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Introduction
The WI for R18 MIMO was approved in RAN-94 e-meeting, and the detailed objectives [1] are as follows:  
· Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking
· Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework.
· Study, and if justified, specify larger number of orthogonal DMRS ports for downlink and uplink MU-MIMO (without increasing the DM-RS overhead), only for CP-OFDM,
· Striving for a common design between DL and UL DMRS
· Up to 24 orthogonal DM-RS ports, where for each applicable DMRS type, the maximum number of orthogonal ports is doubled for both single- and double-symbol DMRS
· Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
· Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.
· Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.
· Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.
While in this contribution, we will discuss the remaining issues on the unified TCI framework extension for M-TRP. 
Indication of multiple DL/UL TCI states
Unified TCI state indication in S-DCI case
For TCI state indication for S-DCI based M-TRP, the agreement in RAN1-111 e-meeting [2].
Agreement
On unified TCI framework extension for S-DCI based MTRP, in one beam indication instance, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate joint/DL/UL TCI state(s) for one or both of the two TRPs in a CC/BWP or a set of CCs/BWPs in a CC list
· FFS: Increase on the size of the TCI field
· Note: The term TRP is used only for discussion purpose in RAN1 and whether/how to capture this is FFS
For TCI state indication for S-DCI based M-TRP, the agreement in RAN1-112b e-meeting [3].
Conclusion
On unified TCI framework extension for S-DCI based MTRP operation, there is no consensus to support dynamic switching between single-TRP operation and multi-TRP operation for channels/signals based on the number of TCI states mapped to the received TCI codepoint in DCI format 1_1/1_2
· FFS: How to switch between Rel-17 sTRP operation and Rel-18 mTRP operation
Agreement
On unified TCI framework extension for S-DCI based MTRP operation, support the followings:
· For a serving cell configured with joint DL/UL TCI mode, a full-set or any sub-set of {first joint TCI state, second joint TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)
· For a serving cell configured with separate DL/UL TCI mode, a full-set or any sub-set of {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)
· TCI state activation command (MAC-CE) should indicate that each joint/DL/UL TCI state mapped to a TCI codepoint is the first or second joint/DL/UL TCI state (detail on how to indicate above is up to RAN2 design)
· The first/second indicated joint/DL/UL TCI state(s) is updated according to the corresponding first/second joint/DL/UL TCI state(s) mapped to the TCI codepoint received by the UE
· If the UE receives a TCI codepoint mapped with a sub-set of {first joint TCI state, second joint TCI state} or {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state}, the UE shall update the first/second indicated joint/DL/UL TCI state(s) according to the first/second joint/DL/UL TCI state(s) in the subset and keep other indicated first/second joint/DL/UL TCI state(s) that is not updated by the received TCI codepoint
According to the agreement, dynamic switching between S-TRP operation and S-DCI based MTRP operation by legacy TCI field is not supported. It means that the S-TRP operation or S-DCI based TRP operation will be decided by RRC or MAC CE. In our point of view, we prefer to decide it by MAC CE. If there is at least one codepoint maps to more than one indicated joint/DL/UL TCI state activated by MAC CE, it means the S-DCI based MTRP operation. And in order to avoid the case that there is no other TCI state to keep when a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 indicates only one indicated joint/DL/UL TCI state, we suggest the default rule that UE applies the indicated joint/DL/UL TCI states of the lowest codepoint among codepoints mapping with more than one indicated joint/DL/UL TCI state activated by MAC CE after the application time of the MAC CE activation command.
Proposal 2-1: UE applies the indicated joint/DL/UL TCI states of the lowest codepoint among codepoints mapping with more than one indicated joint/DL/UL TCI state activated by MAC CE after the application time of the MAC CE activation command which activate more than one indicated joint/DL/UL TCI state for at least one codepoint.
TCI state mapping/association for PDSCH in S-DCI case
For PDSCH reception, the agreements were archived in RAN1-111 meeting. 
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.
Agreement
On unified TCI framework extension for S-DCI based MTRP, use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in the DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2
Agreement
On unified TCI framework extension for S-DCI based MTRP, a new indicator field is supported as the DCI field in DCI format 1_1/1_2 that schedules/activates PDSCH reception to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception
· FFS: Detail design of the new indicator field

