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Introduction
In Rel-18 discussions on MIMO Evolution for Downlink and Uplink [1], the following features are introduced and the corresponding RRC parameters are listed in RAN1 LS R1-2306270 [2] [3]. 
· Unified TCI framework extension for multi-TRP
· 2 TAs for multi-DCI multi-TRP
· CSI enhancement on Rel-16/17 Type-II codebook for CJT multi-TRP
· CSI enhancement on Rel-16/17 Type-II codebook for high/medium speed UE (Doppler) and time-domain channel property (TDCP) reporting 
· Reference signal enhancements for DMRS and SRS
· UL enhancements with simultaneous transmission on 2 panel (STx2P)
· UL enhancements with 8TX UL to support up to 8 layers
In this paper, we discuss some RRC parameters to identify potential issues and solutions for RAN2 implementation.
Discussion
Unified TCI framework for multi-TRP
In Rel-17, unified TCI framework is introduced and is supported for single TRP operation. Given a list of joint/DL TCI states and a list of UL TCI states configured by RRC, unified TCI state activation/deactivation MAC CE is used to active a set of TCI states and DCI indicates one of the activated TCI state to be applied for PDCCH/PDSCH/AP CSI-RS/PUCCH/PUSCH/SRS. 
In Rel-18, unified TCI framework is extended to support multi-TRP operation. For multi-DCI multi-TRP, the activated TCI states for each TRP is indicated by a unified TCI state activation/deactivation MAC CE including a CORESET pool index corresponding to the TRP. For single-DCI multi-TRP, a new unified TCI state activation/deactivation MAC CE is introduced to indicate the mapping between the activated TCI states of two TRPs and DCI codepoints. Different from single-TRP operation where only one joint TCI state or one pair of DL/UL TCI states is mapped to a codepoint in DCI, two joint TCI states (each for a TRP) or two pairs of DL/UL TCI states (each pair for a TRP) can be mapped to a codepoint in DCI. Therefore, how to indicate one (either the 1st or the 2nd) or both of the two TCI states to be applied for PDCCH/PDSCH/AP CSI-RS/PUCCH/PUSCH/SRS is an issue. Based on RAN1 agreements (see Appendix), we summarize the solutions of unified TCI state indication for different channels and RSs and the relevant RRC parameters, as illustrated in the table below.

	Channel/RS
	How to indicate one or both of the two TCI states (i.e., joint/DL TCI states or UL TCI states) shall be applied
	Relevant RRC parameter in R1-2306271
	Remarks/Questions

	PDCCH
	For s-DCI, configured per CORESET by RRC
	applyIndicatedTCIState-r18: {first, second, both, none} 
	Q1: whether to use along with followUnifiedTCI-State-r17? 

	PDSCH
	For s-DCI, if scheduled by DCI format 1_1/1_2, indicated by a new field [TCI selection field] in DCI, whose presence/absence in the DCI format is configured by RRC per DL BWP
	tciSelection-PresentInDCI-r18: {enabled} 
	

	
	For s-DCI, if scheduled by DCI format 1_0, configured by RRC per DL BWP 
	Not given yet, but expect as applyIndicatedTCIState-r18: {first, second, both}, if not configured, the 1st is applied.
	R1: according to RAN1#113 agreement, “Only when the UE is configured with PDSCH-CJT and the UE supports two joint TCI states for PDSCH-CJT or the UE is configured with PDSCH-SFN, the RRC configuration can indicate both indicated joint/DL TCI states are applied”, and PDSCH-CJT is configured by new RRC parameter cjtSchemePDSCH-r18 

	PUCCH
	For both s-DCI and m-DCI, configured by RRC per PUCCH-resource or PUCCH-ResourceGroup
	applyIndicatedTCIState-r18: {first, second, both} for s-DCI, {first, second} for m-DCI
	Q2: whether to configure per PUCCH-resource or PUCCH-ResourceGroup?
R2: for m-DCI, the first and the second indicated joint/UL TCI states correspond to the indicated joint/UL TCI states specific to coresetPoolIndex value 0 and value 1, respectively.

