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1	Introduction
Some of the RAN1 agreements for Multi-TRP inter-cell operation are not correctly captured in the RRC configuration. The UE feature dependency between Multi-TRP inter-cell and the Rel-16 M-DCI Multi-TRP functionality has not been discussed in RAN1. In this contribution we address these issues.
[bookmark: _Ref178064866]2	Discussion

2.1 Open issues in RRC configuration
RAN2 has introduced the IE SSB-MTCAdditionalPCI-r17[1]. This IE is used both for inter-cell mTRP, as well as inter-cell beam management.

SSB-MTCAdditionalPCI-r17 ::=                    SEQUENCE {   
    additionalPCIIndex-r17                   AdditionalPCIIndex,                         
    additionalPCI-r17                        PhysCellId,                                          

    ssb-periodicity                     ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2, spare1 }   OPTIONAL, -- Need S
    ssb-ToMeasure-r16                   SetupRelease { SSB-ToMeasure }                                      OPTIONAL   -- Need M
}

 RAN1 made the following related agreement:
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

The SSB time domain position and periodicity are needed to perform rate matching, whereas the SSB transmission power is needed to perform UL power control. Here we note that the “SSB time domain position” should also include the SSB transmission offset: otherwise, it is not possible to derive the time domain positions of the SSBs. 
In the running CR, the SSB transmission offset and the SSB transmission power are missing.
We propose to add them:
[bookmark: _Toc95732945][bookmark: _Toc95761912]Add the SSB transmission offset and SSB transmission power to SSB-MTCAdditionalPCI-r17. 
We also note that the maximum length of SSB-MTCAdditionalPCIList-r17 is missing. During the RAN1 discussion, it has become clear that the maximum length of the list is 7:

Agreement 
Support two independent X values (X1, X2) are reported as a UE capability for two different assumptions on additional SSB time domain position and periodicity with respect to serving cell SSB.
· X1 (Case 1)= The maximum number of configured additional PCIs when each configurations of SSB time domain positions and periodicity of the additional PCIs is the same as SSB time domain positions and periodicity of the serving cell PCI
· X2 (Case 2)= The maximum number of configured additional PCIs when the configurations of SSB time domain positions and periodicity of the additional PCIs is not according to Case 1
· Note: By definition, Case 1 and Case 2 cannot be enabled simultaneously
· Supported values for X1 and X2 includes at least 0,1,2,3 and 7. FFS on other values
· This UE capability has FR1 and FR2 differentiation (FFS : Whether this UE capability is per UE or per band)












[bookmark: _Toc95732946][bookmark: _Toc95761913]The value maxNrofAddionalPCI-r17 is 7. 

On the finer details of the proposed RRC implementation, we note that SSB-MTCAdditionalPCI-r17 contains the field 

    ssb-ToMeasure-r16                   SetupRelease { SSB-ToMeasure }                                      

which in turn contains a list of SSB time domain positions. This is the correct information, but the name is unfortunate. 
In the agreement from RAN1#104-e meeting we can see the purpose of introducing the SSB pattern with additional PCI is for rate matching.


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









The field name ssb-ToMeasure may lead to misunderstanding. SSB-ToMeasure indicates the set of SS blocks to be measured within SMTC measurement duration, but here the purpose of providing the SSB pattern is not for any measurements. 
The properties of the additional PCIs are not related to the SMTC window. Hence, placing this IE together with SMTC IEs is less than natural. It is suggested to recommend RAN2 to change it to field name ssb-PositionsInBurst as this would be more appropriate and simplify spec reading.
[bookmark: _Toc95732947][bookmark: _Toc95761914]Change the field name ssb-ToMeasure to ssb-PositionInBurst in SSB-MTCAdditionalPCI-r17.

1.2 Prerequisite UE feature groups for IntCell-mTRP
Rel-17 Inter-cell mTRP is an extension of Rel-16 Multi-DCI based Multi-TRP functionality. We noted that the UE feature group for IntCell-mTRP focused on the new functionality, but the association with Rel-16 M-DCI M-TRP functionalities was missing. 
Below agreement from RAN1#106-e meeting indicates that that UE need to support 2 different CORESETPoolIndex to support the inter-cell Multi-TRP operation.


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 







In Appendix we included the detailed feature groups table defined for Multi-DCI based Multi-TRP from 38.822.