For PDSCH reception, the agreements were archived in RAN1-112 meeting [4]. 
Agreement
On unified TCI framework extension for S-DCI based MTRP, a 2-bit [TCI selection field] can be configured by RRC to be present in a DCI format 1_1/1_2 that schedules/activates PDSCH reception (including dynamic PDSCH and SPS PDSCH) according to the followings:
· If the DCI format 1_1/1_2 indicates codepoint "00" for the [TCI selection field], the UE shall apply the first one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "01" for the [TCI selection field], the UE shall apply the second one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· 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 the PDSCH reception scheduled/activated by the DCI format 1_1/1_2
· FFS: Whether and how to use the codepoint "11" of the [TCI selection field]
If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2 regardless of threshold, above apply to PDSCH reception(s) scheduled/activated by the DCI format 1_1/1_2. 
· Note: If the UE supports the capability of two default beams for S-DCI based MTRP in FR2, UE uses both indicated joint/DL TCI states to buffer the received signal before a threshold.
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above apply to the scheduled/activated PDSCH reception 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
· FFS: How to apply the indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception if the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is less than a threshold in FR2
FFS: Detail of the capability of two default beams for S-DCI based MTRP 
FFS: The threshold value
In addition, a legacy UE capability is defined to report whether UE can support dynamic switching between SFN-PDSCH and S-TRP transmission based on existing TCI field in DCI format 1_1/1_2. But now for PDSCH, it is a new DCI field to indicate which one or two indicated joint/DL TCI states will be used for PDSCH transmission. Thus we suggest to define a new UE capability to report whether UE can support dynamic switching between SFN-PDSCH and S-TRP transmission based on a new DCI field in DCI format 1_1/1_2.
Proposal 2-2: Define a new UE capability to report whether UE can support dynamic switching between SFN-PDSCH and S-TRP PDSCH transmission based on TCI selection field in DCI format 1_1/1_2.

Default TCI state for AP CSI-RS resource
As for the default TCI state for AP CSI-RS resource in S-DCI based MTRP scenario, the agreements were archived in RAN1-114 meeting [5] and RAN1-114bis meeting [6].
Agreement
On unified TCI framework extension for S-DCI based MTRP, if the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of AP CSI-RS resources in an AP CSI-RS resource set for BM/CSI is smaller than a threshold for AP CSI-RS reception:
· FFS: If there is any other DL signal in the same symbols as the AP CSI-RS 
· If there is no DL signal in the same symbols as the AP CSI-RS:
· If the UE is in FR1 or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, the UE shall apply the first or the second indicated joint/DL TCI state to the AP CSI-RS according to the RRC configuration(s) provided to the AP CSI-RS resource or AP CSI-RS resource set
· Note: If the UE supports the capability of two default beams for S-DCI based MTRP in FR2, UE uses both indicated joint/DL TCI states to buffer the received signal before a threshold.
· Otherwise, the UE shall apply the first indicated joint/DL TCI state to the AP CSI-RS.
· FFS: The definition of other DL signals
Note: Whether to reuse the legacy UE capability (beamSwitchTiming/beamSwitchTiming-r16) as the threshold for AP CSI-RS reception is discussed in Rel-18 UE feature AI
Agreement
On unified TCI framework extension for M-DCI based MTRP, if the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of AP CSI-RS resources in an AP CSI-RS resource set for BM/CSI is smaller than a threshold for AP CSI-RS reception:
· If there is no other DL signal in the same symbols as the AP CSI-RS:
· If the UE is in FR1 or the UE supports the capability of default beam per coresetPoolIndex for M-DCI based MTRP in FR2:
· Alt1: The UE shall apply the first or the second indicated joint/DL TCI state to the AP CSI-RS according to the RRC configuration(s) provided to the AP CSI-RS resources or AP CSI-RS resource set
· Note: If the UE supports the capability of two default beam per coresetPoolIndex for M-DCI based MTRP in FR2, UE uses both indicated joint/DL TCI states to buffer the received signal before a threshold.
· Otherwise, the UE shall apply the indicated joint/DL TCI state specific to coresetPoolIndex value 0 to the AP CSI-RS resource set.
· FFS: If there is any other DL signal in the same symbols as the AP CSI-RS 
· FFS: The definition of other DL signals
· Note: Whether to reuse the legacy UE capability (beamSwitchTiming/beamSwitchTiming-r16) as the threshold for AP CSI-RS reception is discussed in Rel-18 UE feature AI

Agreement
On unified TCI framework extension, if the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of AP CSI-RS for BM/CSI is smaller than a threshold for AP CSI-RS reception:
· If there is other DL signal in the same symbols as the AP CSI-RS, the UE applies the QCL assumption of the other DL signal also when receiving the AP CSI-RS
· For S-DCI based MTRP operation, if there is a PDSCH applying two indicated TCI states in the same symbols as the AP CSI-RS, the UE applies the first indicated TCI state of the two indicated TCI states when receiving the AP CSI-RS the first or the second indicated joint/DL TCI state to the AP CSI-RS according to the higher layer configuration(s) provided to the AP CSI-RS resource or to the aperiodic CSI-RS resource set.
· Rel-17 definitions of “other DL signal” specified in TS 38.214 for AP CSI-RS reception in S-DCI based MTRP operations and M-DCI based MTPR operation are retained

