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1.  Introduction
In RAN2 #116-e meeting, RAN2 discussed the impacts of FeMIMO on RRC. The related agreements [1] are extracted as follows. RAN2 already started RRC CR work, and one email discussion [2] was triggered to discuss some parameters that need RAN2’s input. Rel-17 FeMIMO is a large topic which includes plenty of features, e.g., intra-cell and inter-cell beam management, inter-cell mTRP for PDSCH, intra-cell mTRP for PUCCH/PUSCH/PDCCH, mTRP beam management, etc. To make the discussion clearer, we write two separate papers for FeMIMO RRC discussion. 
In this document, we focus on inter-cell cases including inter-cell beam management (BM) and inter-cell mTRP. While in [3], we discuss general cases that do not distinguish intra- or inter- cell.
	1a: RAN2 to use the terminology "primary TRP (pTRP)" and "additional TRP (aTRP)" for RAN2 discussion purposes. FFS whether these will really be needed in Stage-2/3 specifications.
1b: RAN2 does not consider RLM for aTRP in Rel-17 work 
2a: No RRM enhancements are done in Rel-17 (unless later found critical to the functionality).
2b: Add SSB/PCI information for ICBM as cell-level information and link unified TCI state information to that. FFS on exact Stage-3 details.
2c: RAN2 starts the RRC CR work based on latest RAN1 input before sending general RRC LS to RAN1. 
3: The RAN1 parameters for "MultiBeam" are only applicable to ICBM with unified TCI framework (i.e. not to mTRP). Discuss further in Stage-3 phase how the UL PC configuration parameters are defined. 
4: Rel-17 MPE configuration can be included in PHR-Config. Will ask R1 whether MPE information can apply to both ICBM and mTRP 
6: RAN2 assumes "mTRP" parameters are not for ICBM and starts Stage-3 work based on that assumption. If ambiguities are found, LS can be sent to RAN1 to ask for clarification from next meeting.
7: RAN2 will use one RRC CR for the FeMIMO WI and start the work in post-meeting email discussion. Can discuss RRC structure during the discussion before going for final Stage-3 details.



2. Discussion
2.1 L1 measurement
Inter-cell BM and inter-cell mTRP are two enhancement directions that are parallel discussed in RAN1. They have many differences, but also have commonalities, e.g., L1 measurement and report mechanism will be the same for inter-cell BM and inter-cell mTRP. In the RRC parameter list provided by RAN1 [4], there are three parameters related to L1 measurement, see below extracted description.
	Parameter name in the specification
	Description
	Comments

	CSI-SSB-ResourceSet
	A CSI-SSB-ResourceSet configured for L1-RSRP measurement/reporting includes at least a set of SSB indices where PCI indices are associated with the set of SSB indices, respectively. The PCI indices refer to PCIs within the set of PCIs configured for inter-cell beam management or inter-cell multi-TRP.
	It can be discussed in RAN2 whether a new parameter is needed or the associated legacy parameter (e.g. for beam reporting in CSI framework, or SSB info) can be reused
Applies both to Rel-17 unified TCI Framework and legacy TCI Framework for mTRP

	[AdditionalPCIInfo…]
	to support inter-cell mTRP operation, to associate SSB from the cell having different PCI than serving cell.
	additional info includes PCI, SSB time domain location, SSB periodicity and SSB transmission power. ref LS in 1-2108633. this parameter or IE depends RAN2 signaling design…

	[NumberOfAdditionalPCI]
	to configure number of additional PCIs for UE supporting more than 1
	this is only for infomration that number of additional PCIs configured is still under discussion in RAN1, depending on RAN2 signaling desing separate parameter may not be needed


In the current running CR [5], the additional PCI index and the SSB configuration of the PCI are captured as shown below. The yellow highlighted part are added by the rapporteur.
CSI-SSB-ResourceSet ::=             SEQUENCE {
    csi-SSB-ResourceSetId               CSI-SSB-ResourceSetId,
    csi-SSB-ResourceList                SEQUENCE (SIZE(1..maxNrofCSI-SSB-ResourcePerSet)) OF SSB-Index,
    ... ,
   [[
    addiotionalPCI-r17                      AdditionalPCIIndex                                           OPTIONAL   -- Need R

  ]]

}

ServingCellConfig ::=               SEQUENCE {
----------------------------------------------------Omitted-----------------------------------------

   [[
   SSB-MTCAdditionalPCIList-r17::=                 SEQUENCE (SIZE(1..FFS)) OF SSB-MTCAddionalPCI-r167            OPTIONAL    -- Need R

   ]]

}

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
}
-- Editor’s note: guidance in excel says SSB periodicity but does not mention offset. Also transmission power is mentioned, this is not added here for now.