FG 16-2a contains basic components for Multi-DCI based Multi-TRP. Following FG 16-2a, 10 different feature groups are defined: FG 16-2a-0/1 on overlapping PDSCHs, FG 16-2a-2/3 on out of order operation for DL/UL, FG 16-2a-4/4a on joint or separate HARQ-ACK, FG 16-2a-5 on separate CRS rate matching, FG 16-2a-6 on QCL and TCI enhancement, FG 16-2a-8 on retransmission enhancement, FG 16-2a-9 on interpretation of MIMO layers and FG 16-2a-10 on value of BD. 

All these 11 feature groups can be applied for inter-cell when additional PCI is associated with one CORESETPoolIndex. The question is, shall all the FGs be duplicated under the 23-4 IntCell-mTRP feature group, or could they be included in the prerequisite field? We believe that including the FGs in the prerequisite column is sufficient. 

The functionalities for supporting inter-cell multi-TRP are the same as Rel-16 multi-DCI multi-TRP, it doesn’t make sense to duplicate the long list in UE feature group table for inter-cell. If a UE support FG23-4, it shall first support FG 16-2a which enables CORESETPoolIndex association with additional PCI, then indicates which of FGs from 16-2a-0 to 16-2a-10 is included for inter-cell. 

[bookmark: _Toc95761915]Add FG16-2a as prerequisite feature group for FG 23-4. Add FG 16-2a-0 to FG 2a-10 as optional prerequisite feature groups for FG 23-4.

Conclusion
Based on the discussion in the previous section we propose the following:
Proposal 1	Add the SSB transmission offset and SSB transmission power to SSB-MTCAdditionalPCI-r17.
Proposal 2	The value maxNrofAddionalPCI-r17 is 7.
Proposal 3	Change the field name ssb-ToMeasure to ssb-PositionInBurst in SSB-MTCAdditionalPCI-r17.
Proposal 4	Add FG16-2a as prerequisite feature group for FG 23-4. Add FG 16-2a-0 to FG 2a-10 as optional prerequisite feature groups for FG 23-4.
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Appendix
UE feature group table for Multi-DCI based multi-TRP from 38.822
Table 5.1.8-1: Layer-1 feature list for NR_eMIMO
	Index
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331
	Parent IE in TS 38.331
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note

	...
	
	
	
	
	
	
	
	

	16-2a
	Multi-DCI based multi-TRP
	1.	The maximum number of CORESETs configured per BWP per cell in addition to CORESET 0

2.	The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per BWP per cell in addition to CORESET 0

3.	Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency

4.	Maximum number of unicast PDSCHs per CORESETPoolIndex per slot
	
	multiDCI-MultiTRP-r16
	FeatureSetDownlinkPerCC-v1620
	No
	No
	Note: A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a CP

Note: Processing capability 2 is not supported in any CC if at least one CC is configured with two values of CORESETPoolIndex

[bookmark: _Hlk42697325]Component 1: Candidate values {2,3,4,5} Note: 1.	If UE reports value N1 for component 1, that means UE supports up to min (N1+1, 5) CORESETs in total (including CORESET#0) if there is CORESET#0, and supports maximal N1 CORESETs if there is no CORESET#0.

Component 2: Candidate values {1,2,3}
Note: If UE reports value N2 for component 2, that means UE supports up to min (N2+1, 3) CORESETs in total (including CORESET#0) for a TRP if there is CORESET#0, and supports maximal N2 CORESETs for another TRP if there is no CORESET#0.

Component 4: Candidate values {1,2,3,4,7}
Note: per SCS, similar with Rel-15

	16-2a-0
	Overlapping PDSCHs in time and fully overlapping in frequency and time
	1.	Support PDSCHs with fully overlapping REs, i.e. the allocated REs for PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 0 and PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 1 are exactly the same REs

2.	The maximal number of PDSCH scrambling sequences per serving cell
	16-2a
	overlapPDSCHsFullyFreqTime-r16
	MIMO-ParametersPerBand
	No
	No
	Note: A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a CP

[bookmark: _Hlk42695920]Component 2: Candidate values {1, 2}

	16-2a-1
	Overlapping PDSCHs in time and partially overlapping in frequency
	1.	Support PDSCHs with partially overlapping REs, i.e. the allocated REs for PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 0 and PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 1 are partially overlapped, with at least one RE
	16-2a-0
	overlapPDSCHsInTimePartiallyFreq-r16
	MIMO-ParametersPerBand
	No
	No
	

	16-2a-2
	Out-of-order operation for DL
	1.	Support out-of-order operation for PDCCH to PDSCH

2.	Support out-of-order operation for PDSCH to HARQ-ACK
	16-2a
	outOfOrderOperationDL-r16 {
supportPDCCH-ToPDSCH-r16,
supportPDSCH-ToHARQ-ACK-r16
}
	MIMO-ParametersPerBand
	No
	No
	