For S-DCI based MTRP, the above agreement only covers the case that AP CSI-RS was configured of followunifiedTCI-state. But for AP CSI-RS not configured of followunifiedTCI-state, a default rule is also needed to define the default beam. We propose to apply the first indicated joint/DL TCI state to the AP CSI-RS.
Proposal 2-3: On unified TCI framework extension, if the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of AP CSI-RS for BM/CSI is smaller than a threshold for AP CSI-RS reception:
· If there is other DL signal in the same symbols as the AP CSI-RS, the UE applies the QCL assumption of the other DL signal also when receiving the AP CSI-RS
· For S-DCI based MTRP operation, if there is a PDSCH applying two indicated TCI states in the same symbols as the AP CSI-RS, the UE applies the first indicated TCI state of the two indicated joint/DL TCI states when receiving the AP CSI-RS not configured of followunifiedTCI-state.

For M-DCI based MTRP, it is also possible that the other DL signals contain PDSCHs scheduled by CORESETs with different CORESETPoolIndex if UE support fully/partially-overlapped PDSCHs in time domain. In this case, UE will apply the QCL assumption of which other DL signal is a problem. In our understanding, if the AP CSI-RS is configured of followunifiedTCI-state, the UE applies the first or the second indicated joint/DL TCI state to the AP CSI-RS according to the higher layer configuration(s) provided to the AP CSI-RS resource or to the aperiodic CSI-RS resource set. Else, the UE applies the first indicated joint/DL TCI state to the AP CSI-RS.
As alternative, it needs to restrict that the other DL signal should be the DL signal scheduled by a PDCCH associated with the same coresetPoolIndex as the PDCCH triggering the aperiodic CSI-RS. In addition, the NZP CSI-RS configured with trs-info is not a DL signal in AI 5.2.1.5.1 in R17, it is a DL signal in AI 5.2.1.5.1a. Thus the following TP should be supported based on the latest version of TS 38.214 in R1-2310761[7].

· [bookmark: _Toc11352117][bookmark: _Toc20318007][bookmark: _Toc27299905][bookmark: _Toc29673173][bookmark: _Toc29673314][bookmark: _Toc29674307][bookmark: _Toc36645537][bookmark: _Toc45810582][bookmark: _Toc146791781]5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology
<omitted text>
When a UE is configured with dl-OrJointTCI-StateList, is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSets, is having two indicated TCI states and 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 smaller than a threshold:
-	If there is no DL signal in the same symbols as the aperiodic CSI-RS
-	if the UE is in frequency range 1, or the UE reports its capability of [default beam per coresetPoolIndex for M-DCI based MTRP] in frequency range 2, the UE shall apply the first or the second indicated joint/DL TCI state to the aperiodic CSI-RS according to the higher layer configuration(s) provided to the aperiodic CSI-RS resource or aperiodic CSI-RS resource set. 
-	Otherwise, the UE shall apply the indicated joint/DL TCI state specific to coresetPoolIndex value 0 to the aperiodic CSI-RS resource set.
-	else if there is any other DL signal with an indicated TCI state in the same symbols as the CSI-RS, the UE applies the QCL assumption of the other DL signal also when receiving the aperiodic CSI-RS. The other DL signal refers to PDSCH scheduled by a PDCCH associated with the same coresetPoolIndex as the PDCCH triggering the aperiodic CSI-RS and scheduled with offset larger than or equal to the threshold timeDurationForQCL, as defined in [13, TS 38.306], periodic CSI-RS, semi-persistent CSI-RS, aperiodic CSI-RS in a NZP-CSI-RS-ResourceSet triggered by a PDCCH associated with the same coresetPoolIndex as the PDCCH triggering the aperiodic CSI-RS and scheduled with offset larger than or equal to the UE reported threshold beamSwitchTiming when the reported value is one of the values {14,28,48}∙2max(0,μCSIRS-3) and when enableBeamSwitchTiming is not provided or the NZP-CSI-RS-ResourceSet is configured with the higher layer parameter trs-Info, aperiodic CSI-RS triggered by a PDCCH associated with the same coresetPoolIndex as the PDCCH triggering the aperiodic CSI-RS andin a NZP-CSI-RS-ResourceSet configured with the higher layer parameter repetition set to 'off' or configured without the higher layer parameters repetition and trs-Info scheduled with offset larger than or equal to 48∙2max(0,μCSIRS-3) when the reported value of beamSwitchTiming-r16 is one of the values {224, 336} and enableBeamSwitchTiming is provided, periodic CSI-RS, semi-persistent CSI-RSUE provides beamSwitchTiming-r16 and enableBeamSwitchTiming is provided, aperiodic CSI-RS in a NZP-CSI-RS-ResourceSet configured with the higher layer parameter repetition set to 'on' scheduled with offset larger than or equal to the UE reported threshold beamSwitchTiming-r16 and enableBeamSwitchTiming is provided.
<omitted text>