	PUSCH
	For DG and type-2 CG, for s-DCI, if scheduled by DCI format 0_1/0_2, indicated by existing field (SRS resource set indicator) in DCI
	none
	

	
	For DG and Type2 CG, for s-DCI, if scheduled by DCI format 0_0, defined to apply the 1st indicated joint/UL TCI state
	none
	

	
	For type-1 CG, for both s-DCI and m-DCI, configured by RRC per ConfiguredGrantConfig
	applyIndicatedTCIState-r18: {first, second, both} for s-DCI, {first, second} for m-DCI
	R2 as above

	AP CSI-RS
	For m-DCI, configured by RRC per AP CSI-RS resource or AP CSI-RS resource set 
	applyIndicatedTCIState-r18: {first, second} 
	R2 as above 
Q3: according to RAN1#113 agreement: “support of ‘per CSI-RS resource set’ or ‘per CSI-RS resource’ RRC configuration is up to UE capability”, then is the parameter configured in both places?

	SRS
	For both s-DCI and m-DCI, configured by RRC per SRS resource set
	applyIndicatedTCIState-r18: {first, second}
	R2 as above 
R3: When two SRS resource sets for CB/NCB are configured, the UE does not expect the following: (1) to be configured with the first indicated UL/joint TCI state which is to be applied to the second SRS resource set; (2) to be configured with the second indicated UL/joint TCI state which is to be applied to the first SRS resource set



Here we discuss the following questions. 
Q1: For single-DCI multi-TRP PDCCH reception, is applyIndicatedTCIState-r18 configured for CORESET used along with followUnifiedTCI-State-r17? 
	followUnifiedTCI-State
When set to enabled, for PDCCH reception on this CORESET, the UE applies the "indicated" DL only TCI or joint TCI as specified in TS 38.214 [19], clause 5.1.5.


The RRC parameter followUnifiedTCI-State-r17 is introduced in Rel-17 unified TCI state framework to configure the indicated joint/DL TCI state to be applied for PDCCH reception for single-TRP operation. In Rel-18 unified TCI state framework extension to multi-TRP operation, similarly applyIndicatedTCIState-r18 is used to configure one or both of the indicated joint/DL TCI states to be applied for PDCCH reception for multi-TRP operation. 
From our understanding the expected operations for re-using followUnifiedTCI-State-r17 and not re-using followUnifiedTCI-State-r17 could be follows:
If the Rel-17 parameter followUnifiedTCI-State-r17 is reused, for CORESET 0 and CORESET(s) other than CORESET 0 associated at least with CSS sets other than Type3-PDCCH CSS sets,
· When followUnifiedTCI-State-r17 is configured/enabled for these CORESET(s) (same as in Rel-17), the UE would use the “first”, “second” or “both” (applyIndicatedTCIState-r18 provided in the Rel-18 RRC parameter for PDCCH reception) of the indicated/applied TCI states to receive the PDCCH(s) in these CORESET(s).  
· When followUnifiedTCI-State-r17 is not configured/enabled for these CORESET(s) (same as in Rel-17), the UE would not use any of the indicated unified TCI state(s) to receive PDCCH(s) in these CORESET(s). 

If the Rel-17 parameter followUnifiedTCI-State-r17 is not reused, for CORESET 0 and CORESET(s) other than CORESET 0 associated at least with CSS sets other than Type3-PDCCH CSS sets,
· When the Rel-18 RRC parameter is set to ‘first’, ‘second’ or ‘both’, the UE would use the “first”, “second” or “both” of the indicated/applied TCI states to receive the PDCCH(s) in these CORESET(s).
· When the Rel-18 RRC parameter is set to ‘none’, the UE would not use any of the indicated unified TCI state(s) to receive PDCCH(s) in these CORESET(s).

Function wise, reusing or not reusing the Rel-17 parameter followUnifiedTCI-State-r17 should be the same. However, we think to reuse the Rel-17 parameter is more aligned with the overall operation of the unified TCI framework for sDCI based mTRP operation because of following reasons:
· It makes sense the Rel-17 followUnifiedTCI-State-r17 would be the pre-requisition of supporting Rel-18 enhanced unified TCI framework for sDCI based mTRP operation.
· There could be a case where a UE is switching between Rel-17 and Rel-18 schemes (e.g. by Rel-17 and Rel-18 unified TCI state MAC CE, switching the number of TCI states mapped to each TCI codepoint). Reusing followUnifiedTCI-State-r17 may help preventing RRC reconfiguration for this case.

