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This paper discuss how to incorporate beam management relevant MIMO RRC parameter into 38.331.
Discussion
ID space of Joint/DL TCI state and UL TCI 
One left issue from email discussion [Post116-e][086][feMIMO] RRC (Ericsson) is the approach to define unified TCI state pool. Based on the response from companies, it seems Joint/DL TCI state pool can be configured within PDSCH-Config while UL TCI state pool can be configured within BWP-UplinkDedicated.
Observation1: Joint/DL TCI state and UL only TCI state pool will be configured in different IEs.
For separate DL/UL TCI state, regardless how to design MAC CE, the mapping between code point in DCI and DL/UL TCI state could be as Figure 2 in [1]:
[image: ]
Figure 2	Example of activated TCI states and their mapping to TCI field codepoints for “Joint DL/UL TCI”
To have common ID space between Joint/DL TCI state and UL TCI state could help to differentiate between them in MAC CE, but it doesn’t help combine a pair of DL and UL TCI state together to be mapped to one code point in DCI which is more important for MAC CE size. Here is one example from Nokia in R2-2200015:
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Figure 3
Actually the real debate is in which spec layer to indicate the pair of DL and UL TCI states. If such combination of DL/UL TCI state is left for RRC signalling and assuming a new list of DL/UL TCI state pair to be introduced in RRC, where every element could be either DL only TCI state or UL only TCI state or both DL/UL TCI state, then the maximum length of the list is 128*64 i.e. 13bits are needed. Following similar MAC CE format as in Figure 3, at least total number of overhead is 15 BYTEs.
For separate ID space approach, the combination between DL and UL TCI state is designed within MAC CE. In this case at most one BYTE is needed to signal either DL or UL TCI state while at most two BYTES are needed to indicate a pair of DL/UL TCI states. So the size of MAC CE is 9+n, where n is the number of DL/UL TCI states pairs in the MAC CE. 
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Figure 4 MAC CE size vs pairs of DL/UL TCI states
As matter of fact the MAC CE size of common ID approach could be worse. It is complicated for UE to extract 13 bits from MAC CE if the combination id is signalled back-to-back. So maybe some extra R bits are needed.
It could be found that common ID space approach doesn’t help to reduce MAC CE size, but additional combination list need be introduced which increases RRC signalling overhead and complexity.
Proposal 1: The ID space of UL only TCI state is independent from Joint/DL TCI state.
The extension of SSB of aTRP and its applicability 
RAN2 agreed in #116 meeting:
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).
In addition our understanding is that BFR procedure is not touched at all in RAN1’s discussion on inter-cell beam management and RACH procedure is not impacted also. Table 1 in ANNEX summarizes IEs containing SSB index in current RRC. Majority of them are not relevant to the SSB of aTRP and hence can be kept untouched. Based on such RAN2 agreements and understanding we think the only two IEs need be extended with PCI index of aTRP are QCL-Info and CSI-SSB-ResourceSet.
For IE SSB-ResourceSet, the main issue is that SSB from different aTRP(s) including serving TRP can be part of same CSI-SSB-ResourceSet. The description column in R1-2112976 seems to imply a list of PCI index is needed. Our understanding is that one single PCI index is sufficient. 
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.
The granularity within upper layer IE CSI-ResourceConfig is resource set. By configuring multiple resource sets within CSI-ResourceConfig, UE can be configured with different SSB resource set with aTRPs.
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
]]
}