Proposal 2-4: On unified TCI framework extension, if the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of AP CSI-RS for BM/CSI is smaller than a threshold for AP CSI-RS reception:
· If there is other DL signal in the same symbols as the AP CSI-RS, the UE applies the QCL assumption of the other DL signal also when receiving the AP CSI-RS
· For M-DCI based MTRP operation, 
· Alt 1: if there are two PDSCHs scheduled by CORESETs with different CORESETPoolIndex applying the first indicated joint/DL TCI state and the second indicated joint/DL TCI state respectively in the same symbols as the AP CSI-RS, the UE applies the first or the second indicated joint/DL TCI state to the AP CSI-RS configured of followunifiedTCI-state according to the higher layer configuration(s) provided to the AP CSI-RS resource or to the aperiodic CSI-RS resource set. If not configured of followunifiedTCI-state,  the UE applies the first indicated joint/DL TCI state to the AP CSI-RS.
· Alt 2: if the other DL signal refers to PDSCH or AP CSI-RS, it should be the PDSCH scheduled or AP CSI-RS triggered by a PDCCH associated with the same coresetPoolIndex as the PDCCH triggering the aperiodic CSI-RS. And adopt the following TP to TS 38.214.

Default beam for PDSCH-CJT
According to the following agreement in RAN1-113 meeting [8], the default beam for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field] or scheduled/activated by DCI format 1_0 can be two indicated joint/DL TCI states. 
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

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
But for PDSCH-CJT, there will be a problem if only 1 NZP CSI-RS resource is selected but with two default beams. In order to solve this problem, some restriction is necessary. One way is to restrict NW to configure no selection of NZP CSI-RS resource in this case. The other way is to restrict UE to select more than one NZP CSI-RS resources. 
Proposal 2-5: When configured with PDSCH-CJT, UE expects to be configured with no selection of NZP CSI-RS resources in the case of configured with two default beams.

Enhancement on BFR
The following agreements were archived in RAN1-110b e-meeting [9] on TRP-specific BFR:
Agreement
On unified TCI framework extension, study the following enhancements for TRP-specific BFR:
· Implicit BFD-RS determination based on the indicated joint/DL TCI states for S-DCI based MTRP
· Enhancement to beam update after NW response to TRP-specific BFR request
In Rel-17, the TRP specific BFR was considered. But the implicit BFD-RS set determination for M-DCI based MTRP was agreed. Since for S-DCI based MTRP, there is no CORESETPoolIndex, UE doesn’t know which CORESETs belong to a same TRP. Thus in Rel-18, if implicit BFD-RS set determination for S-DCI based MTRP will be supported, it is necessary to configure a CORESET group for each CORESET of S-DCI based MTRP or to determine the implicit BFD-RS set determination for S-DCI based MTRP based on the association between CORESET and indicated joint/DL TCI state.
And according to the discussion in RAN1-112 meeting, the following potential proposal was discussed. It means that UE can determine one BFD-RS for the BFD-RS set from an indicated joint/DL TCI state if the indicated joint/DL TCI state is configured to apply for PDCCH reception. We think the potential proposal makes sense but it is not completed. Since for UE can support 2 BFD-RS for the BFD-RS set of one TRP, it is also necessary to define how to determine the second BFD-RS for the BFD-RS set.
Potential Proposal: On unified TCI framework extension for S-DCI based MTRP, if the UE is provided the first candidate beam RS list () and the second candidate beam RS set () but not explicitly provided the first BFD-RS set () and the second BFD-RS set () for TRP-specific BFR and if both first and second indicated joint/DL TCI states are configured by RRC to be applied to CORESETs for PDCCH reception, the UE determines the BFD-RS for the first and second BFD-RS sets from the first and second indicated joint/DL TCI states, respectively.
· FFS: The case if any CORESET is configured to apply both first and second indicated joint/DL TCI states for PDCCH-SFN
· FFS: Whether and how to handle the case if one or both of the first and second indicated joint/DL TCI states is/are NOT configured by RRC to be applied to CORESET(s) for PDCCH reception