Proposal 1: A new RRC parameter (applyIndicatedTCIState-r18) with values {the first, the second, both} in ControlResourceSet is configured along with the Rel-17 followUnifiedTCI-State-r17, i.e. reuse the followUnifiedTCI-State-r17 for Rel-18 sDCI based mTRP operation using the enhanced unified TCI framework.
Q2: For multi-TRP PUCCH transmission, is applyIndicatedTCIState-r18 configured per PUCCH-resource or PUCCH-ResourceGroup?
According to the current specification, PUCCH-ResourceGroup is just a list for adding and releasing groups of PUCCH resources that can be updated simultaneously for spatial relations with a MAC CE. It means PUCCH-ResourceGroup is just a group of PUCCH-Resource having the similar functionalities so applying applyIndicatedTCIState-r18 to both PUCCH-resource or PUCCH-ResourceGroup has no problem. 
Proposal 2: A new RRC parameter (applyIndicatedTCIState-r18) with values {the first, the second, both} is configured for both PUCCH-resource and PUCCH-ResourceGroup.
Q3: For multi-TRP AP CSI-RS, is applyIndicatedTCIState-r18 configured per AP CSI-RS resource or resource set?
According to the RAN1 agreements, the new UE capability to indicate the supporting the Rel-18 TCI framework for sDCI based mTRP operation on AP CSI-RS. UE indicate whether it supports ‘per CSI-RS resource set’ or ‘per CSI-RS resource’
	Agreement in RAN1#113
On unified TCI framework extension for M-DCI based MTRP, an RRC configuration can be provided to an aperiodic CSI-RS resource set or a CSI-RS resource in an aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated joint/DL TCI state to the aperiodic CSI-RS resource set or to the CSI-RS resource in the aperiodic CSI-RS resource set, if the aperiodic CSI-RS resource set for CSI/BM is configured to follow unified TCI state
· The first and the second indicated joint/DL TCI states correspond to the indicated joint/DL TCI states specific to coresetPoolIndex value 0 and value 1, respectively.
· Above applies at least if the offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in the aperiodic CSI-RS resource set is equal to or larger than a threshold (if the threshold is needed)
· Support of ‘per CSI-RS resource set’ or ‘per CSI-RS resource’ RRC configuration is up to UE capability




For detail RRC signaling support, RAN2 should consider these aspects. From our understanding, RAN1 suggested the new RRC parameter (applyIndicatedTCIState-r18) in CSI-AssociatedReportConfigInfo IE [3], it means the new RRC parameter is applied to CSI-RS resource set rather than the CSI-RS resource. In this case, how to handle supporting per CSI-RS resource should be further studied. One option would be configuring the new RRC parameter in both places (csi-SSB-ResourceSet and csi-SSB-Resource).
Proposal 3: RAN2 further consider how to configure the new RRC parameter (applyIndicatedTCIState-r18) to support Rel-18 unified TCI framework on the multi-TRP AP CSI-RS.
CSI for CJT multi-TRP
RAN1 agreed to support the same RI restriction across multiple CSI-RS resources for CJT multi-TRP, and the RRC parameter for CSI-CJT RI restriction is given, as follows.
	Agreement RAN1#112
On the Type-II codebook refinement for CJT mTRP, regarding CBSR, at least for restricting SD basis selection, the legacy CBSR scheme is fully reused for each of the RRC-configured NTRP CSI-RS resources (resulting in CSI-RS-resource-specific SD beam group restriction)
· FFS: Whether amplitude restriction is CSI-RS-resource-common or specific, and soft vs hard restriction
· FFS: Whether CBSR can be configured to be off for a CSI-RS resource
The same rank restriction is applied across NTRP CSI-RS resources
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In type-II codebook configuration, RI restriction is configured per CSI-RS resource. For Rel-18 CSI-CJT, up to 4 CSI-RS resources are included in a NZP-CSI-RS-ResourceSet, and the RI restriction is common to all CSI-RS resources. Therefore, only one common RI restriction suffices, instead of one RI restriction per CSI-RS resource. 
Proposal 4: For CSI-CJT, one RI restriction is configured in CodebookConfig that applies to all CSI-RS resources in the NZP-CSI-RS-ResourceSet.
In legacy type-II codebook, the value of (N1,N2) is configured jointly with codebookSubsetRestriction via n1-n2-codebookSubsetRestriction. 
CodebookConfig-r16  ::=                SEQUENCE  {
    codebookType                           CHOICE {
        type2                                  SEQUENCE {
            subType                                CHOICE {
                typeII-r16                             SEQUENCE  {
                    n1-n2-codebookSubsetRestriction-r16    CHOICE {
                        two-one                                BIT STRING (SIZE (16)),
                        two-two                                BIT STRING (SIZE (43)),
                        four-one                               BIT STRING (SIZE (32)),
                        three-two                              BIT STRING (SIZE (59)),
                        six-one                                BIT STRING (SIZE (48)),
                        four-two                               BIT STRING (SIZE (75)),
                        eight-one                              BIT STRING (SIZE (64)),
                        four-three                             BIT STRING (SIZE (107)),
                        six-two                                BIT STRING (SIZE (107)),
                        twelve-one                             BIT STRING (SIZE (96)),
                        four-four                              BIT STRING (SIZE (139)),
                        eight-two                              BIT STRING (SIZE (139)),
                        sixteen-one                            BIT STRING (SIZE (128))
                    },
                    typeII-RI-Restriction-r16              BIT STRING (SIZE(4))
                },
                typeII-PortSelection-r16  SEQUENCE {
                    portSelectionSamplingSize-r16          ENUMERATED {n1, n2, n3, n4},
                    typeII-PortSelectionRI-Restriction-r16 BIT STRING (SIZE (4))
                }
            },
        numberOfPMI-SubbandsPerCQI-Subband-r16 INTEGER (1..2),
        paramCombination-r16                   INTEGER (1..8)
        }
    }
}