AdditionalPCIIndex  ::=  INTEGER{FFS}
Generally, we think the above configuration is basically aligned with RAN1’s agreements. However, the above configuration seems to restrict all SSBs in a CSI-SSB-ResourceSet must be associated with the same additional PCI. According to the RAN1’s provided description: “a set of SSB indices where PCI indices are associated with the set of SSB indices, respectively.” we are not sure whether different SSB resources in a CSI-SSB-ResourceSet can be associated with different PCIs. If the answer is no, then we think the configuration provided by the rapporteur is reasonable. But if the answer is yes, we may need to find another way to associate PCIs with SSB resources.
Proposal 1: RAN2 to discuss whether the SSB resources in a SSB resource set can be associated with different PCIs. RAN1’s clarification may be needed.
2.2 Beam indication
2.2.1 Inter-cell BM
The Rel-17 unified TCI framework is used for inter-cell BM. In the RRC parameter list provided by RAN1 [4], there are three parameters related to the Rel-17 TCI state configuration.
	Parameter name in the spec
	Description
	Comments

	TCI-State_r17
	TCI state definition for Rel-17 unified TCI framework along with the components.
Analogous to Rel-15/16, this includes TCI state ID and QCL Type 1 and 2, In addition, it includes TCI state type (note: column P excat structure is up to RAN2)
	An additional field for UL spatial relation info may be needed when tci-StateType is 'ULO' (UL TCI only), or this function can be performed with qcl-Type1. It is up to RAN2 to decide.
It can be discussed in RAN2 whether tci-StateType values are needed or not (e.g. whether RAN2 can supersede/build on current RAN1 agreements to combine DL-only and joint TCI into one designation for RRC optimization)
It can be discussed in RAN2 whether a separate IE for UL-only TCI is needed (separately from the rest) as a part of RRC and/or MAC CE optimization
Applies only to Rel-17 unified TCI Framework

	SourceRS-Info_r17
	Source RS and QCL Info definition for Rel-17 unified TCI framework. Analogous to Rel-15/16, this includes information such as cell, BWP ID, source RS, qcl Type (A, B, C or D)
	Detailed design up to RAN2
Applies only to Rel-17 unified TCI Framework

	UL_TCI-State_r17
	UL TCI. Analogous to Rel-15/16 spatial relation, this includes UL TCI state ID, and an identifier for a reference signal (SSB, CSI-RS or SRS). In addition, the IE may contain a separate pathloss RS.
	It can be discussed in RAN2 if UL_TCI-State_r17 and TCI_State_r17 can be combined into the same IE (if combined this parameter may not be needed and this can be deleted)..
Applies only to Rel-17 unified TCI Framework


In the analysis of the unified TCI framework in [3], we have proposals for the TCI state list configuration. We tend to agree that: 
(a) Joint/DL only TCI states are configured in a ToAddModList structure, and UL only TCI states are configured in another ToAddModList structure.
(b) The joint/DL only TCI state list is placed in PDSCH-Config IE, and the UL only TCI state list is placed in BWP-UplinkDedicated IE.
Based on the above configuration, we need to consider how to associate additional PCIs to the Rel-17 TCI state. For the joint/DL only TCI state, one example can be as follows. The field cell can not be configured together with the field additionalPCI-r17. 
TCI-State-r17 ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           SourceRS-Info-r17,
    qcl-Type2                           SourceRS-Info-r17                                                    OPTIONAL,   -- Need R
    ...
}

SourceRS-Info-r17 ::=                        SEQUENCE {
cell                                ServCellIndex                                               OPTIONAL,   -- Need R
additionalPCI-r17                  AdditionalPCIIndex
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},
    ...
}
For the UL only TCI state, in the current running CR [5], the rapporteur added power control related parameters in the UL-TCIState and left a note to add other UL TCI state parameters (the yellow highlighted part are added by the rapporteur). We add the reference signal related information to the IE, here is a high-level design example.
UL-TCIState ::=    SEQUENCE {
	ul-TCIState-ID             UL-TCIState-ID
   sourceRS-Info-r17          SourceRS-Info-r17
-- Editor’s note: and all other UL TCI state parameters
    powerControlSet-r17                       UL-PC-Set-r17                                       OPTIONAL,  -- Need M
    plr-RS-Id-r17                PUSCH-PathlossReferenceRS-Id,                                    OPTIONAL  -- Need M

}
Proposal 2: In RRC running CR work, the above definition example for joint/DL-only TCI state (as in TCI-State-r17) and UL-only TCI state (as in UL-TCIState) can be considered.
In additional, we noticed that in the current RRC running CR [5], additional PCI is added in PUCCH-SaptialRelationInfo. However, this may be not needed, since the PUCCH will also follow the joint TCI state or UL only TCI state indication.
Proposal 3: The additional PCI information is not needed in PUCCH-SpatialRelationInfo IE.
2.2.2 Inter-cell mTRP
Multi-DCI based multi-PDSCH is the applicable scenario for inter-cell mTRP, therefore, we only consider downlink transmission. Beam indication for inter-cell mTRP is based on Rel-15/16 TCI framework. In the received LS from RAN1 [6], the index of the additional PCI information needs to be associated with a TCI state/QCL information.
	RAN1 #106-e Agreement
Introduce a new RRC indicator/signaling (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 signaling design is up to RAN2