In order to discuss it in detail, we consider all possible types of CORESET in the scenario of S-DCI MTRP:
· Type 1 CORESET: apply the first indicated TCI state
· Type 2 CORESET: apply the second indicated TCI state
· Type 3 CORESET: apply the first and the second indicated TCI state
· Type 4 CORESET: apply the third TCI state different from the first and the second indicated TCI state, i.e., not follow unified TCI state.
And we agree that the above potential proposal is reasonable only for following special cases
· Case 1: configured with Type 1 and Type 2 CORESET.
· Case 2: configured with Type 1 and Type 3 CORESET.
· Case 3: configured with Type 2 and Type 3 CORESET.
· Case 4: configured with Type 1, Type 2 and Type 3 CORESET.
But for other cases, such as following cases with type 4 CORESET, it is not reasonable. Since for some of them, it is unnecessary to support TRP-specific BFD-RS set, such as Case 5, 6 and 7. And for others of them, BFD-RS set should also include the RS of the TCI state different from the unified TCI state, such as Case 8-14.
· Case 5: configured with Type 1 CORESET.
· Case 6: configured with Type 2 CORESET.
· Case 7: configured with Type 3 CORESET.
· Case 8: configured with Type 4 CORESET.
· Case 9: configured with Type 1 and Type 4 CORESET.
· Case 10: configured with Type 2 and Type 4 CORESET.
· Case 11: configured with Type 3 and Type 4 CORESET.
· Case 12: configured with Type 1, Type 2 and Type 4 CORESET.
· Case 13: configured with Type 1, Type 3 and Type 4 CORESET.
· Case 14: configured with Type 2, Type 3 and Type 4 CORESET.
So we propose the following improved protentional proposal
Proposal 2-6: On unified TCI framework extension for S-DCI based MTRP, support UE to determine the BFD-RS for the first and second BFD-RS sets from the first and second indicated joint/DL TCI states, respectively. And use RRC to configure the CORESET not following the unified TCI state to be used for the first or the second BFD-RS set determination.

Power control for STxMP
1.1 Definition of Power limitation for STxMP
About the definition of power limitation, it was already agreed that current per UE power limitation shall be considered and power TCI state power limitation will be defined by RAN4. Another remaining issue is whether a total power limitation per UE over all UE panels, which is different from the current per UE power limitation, should be introduced. From our perspective, there is no need to introduce such a total power limitation over all panels additionally, because the current per UE power limitation is enough to ensure the transmit power is in compliance with regulation. 
Proposal 3-1: There is no need to introduce a total power limitation over all panels for STxMP because the current per UE power limitation is enough to ensure the transmit power is in compliance with regulation.
1.2 Tx Power reduction 
In last two meetings, we discussed whether Tx power reduction for STxMP should be considered. 
The total transmit power will not be larger than the current per UE power limitation if the sum of per-panel power limitation cannot exceed the current per UE power limitation. That is because , where  is the transmit power corresponding to TCI state/panel i,  is the power calculated based on indicated PC parameters associated to TCI state/panel i and  is the current per UE power limitation. Then, there is no need to introduce any Tx power reduction behaviour for the two panels in S-DCI based STxMP in such case.
Proposal 3-2: There is no need to introduce any Tx power reduction behavior for S-DCI based STxMP if the sum of per-panel power limitation cannot exceed the current per UE power limitation.
While, if the sum of per-panel power limitation might be greater than the current per UE power limitation, Tx power reduction for STxMP should be introduced. Therefore, it is better to send a LS to RAN4 to confirm whether the sum of per TCI state power limitations can be greater than the current per UE power limitation.
Proposal 3-3: It is better to send a LS to RAN4 to confirm whether the sum of per TCI state power limitations can be greater than the current per UE power limitation
1.3 PHR
In Rel-17, 2 Type-1 PHRs are always reported. When 2 reported PHRs corresponds to actual PHRs, the values are based on two different sets of power control parameters. The motivation is to make the PHR reporting provide more information of the power status of each panel/transmission to the gNB scheduler. 
The same principle are also valid for the PHR reporting for Rel-18 STxMP.In Rel-18 STxMP, two sets of power control parameters are configured with the associated unified TCI states applied respectively. The PHR reporting can be enhanced for both S-DCI based and M-DCI based PUSCH.
In RAN1#114, the following agreement was made on PHR reporting for STxMP in AI 9.1.1.1 [5].
Agreement
On unified TCI framework extension for S-DCI based MTRP, if twoPHRMode is configured, and two SRS resource sets for CB/NCB and multipanelScheme for SDM/SFN are configured:
· If the UE determines that one or both Type 1 PHRs are based on an actual PUSCH transmission
· If the actual PUSCH transmission applies both first and second indicated joint/UL TCI states, the UE provides the first {power headroom, configured maximum output power} associated with the first indicated joint/UL TCI state for the actual PUSCH transmission, and the second {power headroom, configured maximum output power} associated with the second indicated joint/UL TCI state for the actual PUSCH transmission
· If the actual PUSCH transmission applies only the first indicated joint/UL TCI state, the UE provides the first {power headroom, configured maximum output power} associated with the first indicated joint/UL TCI state for the actual PUSCH transmission 
· FFS: How to provide the second report for a reference PUSCH transmission?
· If the actual PUSCH transmission applies only the second indicated joint/UL TCI state, the UE provides the second {power headroom, configured maximum output power} associated with the second indicated joint/UL TCI state for the actual PUSCH transmission
· FFS: How to provide the first report for a reference PUSCH transmission?
· FFS: If the UE determines that both Type 1 PHRs are based on reference PUSCH transmissions, how to provide the first and second reports for reference PUSCH transmissions, respectively?