For Rel-18 Type-II CJT, the value (N1, N2) is the same for all CSI-RS resources as RAN1 indicated below.
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If the legacy design is used, then n1-n2-codebookSubsetRestriction for each CSI-RS resource will indicate the same (N1,N2) value which is redundant. A better solution is to separate n1-n2 and codebookSubsetRestriction. This is also beneficial since RAN1 agreed to configure codebookSubsetRestriction at least one of the multiple CSI-RS resources, and optional for the remaining N_TRP-1 CSI-RS resources. 
Proposal 5: For CSI-CJT codebook configuration, configure n1-n2 separated out from n1-n2-codebookSubsetRestriction, only one n1-n2 value is configured for all CSI-RS resources in the NZP-CSI-RS-ResourceSet for CJT.

CSI for Doppler and TDCP
For high/medium speed UE, UE-side CSI prediction and reporting of time-domain channel properties is introduced as one of the CSI enhancements. The RRC parameters d and m for AP CSI-RS resource for CSI prediction are copied below followed with description in TS38.214 CR [4].
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	Subject to UE capability, a UE configured with a CSI-ReportConfig with the higher layer parameter N4 and reportQuantity set to 'cri-RI-PMI-CQI' is assumed to support UE-side CSI prediction. The reported PMI indicates predicted precoder matrices associated with  consecutive slot intervals, each with duration of  slots, where the value of  is configured by N4. If the UE is configured with an aperiodic CSI-RS resource set for channel measurement, the value, in number of slots, of the time unit  is configured by higher layer parameter d, where  is defined in Clause 5.2.1.4.1. If the UE is configured with a periodic or semi-persistent CSI-RS resource set for channel measurement, the value of  is equal to the periodicity of the CSI-RS resource. The earliest of the  slot intervals starts at slot , where  is the uplink slot in which the CSI is reported and the slot offset  is configured by higher layer parameter delta.
…
A UE configured with a CSI-ReportConfig with the higher layer parameter N4 and reportQuantity set to 'cri-RI-PMI-CQI', is expected to be configured with  aperiodic CSI-RS resources or with a single periodic or semi-persistent CSI-RS resource in the resource set for channel measurement. For an aperiodic CSI-RS resource set for channel measurement, the  CSI-RS resources are triggered by the same triggering instance and the separation between two consecutive CSI-RS resources is  slots, which is configured by higher layer parameter in the NZP-CSI-RS-ResourceSet. The UE shall assume that the antenna port with the same port index of the  aperiodic CSI-RS resources is the same. If interference measurement is performed on CSI-IM, only one resource is configured in the corresponding csi-IM-ResourceSet.