Note: AdditionalPCIIndex in running CR is defined to refer to SSB of an aTRP
The same extension can be applied also for mTRP, where TRP with different PCI is introduced based on Rel16 TCI state frame work. RAN1 WID states “The same beam measurement/reporting mechanism will be reused for inter-cell mTRP ”. While CSI-SSB-ResourceSet is the key IE to enable beam measurement/reporting.
Proposal2: one CSI-SSB-ResourceSet is extended with single PCI index of aTRP
Proposal2a: CSI-SSB-ResourceSet associated with different aTRP can be done in upper layer IE CSI-ResourceConfig
Proposal2b: proposal2 is applied for mTRP also.
The extension of QCL-Info is quite straight forward. The PCI index can be added directly as non-critical extension in QCL-Info of both DL and UL TCI state.
An UL reference signal e.g. called ulReferenceSignal-r17 should be added as source reference signal for separate UL TCI state by following RAN1 parameter table. In addition qcl-Type is limited to only “typeD” for QCL-Info of UL TCI state.
QCL-Info ::=                        SEQUENCE {
    cell                ServCellIndex                          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},
    ...
	[[
addiotionalPCI-r17  		AdditionalPCIIndex                           OPTIONAL,
ulReferenceSignal-r17		SRS-ResourceId							  OPTIONAL
]]
}
Based on the above extension of QCL-Info, the TCI-State IE with updated QCL-Info can be used for Joint/DL TCI state. The differentiation between joint and DL TCI state should be outside of the definition of TCI state. The optional IE additioPCI-r17 can be applied for mTRP feature also because SSB from TRP with different PCI can be source reference of TCI state.
For UL only TCI state, the TCI-State need be extended to contain pathloss reference signal for power control purpose and other power control parameters. The 2nd qcl-Type2 is not applicable for UL TCI state per RAN1’s agreement and the maximum number of TCI-StateId is 64 instead of 128. Only when DL only TCI state pool is configured, UE can be configured with UL TCI state i.e. when joint TCI state pool is configured then it is not necessary to configure UL TCI state pool. Here is example of UL TCI-State:
UL-TCIState ::=    SEQUENCE {
	ul-tciState-r17					TCI-State,
    	puschPowerControlSetId-r17    UL-PC-Set-Id-r17     OPTIONAL,  -- Need M
	pucchPowerControlSetId-r17    UL-PC-Set-Id-r17     OPTIONAL,  -- Need M
	srsPowerControlSetId-r17       UL-PC-Set-Id-r17     OPTIONAL,  -- Need M
   	plr-RS-Id-r17            	     PathlossReferenceRS-Id,       OPTIONAL  -- Need M
}
Proposal 3: QCL-Info IE is extended with SRS as source reference for UL TCI state
Proposal 4: QCL-Info IE is extended with single PCI index of aTRP, indicating SSB index of aTRP together with existing IE SSB-Index. 
Proposal4a: proposal4 can be applied for both inter-cell beam management and mTRP.
Proposal5: Joint/DL TCI state is defined by TCI-State with updated QCL-Info IE
Proposal6: UL TCI state is defined based on TCI-State with updated QCL_Info IE 
The applicability of unified TCI state
Following RAN1’s agreement PDCCH, PDSCH, PUSCH and PUCCH are potential target channels. For all of them a new MAC CE can activate or deactivate up to 8 unified TCI states. Then TCI state id within DCI can indicate a unified TCI state for those applicable channels.
For PDCCH and PDSCH, whether unified TCI state is applicable or not is configurable. Here is description of ApplyTCI-State-r17-DLList and ApplyTCI-State-r17forSRS in RAN1 RRC parameter table (R1-2112976):
	a list of the resource and/or resource set ID of the RS(s) which share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC
	Candidates include: AP-CSI-RS for BM, AP-CSI-RS for CSI, DL DMRS for non-UE-dedicated PDCCH/PDSCH from the serving cell.
Exact design including whether an explicit RRC parameter is needed or not is up to RAN2.
Applies only to Rel-17 unified TCI Framework