In RAN1#114bis meeting, 2PHR reporting was agreed on S-DCI based PUSCH transmission of PHR reporting for STxMP [6].
Agreement
On unified TCI framework extension for S-DCI based MTRP, if twoPHRMode is configured, and two SRS resource sets for CB/NCB and multipanelScheme for SDM/SFN are configured:
· If the UE determines that only one Type 1 PHR is based on an actual PUSCH transmission
· If the actual PUSCH transmission applies only the first indicated joint/UL TCI state, the UE provides the second {power headroom, configured max output power} associated with the second indicated joint/UL TCI state for a reference PUSCH transmission 
· If the actual PUSCH transmission applies only the second indicated joint/UL TCI state, the UE provides the first {power headroom, configured max output power} associated with the first indicated joint/UL TCI state for a reference PUSCH transmission
· If the UE determines that both Type 1 PHRs are based on reference PUSCH transmissions, the UE provides the first {power headroom, configured max output power} associated with the first indicated joint/UL TCI state for a reference PUSCH transmission, and the second {power headroom, configured max output power} associated with the second indicated joint/UL TCI state for another reference PUSCH transmission
· FFS: Whether the configured max output power reported in above cases is per UE or per panel or both
· Down-select one of the following alternatives to be reported along with the power headroom for a reference PUSCH transmission:
· Alt1: Per-panel configured max output power
· Alt2: Per-UE configured max output power
· Alt3: Both per-panel configured max output power and per-UE configured max output power
· Alt4: None


From the agreement above, the controversial issue left is for the cases on how to report the configured maximum output power, whether it should be reported per panel or per UE or both. 
Currently the virtual PHR is computed according to the following in section 7.7.1 in 38.213
If the UE determines that a Type 1 power headroom report for an activated serving cell is based on a reference PUSCH transmission then, for PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell , the UE computes the Type 1 power headroom report as
	[image: ] [dB]
where  is computed assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB. TC = 0 dB. MPR, A-MPR, P-MPR and TC are defined in [8-1, TS 38.101-1], [8-2, TS 38.101-2] and [8-3, TS 38.101-3].


[bookmark: _Hlk143633573]According to the LS from RAN4 [10], RAN4 have concluded that the configured transmit power for STxMP shall be defined per indicated joint/UL TCI state, i.e., it will be defined as PCMAXf,c,k where ‘k (k=0,1)’ corresponds to the first and second indicated joint/UL TCI states, respectively. How to define the per-panel configured maximum output power is up to RAN4. Basically, UE should report the per-panel Pcmax values which is determined for each panel to the gNB. How to calculate the per-panel Pcmax to make it more informative for gNB scheduler for the reference PUSCH is worth considering.
Proposal 3-4: Support per-panel PHR triggering and reporting for both S-DCI and M-DCI based STxMP.
Proposal 3-5: Support reporting of per- panel Pcmax value in the PHR for S-DCI based STxMP.

When virtual PHR including both PH and Pcmax is calculated, using the underlying transmission parameters for the reference PUSCH same as the actual PUSCH to make the virtual PHR more comparable to the actual PHR is suggested. Further also taking the MPR, A-MPR, P-MPR into account assumed for the panel for the PHR calculation to make it more informative. The benefit would be the same for two virtual PHRs case. Thus we propose to consider the following for the virtual PHR calculation,
· For STRP based STxMP transmission, same parameters as the actual PUSCH can be used for the reference PUSCH;
· For the case of no actual PUSCH transmissions, same parameters as the first reference PUSCH can be used for the calculation of both virtual PHRs;
· For the calculation of Pcmax, also additionally take the MPR,A-MPR,P-MPR into account for the determination of the Pcmax;

For the M-DCI based PUSCH STxMP transmission, two PHR mode should also be supported. The PHR can be reported according to gNB configuration that whether separate PHR reporting for each TRP or joint PHR reporting for both TRPs shall be applied when higher layer signalling enableSTx2PofmDCI is configured. 2 PHRs is always reported for the following cases which is similar principle to S-DCI based STxMP, 
· Case 1: Two PUSCHs are actually transmitted.
If the actual PUSCH transmission applies the first indicated joint/UL TCI state, the UE provides the first {power headroom, configured maximum output power} associated with the first indicated joint/UL TCI state specific to the CoresetPoolIndex 0 for the actual PUSCH transmission, and the second {power headroom, configured maximum output power} associated with the second indicated joint/UL TCI state specific to the CoresetPoolIndex 1 for the actual PUSCH transmission;