Based on the description, d is the length of a slot interval, during which UE predicts CSI, and m is the separation between 2 consecutive AP CSI-RS resource, where  and  slots. Since d and m are coupled, one parameter can be introduced to configure values of the two, i.e., d-m with values {1-1, 1-2, 2-2}.
Proposal 6: For CSI-Doppler, one parameter d-m is used to configure values of d and m, i.e., d-m with values {1-1, 1-2, 2-2}.
Comb-offset hopping for SRS resource
According to the RAN1 agreements and UE feature provided in [3], the new RRC parameter (i.e. combOffsetHoppingWithRepetition) is required. There is a comment that “Whether to combine with parameter with another (e.g repetition factor) is up to RAN2” for this parameter.
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However, from our understanding, the provided description and agreements for the new RRC parameter is enough to describe the functionality and we don’t think further description to combine with parameter with another (e.g repetition factor) is needed.
Proposal 7: For combOffsetHoppingWithRepetition field in SRS-Resource, no further combining with another (e.g repetition factor) is needed i.e. implement the RRC parameter what RAN1 suggested.
UL-8Tx: CodebookType
According to the RAN1 agreements and UE feature provided in [3], it is very clear RAN2 should signalling support on the provided description on codebook type for UL-8Tx.
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From our understanding, the new RRC parameter ULcodebookFC-N1N2 is only applicable when the new RRC parameter CodebookType is set to ‘Codebook1’. There are two possible signaling support:
1. Introduce the separate RRC fields for ULcodebookFC-N1N2 and CodebookType based on the RAN1 feature list, respectively. Add the qre-requisition/presence condition for ULcodebookFC-N1N2 (i.e. it is only applicable to CodebookType is set to ‘Codebook1’).
2. Use the CHOICE structure for CodebookType and add the configuration of ULcodebookFC-N1N2 in the field what ‘Codebook1’ is selected.

We think both options are valid and no strong preference on the signaling design. RAN2 could consider these options when it will be implemented in the RRC running CR.
Proposal 8: RAN2 determine the signalling support on codebook type for UL-8Tx with considering the following options.
1. Introduce the separate RRC fields for ULcodebookFC-N1N2 and CodebookType based on the RAN1 feature list, respectively. Add the qre-requisition/presence condition for ULcodebookFC-N1N2 (i.e. it is only applicable to CodebookType is set to ‘Codebook1’).
2. Use the CHOICE struction for CodebookType and add the configuration of ULcodebookFC-N1N2 in the field what ‘Codebook1’ is selected.

Conclusion
Based on the discussion, we have the following proposals.
Proposal 1: A new RRC parameter (applyIndicatedTCIState-r18) with values {the first, the second, both} in ControlResourceSet is configured along with the Rel-17 followUnifiedTCI-State-r17, i.e. reuse the followUnifiedTCI-State-r17 for Rel-18 sDCI based mTRP operation using the enhanced unified TCI framework.
Proposal 2: A new RRC parameter (applyIndicatedTCIState-r18) with values {the first, the second, both} is configured for both PUCCH-resource and PUCCH-ResourceGroup.
Proposal 3: RAN2 further consider how to configure the new RRC parameter (applyIndicatedTCIState-r18) to support Rel-18 unified TCI framework on the multi-TRP AP CSI-RS.
Proposal 4: For CSI-CJT, one RI restriction is configured in CodebookConfig that applies to all CSI-RS resources in the NZP-CSI-RS-ResourceSet.
Proposal 5: For CSI-CJT codebook configuration, configure n1-n2 separated out from n1-n2-codebookSubsetRestriction, only one n1-n2 value is configured for all CSI-RS resources in the NZP-CSI-RS-ResourceSet for CJT.
Proposal 6: For CSI-Doppler, one parameter d-m is used to configure values of d and m, i.e., d-m with values {1-1, 1-2, 2-2}.
Proposal 7: For combOffsetHoppingWithRepetition field in SRS-Resource, no further combining with another (e.g repetition factor) is needed i.e. implement the RRC parameter what RAN1 suggested.
Proposal 8: RAN2 determine the signalling support on codebook type for UL-8Tx with considering the following options.
1. Introduce the separate RRC fields for ULcodebookFC-N1N2 and CodebookType based on the RAN1 feature list, respectively. Add the qre-requisition/presence condition for ULcodebookFC-N1N2 (i.e. it is only applicable to CodebookType is set to ‘Codebook1’).
2. Use the CHOICE struction for CodebookType and add the configuration of ULcodebookFC-N1N2 in the field what ‘Codebook1’ is selected.