The association between additional PCI and TCI state is similar to Rel-17 joint/DL only TCI state configuration. We can use the same principle to extend the Rel-15/16 TCI state.
Proposal 4: An index of additional PCI is introduced in the Rel-15/16 TCI state structure. The same field like in the Rel-17 joint/DL-only TCI state can be used.
2.3 Paging and short message reception for inter-cell BM
RAN1 sent a follow-up reply LS [7] on short message and SI reception issue for inter-cell BM, the question and the answer are extracted as follows.
	Question 2: The WI states that "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)". Then, when the UE is configured to use both serving cell TRP and TRP with different PCI, RAN2 would like to understand the corresponding behaviour for: 
b) System information and short message (e.g. paging): If UE is receiving DL data from TRP with different PCI on dedicated channels, is the UE still able to receive short message (e.g. paging) and system information  from serving cell TRP at the same time?
Answer: No, it is not.


For RRC_CONNECTED UEs, the function of short message/paging is to notify that the serving cell SI is modified. SI modification includes ETWS/CMAS notification (in SIB6/7/8) and other SIBs change (e.g., SIB2/3/4, etc.). For a UE that is receiving DL data from TRP with a different PCI on dedicated channel, RAN1’s answer suggests that the UE cannot receive short message/paging from the serving cell TRP at this point of time. If a serving cell SI modification notification is to be sent from the serving cell TRP, how does the UE reliably receive such notification? We describe 3 options:
[bookmark: _GoBack](a) Option 1: the TRP with different PCI sends beam switch command to let these UEs switch beam back to the serving cell TRP, then the UEs receive short message/paging from the serving cell TRP. There is no specification impact but beam switch may cause latency and the beam quality of the serving cell TRP may be not that good.
(b) Option 2: the network uses dedicated RRC signalling to convey the updated SI (including ETWS/CMAS) to the UE that may not receive them from broadcast signalling of the serving cell TRP. The specification impact is small but if there are many UEs in this situation, the signalling overhead can be very large.
(c) Option 3: if the serving cell and the cell of the TRP with different PCI belong to the same SI area, or transmits the same ETWS/CMAS messages, the UE could receive short message/paging via the TRP with different PCI. Especially for ETWS/CMAS notifications, which are often relevant to multiple cells, this could save a lot of RRC signalling while having minimal impact to the network. With this option, inter-cell BM UEs can be notified efficiently. This requires informing the UE that it should receive short message/paging from the cell of the TRP with different PCI and, for successful reception, the paging configuration (e.g., paging occasion, paging search space, paging scheduling, etc.) needs to be well coordinated in two TRPs.
Proposal 5: In inter-cell BM, if the UE is receiving DL data from TRP with different PCI, RAN2 to discuss how the UE receive short message/paging.
Option 1: the TRP with different PCI sends beam switch command to let these UEs switch beam back to the serving cell TRP.
Option 2: the network uses dedicated RRC signalling to convey the updated SI (including ETWS/CMAS).
Option 3: the network informs the UE that the UE shall acquire paging/short message/SI from the cell of the TRP with different PCI and the network coordinates paging/short message/SI across cells. This solution can be used when allowed by the network deployment.
3. Conclusion
In this contribution, we have the following observations and proposals.
Proposal 1: RAN2 to discuss whether the SSB resources in a SSB resource set can be associated with different PCIs. RAN1’s clarification may be needed.
Proposal 2: In RRC running CR work, the above definition example for joint/DL-only TCI state (as in TCI-State-r17) and UL-only TCI state (as in UL-TCIState) can be considered.
Proposal 3: The additional PCI information is not needed in PUCCH-SpatialRelationInfo IE.
Proposal 4: An index of additional PCI is introduced in the Rel-15/16 TCI state structure. The same field like in the Rel-17 joint/DL-only TCI state can be used.
Proposal 5: In inter-cell BM, if the UE is receiving DL data from TRP with different PCI, RAN2 to discuss how the UE receive short message/paging.
Option 1: the TRP with different PCI sends beam switch command to let these UEs switch beam back to the serving cell TRP.
Option 2: the network uses dedicated RRC signalling to convey the updated SI (including ETWS/CMAS).
Option 3: the network informs the UE that the UE shall acquire paging/short message/SI from the cell of the TRP with different PCI and the network coordinates paging/short message/SI across cells. This solution can be used when allowed by the network deployment.
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