· Case 2: Only one PUSCH is actually transmitted.
· If the actual PUSCH transmission applies the first indicated joint/UL TCI state, the UE provides the first {power headroom, configured maximum output power} associated with the first indicated joint/UL TCI state specific to the CoresetPoolIndex 0 for the actual PUSCH transmission, and the second {power headroom, configured maximum output power} associated with the second indicated joint/UL TCI state specific to the CoresetPoolIndex 1 for the reference PUSCH transmission;

· If the actual PUSCH transmission applies the second indicated joint/UL TCI state, the UE provides the second {power headroom, configured maximum output power} associated with the first indicated joint/UL TCI state specific to the CoresetPoolIndex 1 for the actual PUSCH transmission, and the first {power headroom, configured maximum output power} associated with the first indicated joint/UL TCI state specific to the CoresetPoolIndex 0 for the reference PUSCH transmission;

· Case 3: No PUSCH is actually transmitted.
If the UE determines that both Type 1 PHRs are based on reference PUSCH transmissions, the UE provides the first {power headroom, configured max output power} associated with the first indicated joint/UL TCI state specific to the CoresetPoolIndex 0 for a reference PUSCH transmission, and the second {power headroom, configured max output power} associated with the second indicated joint/UL TCI state specific to the CoresetPoolIndex 1 for another reference PUSCH transmission
The calculation for the virtual PHR above for S-DCI based STxMP can also be applied for the M-DCI based STxMP transmission. 

Proposal 3-6: For M-DCI based STxMP, 2 PHR mode is also supported.
Proposal 3-7: Suggest to consider the same underlying transmission parameters for the reference PUSCH, and also take the MPR, A-MPR, P-MPR into account for the calculation of the virtual PHR.
· For STRP based STxMP transmission, same parameters as the actual PUSCH can be used for the reference PUSCH;
· For the case of no actual PUSCH transmissions, same parameters as the first reference PUSCH can be used for the calculation of both virtual PHRs;
· For the calculation of Pcmax, also additionally take the MPR,A-MPR,P-MPR into account for the determination of the Pcmax;

Conclusion
In this contribution, we discuss about the unified TCI framework extension for M-TRP. Based on above discusses, we provide the following proposals.
Indication of multiple DL/UL TCI states
Proposal 2-1: UE applies the indicated joint/DL/UL TCI states of the lowest codepoint among codepoints mapping with more than one indicated joint/DL/UL TCI state activated by MAC CE after the application time of the MAC CE activation command which activate more than one indicated joint/DL/UL TCI state for at least one codepoint.
Proposal 2-2: Define a new UE capability to report whether UE can support dynamic switching between SFN-PDSCH and S-TRP PDSCH transmission based on TCI selection field in DCI format 1_1/1_2.
Proposal 2-3: On unified TCI framework extension, if the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of AP CSI-RS for BM/CSI is smaller than a threshold for AP CSI-RS reception:
· If there is other DL signal in the same symbols as the AP CSI-RS, the UE applies the QCL assumption of the other DL signal also when receiving the AP CSI-RS
· For S-DCI based MTRP operation, if there is a PDSCH applying two indicated TCI states in the same symbols as the AP CSI-RS, the UE applies the first indicated TCI state of the two indicated joint/DL TCI states when receiving the AP CSI-RS not configured of followunifiedTCI-state.