Reference 
[1] RP-213598 WID: MIMO Evolution for Downlink and Uplink
[2] R1-2306270 LS on Rel-18 higher-layers parameter list
[3] R1-2306271 Consolidated higher layers parameter list for Rel-18
[4] R1-2306330 Introduction of specification support for MIMO enhancements on CSI
Appendix
PDSCH
DCI format 1_1/1_2 [TCI selection field] in DCI, the presence is configured by RRC
RAN1#111 Agreement
On unified TCI framework extension for S-DCI based MTRP, a DCI field in DCI format 1_1/1_2 that schedules/activates PDSCH reception is used to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception
· The presence of the DCI field is configurable by RRC; when the DCI field is not present in DCI format 1_1/1_2, the UE shall apply the default indicated joint/DL TCI state(s) to PDSCH reception
· FFS: Details on the default indicated joint/DL TCI state(s) to PDSCH reception
· FFS: The DCI field is a new indicator field or an existing field (e.g., the existing TCI field)
· FFS: Regardless the DCI field is present or not present, how to apply the indicated joint/DL TCI state(s) to PDSCH reception if the offset between the reception of the DCI format 1_1/1_2 and the corresponding PDSCH reception is less than a threshold 
FFS: How to apply the indicated joint/DL TCI state(s) to PDSCH reception scheduled/activated by DCI format 1_0.
Above applies for the case where PDSCHs scheduled by the same DCI.

RAN1#113 Agreement
On unified TCI framework extension for S-DCI based MTRP, for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, above applies regardless of the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception.
· If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above applies when the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold.

RAN1#113 Agreement
On unified TCI framework extension for S-DCI based MTRP, when a 2-bit [TCI selection field] is configured by RRC to be present in a DCI format 1_1/1_2 in a DL BWP:
· If the DCI format 1_1/1_2 indicates codepoint "10" for the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to PDSCH reception scheduled/activated by the DCI format 1_1/1_2 based on the Rel-16 rules for mapping legacy TCI states to PDSCH transmission occasions, CDM groups, or non-overlapping frequency domain resource allocations by replacing the first and the second indicated legacy TCI states with the first and the second indicated joint/DL TCI states, respectively.
· The codepoint "11" of the [TCI selection field] is reserved.

DCI format 1_0 RRC configures { first, second, or both } of the indicated joint/DL TCI states
RAN1#113 Agreement
On unified TCI framework extension for S-DCI based MTRP, support the following:
· Using RRC configuration to indicate whether the first, second, or both of the indicated joint/DL TCI states is/are applied to PDSCH reception scheduled/activated by DCI format 1_0
· If not configured, the first indicated joint/DL TCI state is applied
· Only when the UE is configured with PDSCH-CJT and the UE supports two joint TCI states for PDSCH-CJT or the UE is configured with PDSCH-SFN, the RRC configuration can indicate both indicated joint/DL TCI states are applied.
· For PDSCH-CJT and PDSCH-SFN, if the RRC configuration indicates both indicated joint/DL TCI states are applied, the UE shall apply both indicated joint/DL TCI states to PDSCH reception scheduled/activated by DCI format 1_0 on a search space other than Type0/0A/2 CSS on CORESET#0 (FFS: Other search space and/or CORESETs)
If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, above applies regardless of the offset between the reception of the scheduling DCI format 1_0 and the scheduled/activated PDSCH reception.
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above applies when the offset between the reception of the scheduling DCI format 1_0 and the scheduled/activated PDSCH reception is equal to or larger than a threshold.

PDCCH 
RRC indication per CORESET { first one, the second one, or both } of the indicated joint/DL TCI states
RAN1#113 Agreement
On unified TCI framework extension for S-DCI based MTRP:
· If a CORESET other than a CORESET with index 0 is associated only with USS sets and/or Type3-PDCCH CSS sets, the CORESET is configured by RRC to apply the first one, the second one, or both of the indicated joint/DL TCI states to PDCCH reception on the CORESET
· If a CORESET other than a CORESET with index 0 is associated at least with CSS sets other than Type3-PDCCH CSS sets, the CORESET is configured by RRC to apply the first one, the second one, both, or none of the indicated joint/DL TCI states to PDCCH reception on the CORESET
· For a CORESET with index 0:
· If the CORESET is associated with SS#0 for Type 0/0A/2 CSS sets, the CORESET is configured by RRC to apply the first one, the second one, or none of the indicated joint/DL TCI state to PDCCH reception on the CORESET
· Otherwise, the CORESET is configured by RRC to apply the first one, the second one, both, or none of the indicated joint/DL TCI states to PDCCH reception on the CORESET
Note: RAN1 already agrees to use RRC configuration to inform that the UE shall apply the first one, the second one, both, or none of the indicated joint/DL TCI states to a CORESET in S-DCI based MTRP. 
Note: There is no consensus in RAN1 on whether to reuse the Rel-17 RRC parameter followUnifiedTCIstate as a part of above RRC configuration, and whether to reuse followUnifiedTCIstate is up to RAN2 design.
RAN1#110b Agreement
On unified TCI framework extension for S-DCI based MTRP, to inform the association with the joint/DL TCI state(s) indicated by DCI/MAC-CE for PDCCH repetition, PDCCH-SFN, and PDCCH w/o repetition/SFN, support the following:
· Use RRC configuration to inform that the UE shall apply the first one, the second one, both, or none of the joint/DL TCI states indicated by DCI/MAC-CE to a CORESET or a group of CORESETs (if CORESET group configuration is supported)