	Whether all SRS resources in resource set(s) configured for antenna switching/codebook-based/non-codebook-based UL transmissions share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources in a CC. This applies to the following: 1) Aperiodic SRS for BM, 2) SRS (of any time-domain behavior) for codebook, non-codebook, and antenna switching  
	Exact design including whether an explicit RRC parameter is needed or not is up to RAN2.

Applies only to Rel-17 unified TCI Framework

Comment from LG:  For the value range, it should be considered further for applying the indicated beam with configurability on SRS resource or resource set level instead of ON-OFF decision for all SRSs. Also, similar configuration parameters are required for other DL/UL target channels, e.g. for some CSI-RS resources, for some CORESETs, for some PUCCH resources, etc.


Table 2
For non-UE-dedicated PDCCH, we think per CORESET configuration is correct assuming all search spaces associated with same CORESET will share same applicability. Nevertheless some clarification is needed from RAN1.
For non-UE-dedicated PDSCH e.g. SIB1, SI, Paging, msg2/msgB etc is configurable for intra-cell beam management. Our understanding is that they are not applicable for inter-cell beam management case. Again some clarification from RAN1 is needed.
Proposal7: Clarification on the applicability of non-UE-dedicated PDSCH from RAN1 is needed
The dynamic scheduled PUSCH and CG type2 will follow general beam indication scheme. But for CG type1 we think a unified TCI state should be configured per configured grant configuration as legacy. In addition PUSCH channel for common channel e.g. msg3 or PUSCH unit of msgA. Some clarification from RAN1 is needed.
Proposal8: for CG type1 a unified TCI state should be configured via RRC per configured grant configuration
Proposal9: Clarification on applicability of common PUSCH channel e.g. msg3 and PUSCH unit of msgA from RAN1 is needed.
Periodic NZP CSI-RS/CSI-IM and semi-persistent CSI-RS are not mentioned in current RRC parameter list. In legacy framework one TCI state id is configured via RRC signalling for periodic NZP CSI-RS/CSI-IM. And two MAC CEs are defined to associated TCI states with SP CSI-RS. We believe similar principle should be also applied for unified TCI state. Again clarification from RAN1 is needed.
Proposal10: Clarification from RAN1 is needed on applicability of current periodic signalling scheme of NZP CSI-RS/CSI-IM and SP CSI-RS is applicable for inter-cell beam management 
For SRS, we think periodic, semi-persistent and aperiodic SRS are all applicable. The legacy principle summarized in table 3 can be also applied for unified TCI state. For semi-persistent SRS, new MAC CE similar to Serving Cell Set based SRS Spatial Relation Indication MAC CE is sufficient. For aperiodic SRS, new MAC CE similar to Enhanced SP/AP SRS Spatial Relation Indication MAC CE should be introduced.
Proposal11: RRC signalling configures unified TCI state for periodic SRS
Proposal12: new MAC CE similar to “Serving Cell Set based SRS Spatial Relation Indication MAC CE” is introduced for semi-persistent SRS and detail is FFS.
Proposal13: new MAC CE similar to “Enhanced SP/AP SRS Spatial Relation Indication MAC CE” is introduced for aperiodic SRS and detail is FFS.
Here is the table to collect the comparison between legacy and R17 configuration/signalling for beam indication 
	Target CHL or RS
	Legacy beam indication signalling
	R17 configuration/signaling

	PDCCH
	One TCI state is activated via MAC CE:
TCI State Indication for UE-specific PDCCH MAC CE
	It is possible to configure per CORESET with full unified TCI state pools. (RAN2 need further check with RAN1 about the detail)
For applicable PDCCH, one common MAC CE activate or deactivate up to 8 Joint TCI states or DL/UL TCI (pair) states for further action
TCI state within DCI will applicable afterwards

	PDSCH
	A set of TCI states are activated via MAC CE:
TCI States Activation/Deactivation for UE-specific PDSCH MAC CE
Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC
CE
	one common MAC CE activate or deactivate up to 8 Joint TCI states or DL/UL TCI (pair) states for further action
TCI state within DCI will applicable afterwards
Note: it is not applicable for common control channel e.g. SIB1,SI,Paging, msg2/msgB for inter-cell BM. For intra-cell BM, it is not clear yet.

	PUSCH
	For dynamic scheduling and CG type2, the SRI within DCI refers to SRS resource of relevant SRS resource set (either codebook based or non-code book based), where one spatial relationship is defined.
For CG type1: srs-ResourceIndicator is configured in ConfiguredGrantConfig
	For dynamic scheduling and CG type2: one common MAC CE activate or deactivate up to 8 Joint TCI states or DL/UL TCI (pair) states for further action
For CG type1: it is assumed to configure via RRC signaling
TCI state within DCI will applicable afterwards
Note: it is not clear about PUSCH unit of msgA and msg3

	PUCCH
	PUCCH resource ID is associated with PUCCH spatial relationship via MA CE:
PUCCH spatial relation Activation/Deactivation MAC CE
Enhanced PUCCH Spatial Relation Activation/Deactivation MAC CE
	one common MAC CE activate or deactivate up to 8 Joint TCI states or DL/UL TCI (pair) states for further action
TCI state within DCI will applicable afterwards


	PRACH
	Via RACH procedure
For CFRA, the association between SSB/CSI-RS and preamble is configured via RRC
	Legacy behaviour is reused

	Periodic NZP CSI-RS
	One specific TCI state is configured via RRC signalling i.e. the qcl-InfoPeriodicCSI-RS within NZP-CSI-RS-Resource
	Same principle can be applied for unified TCI states??

	Semi persistent CSI-RS/CSI-IM
	Per resource set, activation/deactivation of TCI states via MAC CE:
SP CSI-RS/CSI-IM Resource Set Activation/Deactivation MAC CE
	Same principle can be applied for unified TCI state??

	Aperiodic CSI-RS
	qcl-info is configured in RRC signalling within CSI-AssociatedReportConfigInfo
	follow RRC configuration i.e. specific TCI state within CSI-AssociatedReportConfigInfo

	Periodic SRS
	spatialRelationInfo is configured within IE SRS-Resource
	Same principle can be applied. But unified TCI state should replace spatialRelationInfo

	Semi persistent SRS
	The SRS resource of one SRS resource set is associated with RS to derive spatial relationship via MAC CE:
SP SRS Activation/Deactivation MAC CE
Enhanced SP/AP SRS Spatial Relation Indication MAC CE
Serving Cell Set based SRS Spatial Relation Indication MAC CE
	Same principle can be applied. But unified TCI state should replace those RS to derive spatial relationship

	Aperiodic SRS
	The spatial relationship is either configured via IE SRS-Resource or updated via
Enhanced SP/AP SRS Spatial Relation Indication MAC CE
	Same principle can be applied. In both cases spatial relation or RS should be replaced by unified TCI state.