Proposal 2-4: On unified TCI framework extension, if the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of AP CSI-RS for BM/CSI is smaller than a threshold for AP CSI-RS reception:
· If there is other DL signal in the same symbols as the AP CSI-RS, the UE applies the QCL assumption of the other DL signal also when receiving the AP CSI-RS
· For M-DCI based MTRP operation, 
· Alt 1: if there are two PDSCHs scheduled by CORESETs with different CORESETPoolIndex applying the first indicated joint/DL TCI state and the second indicated joint/DL TCI state respectively in the same symbols as the AP CSI-RS, the UE applies the first or the second indicated joint/DL TCI state to the AP CSI-RS configured of followunifiedTCI-state according to the higher layer configuration(s) provided to the AP CSI-RS resource or to the aperiodic CSI-RS resource set. If not configured of followunifiedTCI-state,  the UE applies the first indicated joint/DL TCI state to the AP CSI-RS.
· Alt 2: if the other DL signal refers to PDSCH or AP CSI-RS, it should be the PDSCH scheduled or AP CSI-RS triggered by a PDCCH associated with the same coresetPoolIndex as the PDCCH triggering the aperiodic CSI-RS. And adopt the following TP to TS 38.214.
· 5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology
<omitted text>
When a UE is configured with dl-OrJointTCI-StateList, is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSets, is having two indicated TCI states and 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 smaller than a threshold:
-	If there is no DL signal in the same symbols as the aperiodic CSI-RS
-	if the UE is in frequency range 1, or the UE reports its capability of [default beam per coresetPoolIndex for M-DCI based MTRP] in frequency range 2, the UE shall apply the first or the second indicated joint/DL TCI state to the aperiodic CSI-RS according to the higher layer configuration(s) provided to the aperiodic CSI-RS resource or aperiodic CSI-RS resource set. 
-	Otherwise, the UE shall apply the indicated joint/DL TCI state specific to coresetPoolIndex value 0 to the aperiodic CSI-RS resource set.
-	else if there is any other DL signal with an indicated TCI state in the same symbols as the CSI-RS, the UE applies the QCL assumption of the other DL signal also when receiving the aperiodic CSI-RS. The other DL signal refers to PDSCH scheduled by a PDCCH associated with the same coresetPoolIndex as the PDCCH triggering the aperiodic CSI-RS and scheduled with offset larger than or equal to the threshold timeDurationForQCL, as defined in [13, TS 38.306], periodic CSI-RS, semi-persistent CSI-RS, aperiodic CSI-RS in a NZP-CSI-RS-ResourceSet triggered by a PDCCH associated with the same coresetPoolIndex as the PDCCH triggering the aperiodic CSI-RS and scheduled with offset larger than or equal to the UE reported threshold beamSwitchTiming when the reported value is one of the values {14,28,48}∙2max(0,μCSIRS-3) and when enableBeamSwitchTiming is not provided or the NZP-CSI-RS-ResourceSet is configured with the higher layer parameter trs-Info, aperiodic CSI-RS triggered by a PDCCH associated with the same coresetPoolIndex as the PDCCH triggering the aperiodic CSI-RS andin a NZP-CSI-RS-ResourceSet configured with the higher layer parameter repetition set to 'off' or configured without the higher layer parameters repetition and trs-Info scheduled with offset larger than or equal to 48∙2max(0,μCSIRS-3) when the reported value of beamSwitchTiming-r16 is one of the values {224, 336} and enableBeamSwitchTiming is provided, periodic CSI-RS, semi-persistent CSI-RSUE provides beamSwitchTiming-r16 and enableBeamSwitchTiming is provided, aperiodic CSI-RS in a NZP-CSI-RS-ResourceSet configured with the higher layer parameter repetition set to 'on' scheduled with offset larger than or equal to the UE reported threshold beamSwitchTiming-r16 and enableBeamSwitchTiming is provided.
<omitted text>

Proposal 2-5: When configured with PDSCH-CJT, UE expects to be configured with no selection of NZP CSI-RS resources in the case of configured with two default beams.
Proposal 2-6: On unified TCI framework extension for S-DCI based MTRP, support UE to determine the BFD-RS for the first and second BFD-RS sets from the first and second indicated joint/DL TCI states, respectively. And use RRC to configure the CORESET not following the unified TCI state to be used for the first or the second BFD-RS set determination.

Power control for STxMP
Proposal 3-1: There is no need to introduce a total power limitation over all panels for STxMP because the current per UE power limitation is enough to ensure the transmit power is in compliance with regulation.
Proposal 3-2: There is no need to introduce any Tx power reduction behavior for S-DCI based STxMP if the sum of per-panel power limitation cannot exceed the current per UE power limitation.
Proposal 3-3: It is better to send a LS to RAN4 to confirm whether the sum of per TCI state power limitations can be greater than the current per UE power limitation
Proposal 3-4: Support per-panel PHR triggering and reporting for both S-DCI and M-DCI based STxMP.
Proposal 3-5: Support reporting of per- panel Pcmax value in the PHR for S-DCI based STxMP.
Proposal 3-6: For M-DCI based STxMP, 2 PHR mode is also supported.
Proposal 3-7: Suggest to consider the same underlying transmission parameters for the reference PUSCH, and also take the MPR, A-MPR, P-MPR into account for the calculation of the virtual PHR.
· For STRP based STxMP transmission, same parameters as the actual PUSCH can be used for the reference PUSCH;
· For the case of no actual PUSCH transmissions, same parameters as the first reference PUSCH can be used for the calculation of both virtual PHRs;
· For the calculation of Pcmax, also additionally take the MPR,A-MPR,P-MPR into account for the determination of the Pcmax;
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