PUSCH
DCI indicates to apply the {first, second, both} indicated joint/UL TCI state, DCI format 0_1/0_2 (including DG and Type2 CG)
Agreement in RAN1 #112
On unified TCI framework extension for S-DCI based MTRP, when two SRS resource sets for CB/NCB are configured, support the followings for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 (including DG and Type2 CG):
· If the DCI format 0_1/0_2 indicates codepoint "00" for the existing SRS resource set indicator, the UE shall apply the first indicated joint/UL TCI state to all PUSCH antenna port(s) of corresponding PUSCH transmission occasions(s)
· If the DCI format 0_1/0_2 indicates codepoint "01" for the existing SRS resource set indicator, the UE shall apply the second indicated joint/UL TCI state to all PUSCH antenna port(s) of corresponding PUSCH transmission occasions(s)
· If the DCI format 0_1/0_2 indicates codepoint "10" or “11” for the existing SRS resource set indicator:
· For TDM based PUSCH Tx scheme, the UE shall apply the first indicated joint/UL TCI state to the PUSCH transmission occasions(s) associated with the first SRS resource set for CB/NCB, and the second indicated joint/UL TCI state to the PUSCH transmission occasions(s) associated with the second SRS resource set for CB/NCB (note: the association between an SRS resource set for CB/NCB and PUSCH transmission occasions(s) is defined according to TS 38.214)
· FFS: SDM and SFN based PUSCH Tx schemes
FFS: The case that the spatial Tx filter(s) determined from the indicated joint/UL TCI state(s) applied to a PUSCH transmission is different from the spatial Tx filter(s) used for the SRS transmission corresponding to the SRS resource(s) indicated to the PUSCH transmission

RAN1#113 Agreement
On unified TCI framework extension for S-DCI based MTRP, when two indicated joint/UL TCI states are applied to a PUSCH transmission 
· For SDM and SFN based PUSCH Tx schemes, the UE shall apply the first indicated joint/UL TCI state to the PUSCH antenna port(s) associated with the first SRS resource set, and the second indicated joint/UL TCI state to the PUSCH antenna port(s) associated with the second SRS resource set, respectively.
· Note: The association between PUSCH antenna port(s) and an SRS resource set is discussed and defined in STxMP AI.

RAN1#112b Agreement
On unified TCI framework extension for S-DCI based MTRP, the UE shall apply the first indicated joint/UL TCI state to PUSCH transmission(s) scheduled/activated by DCI format 0_0 (including DG and Type2 CG).


RRC configs 1st or 2nd or both indicated joint/UL TCI states is used for PUSCH using type-1 CG
RAN1#112b Agreement
On unified TCI framework extension for S-DCI based MTRP, an RRC configuration is provided to a Type1 CG configuration to inform that the UE shall apply the first, the second, or both indicated joint/UL TCI states to the corresponding CG-PUSCH transmission
· If the first or the second indicated joint/UL TCI state is applied, the UE shall apply the first or the second indicated joint/UL TCI state to all PUSCH antenna port(s) of corresponding PUSCH transmission occasions(s)
· If both indicated joint/UL TCI states are applied:
· For TDM based PUSCH Tx scheme, the UE shall apply the first indicated joint/UL TCI state to the PUSCH transmission occasions(s) associated with the first SRS resource set for CB/NCB, and the second indicated joint/UL TCI state to the PUSCH transmission occasions(s) associated with the second SRS resource set for CB/NCB 
· FFS: SDM and SFN based PUSCH Tx schemes

RAN1#112b Agreement
On unified TCI framework extension for M-DCI based MTRP, an RRC configuration is provided to a Type1 CG configuration to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the corresponding CG-PUSCH transmission, where the first and the second indicated joint/DL TCI states correspond to the indicated joint/UL TCI states specific to coresetPoolIndex value 0 and value 1, respectively.

