value of X, X=7 is supported.
For the assumptions on SSB time domain position and periodicity we propose to support Alt.3 as it allows the UE to report a larger value of X (e.g. X2) for the case of SSB time domain position and periodicity of non-serving cells are aligned with the serving cell SSBs. If only one value X is reported, the UE may report the X value in more conservative approach assuming a case where SSB time domain position and periodicity of non-serving cells are not aligned with the serving cell SSBs. 
[bookmark: _Ref83979143]Proposal 3: Select Alt 3: At least Two independent X values (X1, X2) are reported as a UE capability for at least two different assumptions on SSB time domain position and periodicity with respect to serving cell SSB 

2.3 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: For inter-cell multi-TRP operation, RAN1 to discuss different possibilities of PCI and CORESETPoolIndex association and define behaviours for those. 
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: For the report value of X, X=7 is supported.
Proposal 3: Select Alt 3: At least Two independent X values (X1, X2) are reported as a UE capability for at least two different assumptions on SSB time domain position and periodicity with respect to serving cell SSB
Proposal 4: Apply Rel-17 BFR enhancement for mTRP also for inter-cell mTRP.
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