	16-2a-3
	Out-of-order operation for UL
	1.	Support out-of-order operation for PDCCH to PUSCH
	16-2a
	outOfOrderOperationUL-r16
	MIMO-ParametersPerBand
	No
	No
	Note: "Same closed loop index for power control across PUSCHs associated with different CORESETPoolIndex values is not supported by a UE indicating the support of this feature"

	16-2a-4
	HARQ-ACK for multi-DCI based multi-TRP - separate
	1.	Support of separate HARQ-ACK

2.	The maximum number of long PUCCHs within a slot for separate HARQ-Ack
	16-2a
	harqACK-separateMultiDCI-MultiTRP-r16 {
	maxNumberLongPUCCHs-r16
}
	Phy-ParametersCommon
	No
	No
	Candidate values for Component 2:
{LongAndLong, LongAndShort, ShortAndShort} 

	16-2a-4a
	HARQ-ACK for multi-DCI based multi-TRP - joint
	1.	Support of joint HARQ-ACK
	16-2a
	harqACK-jointMultiDCI-MultiTRP-r16
	Phy-ParametersCommon
	No
	No
	

	[bookmark: _Hlk42700411]16-2a-5
	Separate CRS rate matching
	1.	Whether the UE can rate match around configured CRS patterns which is associated with CORESETPoolIndex (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same value of CORESETPoolIndex
	16-2a and 14-1a
	separateCRS-RateMatching-r16
	MIMO-ParametersPerBand
	No
	FR1 only
	[bookmark: _Hlk42700422]Note: only applicable for 15kHz SCS

	16-2a-6
	Default QCL enhancement for multi-DCI based multi-TRP
	1.	Support of default QCL assumption per CORESETPoolIndex
	16-2a and 16-2c
	defaultQCL-PerCORESETPoolIndex-r16
	MIMO-ParametersPerBand
	n/a
	FR2 only
	

	16-2a-7
	Maximum number of activated TCI states
	1.	The maximal number of activated TCI states per CORESETPoolIndex per BWP per CC including data and control

2.	The maximal total number of activated TCI states across CORESETPoolIndex per BWP per CC including data and control
	16-2a
	maxNumberActivatedTCI-States-r16 {
maxNumberPerCORESET-Pool-r16,
maxTotalNumberAcrossCORESET-Pool-r16
}
	MIMO-ParametersPerBand
	No
	No
	Candidate values for Component 1: {1,2,4,8}

Candidate values for Component 2: {2,4,8,16}

	16-2a-8
	Indicates that retransmission scheduled by a different CORESETPoolIndex for multi-DCI multi-TRP is not supported.
	1.	For multi-DCI multi-TRP operation, if this FG is indicated, UE does not support retransmission scheduled by PDCCH received in a different CORESETPoolIndex compared to the CORESETPoolIndex of the initial transmission, i.e., the UE is not expected to receive, for the same HARQ process ID, DCI from a different CORESETPoolIndex that schedules the retransmission, i.e., NDI not flipped. This applies to both PDSCH and PUSCH retransmissions.
	16-2a
	supportRetx-Diff-CoresetPool-Multi-DCI-TRP-r16
	Phy-ParametersCommon
	n/a
	n/a
	

	16-2c
	Simultaneous reception with different Type-D
	1.	Supports simultaneous reception with different QCL Type-D RSs.
	
	simultaneousReceptionDiffTypeD-r16
	MIMO-ParametersPerBand
	n/a
	FR2 only
	

	16-2a-9
	Interpretation of maxNumberMIMO-LayersPDSCH for multi-DCI based mTRP
	1.	For multi-DCI multi-TRP operation, if this FG is indicated, "maxNumberMIMO-LayersPDSCH" is interpreted as the maximum number of layers per PDSCH.
	16-2a-0
	maxMIMO-LayersForMulti-DCI-mTRP-r16
	MIMO-ParametersPerBand
	No
	No
	Note1: For multi-DCI multi-TRP operation, if this FG is not indicated, maxNumberMIMO-LayersPDSCH is interpreted as the maximum number of layers across two PDSCHs if having at least one RE overlapped.
Note2: For data rate calculation in clause 4.1.2 of 38.306, if this FG is indicated, each multi-DCI based multi-TRP CC is counted two times toward J.

	16-2a-10
	Value of BD factor
	1.	Value of R for BD/CCE
	16-2a
	blindDetectFactor-r16
	CA-ParametersNR-v1610
	No
	No
	Component:  {1,2}
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