Table 3
The association between power control parameters and unified TCI state
RAN1 agreed that:
Agreement
On the setting of UL PC parameters except for PL-RS (P0, alpha, closed loop index) for Rel.17 unified TCI framework,
· For each of PUSCH and PUCCH, the setting of (P0, alpha, closed loop index) can be associated with UL or (if applicable) joint TCI state per BWP. 
· In this case, multiple settings are configured. Each setting can be associated with at least one TCI state, and, for a given TCI state, only one setting for PUSCH and only one setting for PUCCH can be associated at a time. 
· (Working Assumption) In this case, for each of the PUSCH and PUCCH, each of the activated UL or (if applicable) joint TCI states is associated with one of the settings.
· If not associated, for each of the PUSCH and PUCCH, the setting(s) of (P0, alpha, closed loop index) per channel/signal per BWP is independent of the UL or (if applicable) joint TCI states
· FFS: If the setting of (P0, alpha, closed loop index) for SRS can also be associated with UL or (if applicable) joint TCI state.
· FFS: (to be decided in RAN1#106-e) whether to configure the same setting of (P0, alpha, closed loop index) per TCI state across channels and apply a channel dependent component, or configure a channel dependent setting of (P0, alpha, closed loop index) per TCI state
Once a unified TCI state or UL TCI state is indicated via DCI, physical channels including PUSCH and PUCCH and reference signalling including SRS will act on such TCI states afterwards i.e. the same TCI state will be applicable for both PUSCH, PUCCH and SRS. So logically a set of power control parameters (P0, alpha, closed loop index) of PUSCH, PUCCH and SRS should be associated with one unified TCI state or UL TCI state.
One implementation of ASN.1 could be to define a pool of such triple power control parameters in BWP-UplinkDedicated. Then every unified TCI state or UL TCI state can contain index of such trip power control parameter for PUSCH, PUCCH and SRS.
During email discussion companies can agree also to add one pathloss reference per one UL TCI state. Similar to power control parameters, a list of pathloss reference signals can be configured in BWP-UplinkDedicated too.
PathlossReferenceRS-r17 ::=                   SEQUENCE {
    pathlossReferenceRS-Id-r17    PathlossReferenceRS-Id-r17,
    referenceSignal                             CHOICE {
        ssb-Index-r17							SEQUENCE{
        ssb-Index                              SSB-Index,
	    addiotionalPCI-r17				   	    AdditionalPCIIndex       OPTIONAL
		}
        csi-RS-Index                                NZP-CSI-RS-ResourceId
    }
}
Proposal 14: define a list of power control parameters and pathloss reference signal in BWP-UplinkDedicated
Proposal 15: one UL TCI state can contain one pathloss reference signal and a set of power control parameters for PUSCH, PUCCH or SRS.
beamAppTime-r17
In running CR this parameter is configured in PDSCH-Config. Our understanding is that this parameter is only relevant to SCS but nothing else. So this parameter should be configured in cell group level.
Proposal 16: beamAppTime-r17 is configured in cell group level i.e. CellGroupConfig
Proposals on ASN.1 is captured in the attached draft RRC CR.
Conclusion
Observation1: Joint/DL TCI state and UL only TCI state pool will be configured in different IEs.
Proposal 1: The ID space of UL only TCI state is independent from Joint/DL TCI state.
Proposal 2: one CSI-SSB-ResourceSet is extended with single PCI index of aTRP
Proposal 2a: CSI-SSB-ResourceSet associated with different aTRP can be done in upper layer IE CSI-ResourceConfig
Proposal 2b: proposal2 is applied for mTRP also.
Proposal 3: QCL-Info IE is extended with SRS as source reference for UL TCI state
Proposal 4: QCL-Info IE is extended with single PCI index of aTRP, indicating SSB index of aTRP together with existing IE SSB-Index. 
Proposal 4a: proposal4 can be applied for both inter-cell beam management and mTRP.
Proposal 5: Joint/DL TCI state is defined by TCI-State with updated QCL-Info IE
Proposal 6: UL TCI state is defined based on TCI-State with updated QCL_Info IE
Proposal 7: Clarification on the applicability of non-UE-dedicated PDSCH from RAN1 is needed
Proposal 8: for CG type1 a unified TCI state should be configured via RRC per configured grant configuration
Proposal 9: Clarification on applicability of common PUSCH channel e.g. msg3 and PUSCH unit of msgA from RAN1 is needed.
Proposal 10: Clarification from RAN1 is needed on applicability of current periodic signalling scheme of NZP CSI-RS/CSI-IM and SP CSI-RS is applicable for inter-cell beam management 
Proposal 11: RRC signalling configures unified TCI state for periodic SRS
Proposal 12: new MAC CE similar to “Serving Cell Set based SRS Spatial Relation Indication MAC CE” is introduced for semi-persistent SRS and detail is FFS.
[bookmark: _GoBack]Proposal 13: new MAC CE similar to “Enhanced SP/AP SRS Spatial Relation Indication MAC CE” is introduced for aperiodic SRS and detail is FFS.
Proposal 14: define a list of power control parameters and pathloss reference signal in BWP-UplinkDedicated
Proposal 15: one UL TCI state can contain one pathloss reference signal and a set of power control parameters for PUSCH, PUCCH or SRS.
Proposal 16: beamAppTime-r17 is configured in cell group level i.e. CellGroupConfig
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Annex
IE containing SSB index and their applicability of aTRP