PUCCH
RRC per PUCCH resource/resource group indicates to apply the first or the second indicated joint/UL TCI state
RAN1#112 Agreement
On unified TCI framework extension for M-DCI based MTRP, for PUCCH transmission:
· An RRC configuration can be provided per PUCCH resource/resource group to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the corresponding PUCCH transmission, where the first and the second indicated joint/DL TCI states correspond to the indicated joint/UL TCI states specific to coresetPoolIndex value 0 and value 1, respectively.

RAN1#111 Agreement
On unified TCI framework extension for S-DCI based MTRP, use RRC configuration to inform that the UE shall apply the first one, the second one, or both of the indicated joint/UL TCI states to a PUCCH resource/group
· Note: Detail of the RRC configuration is left to RAN2 design


RAN1#113 Agreement
On unified TCI framework extension for S-DCI based MTRP, when two indicated joint/UL TCI states are applied to a PUCCH resource/resource group:
· For TDM based PUCCH Tx scheme, the UE shall apply two indicated joint/UL TCI states to repetitions of the PUCCH transmission corresponding to the PUCCH resource/resource group based on the Rel-17 rules for mapping spatial settings to the repetitions by replacing the first and second spatial settings with the first and second indicated joint/UL TCI states, respectively.
· For SFN based PUCCH Tx scheme, the UE shall apply two indicated joint/UL TCI states to the PUCCH transmission corresponding to the PUCCH resource/resource group.


SRS
RRC config per SRS resource set indicate first or the second indicated joint/UL TCI state to the SRS resource set
RAN1#113 Agreement
On unified TCI framework extension for both S-DCI and M-DCI based MTRP operations, if a P/SP/AP SRS resource set for CB/NCB/AS or an AP SRS resource set for BM is configured to follow unified TCI state, an RRC configuration can be provided to the SRS resource set to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the SRS resource set
· For M-DCI based MTRP operation, the first and the second indicated joint/UL TCI states correspond to the indicated joint/UL TCI states specific to coresetPoolIndex value 0 and value 1, respectively.
· When two SRS resource sets for CB/NCB are configured, the UE does not expect the following
· to be configured with the first indicated UL/joint TCI state which is to be applied to the second SRS resource set
· to be configured with the second indicated UL/joint TCI state which is to be applied to the first SRS resource set
· For M-DCI based MTRP operation, if the RRC configuration is not provided to the SRS resource set and the SRS resource set is an AP SRS resource set triggered by PDCCH on a CORESET associated with a coresetPoolIndex value, the UE shall apply the indicated joint/UL TCI state specific to the coresetPoolIndex value to the SRS resource set
How to capture the above is up to the editor.

CSI-RS
RAN1#113 Agreement
On unified TCI framework extension for M-DCI based MTRP, an RRC configuration can be provided to an aperiodic CSI-RS resource set or a CSI-RS resource in an aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated joint/DL TCI state to the aperiodic CSI-RS resource set or to the CSI-RS resource in the aperiodic CSI-RS resource set, if the aperiodic CSI-RS resource set for CSI/BM is configured to follow unified TCI state
· The first and the second indicated joint/DL TCI states correspond to the indicated joint/UDL TCI states specific to coresetPoolIndex value 0 and value 1, respectively.
· Above applies at least if the offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in the aperiodic CSI-RS resource set is equal to or larger than a threshold (if the threshold is needed).
· Support of ‘per CSI-RS resource set’ or ‘per CSI-RS resource’ RRC configuration is up to UE capability.

SRS
Agreement in RAN1#112b-e (CS hopping & Comb-offset hopping: time domain randomization granularity)
For a SRS resource configured with comb offset hopping, if the repetition factor R > 1, within a slot, the time-domain hopping behavior depends on the OFDM symbol index l' of each symbol or the first symbol across the R repetitions based on RRC configuration, and FFS configuration details.
· UE can indicate whether it supports one or both the options. Details to be discussed in UE feature.
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