	Index
	IE containing SSB index
	Need update or not for inter-cell beam management
	Need update or not for mTRP

	1
	MeasResultServingCell-r16
	No, it is IE for RRM
	No, it is IE for RRM

	2
	PerRASSBInfo-r16
	No, it is IE for SON/MDT
	No, it is IE for SON/MDT

	3
	BFR-SSB-Resource
	No, it is IE for BFR
	No, RACH is not enhanced

	4
	CandidateBeamRS-r16
	No, it is IE for BFR
	No, only SSB of serving TRP can be candidate

	5
	CSI-RS-Resource-Mobility
	No it is IE for RRM
	No it is IE for RRM

	6
	CSI-SSB-ResourceSet
	Yes, it is PHY measurement and can be extended (…)
	Yes, it is PHY measurement and can be extended (…)

	7
	ResultsPerSSB-Index
	No it is IE for RRM
	No it is IE for RRM

	8
	ResultsPerSSB-IndexIdle-r16
	No it is IE for RRM
	No it is IE for RRM

	9
	PUCCH-PathlossReferenceRS
	No, following email discussion[xxxx], new pathloss reference signal will be added within UL TCI state IE
	Not settled yet in RAN1

	10
	PUCCH-PathlossReferenceRS-r16
	No, refer to reason in line 9
	Not settled yet in RAN1

	11
	PUCCH-SpatialRelationInfo
	No, it is for legacy beam management
	PUCCH-SpatialRelationInfoExt-r16 ::=       SEQUENCE {
    pucch-SpatialRelationInfoId-v1610         PUCCH-SpatialRelationInfoId-v1610                              OPTIONAL,   -- Cond SetupOnly
    pucch-PathlossReferenceRS-Id-v1610        PUCCH-PathlossReferenceRS-Id-v1610                             OPTIONAL,    --Need R
...
[[
addiotionalPCI-r17  AdditionalPCIIndex                                           OPTIONAL
]]
}

	12
	PUSCH-PathlossReferenceRS
	No, refer to reason in line 9
	Not settled yet in RAN1

	13
	PUSCH-PathlossReferenceRS-r16
	No, refer to reason in line 9
	Not settled yet in RAN1

	14
	CFRA-SSB-Resource
	No, RACH procedure is not triggered on aTRP
	No, RACH procedure is not triggered on aTRP

	15
	RadioLinkMonitoringRS
	No, it is relevant to RLM
	No, it is relevant to RLM

	16
	PathlossReferenceRS-Config
	No, it is relevant to RLM
	No, it is relevant to RLM

	17
	SRS-PosResourceSet-r16
	No, it is for positioning
	No, it is for positioning

	18
	SRS-SpatialRelationInfo
	No, it is for legacy beam management
	Add following in SRS-Resource:
spatialRelationInfoExt-r17                     SRS-SpatialRelationInfoExt-r17
SRS-SpatialRelationInfoExt-r17 ::=       SEQUENCE {
   addiotionalPCI-r17  AdditionalPCIIndex                                           OPTIONAL
    ...
}

	19
	SSB-InfoNcell-r16
	No, it is for positioning
	No, it is for positioning

	20
	QCL-Info
	Yes, and it can be extended within the IE
	Yes, and it can be extended within the IE


Table 1
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