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Introduction
Based on the WID of Rel-18 MIMO (MIMO Evolution for Downlink and Uplink) [1], RAN1 has started to investigate the enhancements for uplink/downlink MIMO features as shown below.
	1. 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
2. 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.
3. 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
4. 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
5. 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.
6. 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.
7. 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.



Regarding this objectives, RAN1 provided the intermediate results including all RAN2 relevant agreements which contains RRC and MAC impacts in LS [2].  Among all above issues, the study to enhance the multi-TRP operation using Rel-17 unified TCI state framework has defined in the objective and there are many progress in RAN1. See the section 4 (Appendix) including the RAN1 agreements.
In this contribution, we consider the MAC issues on the multi-TRP operation (especially for multi-PDCCH based multi-TRP operation and single-PDCCH based multi-TRP operation) using Rel-17 unified TCI state framework.
Multi-TRP operation using unified TCI framework
In Rel-17, unified TCI framework was specified for multi-beam operation, where a common TCI state – separate DL or UL TCI state or joint DL and UL TCI state – can be indicated for UE-dedicated reception/ transmission on PDCCH/PDSCH/PUCCH/PUSCH. 
Here, unified TCI state activate/deactivate MAC CE indicating the common TCI state signals maximum 16 TCI states (i.e. 8 TCI code points) for separate UL/DL TCI state case, if joint DL/UL TCI state is used at most 8 TCI states can be activated. For DCI (DCI format 1_1 or 1_2 with or without PDSCH assignment) indicates one code point used by UE. However, Rel-17 unified TCI framework only supports the single TRP (sTRP) operation, e.g. inter-cell beam management (ICBM).
In Rel-16/17, various mTRP operations were introduced using the legacy TCI framework.
· SDCI based PDSCH transmission schemes specified in Rel-16
· MDCI based PDSCH transmission scheme specified in Rel-16 
· PDCCH/PUCCH/PUSCH repetition schemes specified in Rel-17 
· HST-SFN (simultaneous frequency network) specified in Rel-17 
Rel-18 unified TCI framework enhancements targets on the extending the Rel-17 unified TCI to the mTRP operation e.g. by indicating in a DCI multiple TCI states or pairs of TCI states for various MTRP schemes (sDCI based mTRP, mDCI based mTRP, etc.).
In below sub-clauses, we provides the view on MAC impacts for two mTRP operations (sDCI based mTRP and mDCI based mTRP) using the unified TCI framework based on RAN1 agreements (see Appendix). The further issues will be considered using beam indication by DCI/MAC CE are:
· The maximum number of TCI states that can be indicated/applied in a BWP/CC
· Type(s) of TCI states that can be applied across different TRPs
· Association/mapping between the indicated TCI states and the target channels from different TRPs
Multi-PDCCH based multi-TRP operation

According to the RAN1 agreements, the extension of mDCI based mTRP operation using unified TCI state has no big changes compared to the Rel-16 mDCI based mTRP operation using legacy TCI framework in terms of MAC CE aspects.
For mDCI based mTRP operation where two values of CORESET pool index were provided, a UE can receive, in a CORESET associated with a CORESET pool index value (either 0 or 1), a beam indication DCI (DCI format 1_1 or 1_2 with or without DL assignment) indicating a single TCI state/pair of TCI states by the TCI field, where a MAC CE activation command can activate up to 8 TCI states/pairs of TCI states to the code points of the TCI field. 
From RAN2 perspective, below aspects need to be added in Rel-18 mDCI based mTRP operation using unified TCI state:
· Introduce the “CORESET Pool ID” field in the unified TCI state MAC CE to distinguish which TRP the UE received the indicated TCI states (by MAC CE) from.
· Association to the pool indexes with TRPs (consider all channel schemes e.g. PDSCH/PDCCH/PUSCH/PUCCH) by RRC.
· Indicated coresetPoolIndex could be applied to the both UL and DL TCI states in this MAC CE
· Indicated coresetPoolIndex could be applied to the DL TCI states in this MAC CE and UL association (e.g. PUCCH resource and pool index association is indicated by RRC). In this case, UE does not use coresetPoolIndex to the UL transmission.
· MAC CE support: Adding a “CORESET Pool ID”field using the reserved bit
· Option 1: Introduce the new unified TCI state activation/deactivation MAC CE
· Option 2: Revise the legacy unified TCI state activation/deactivation MAC CE


From our view, at least for MAC CE design, RAN2 can consider the signaling support on mDCI based mTRP operation using unified TCI state activation/deactivation, and above option 2 could be a baseline i.e. way forward (WF) for this feature.
Here, the field description of CORESET Pool ID would be similar what we have in the legacy MAC CE (i.e. TCI States Activation/Deactivation for UE-specific PDSCH MAC CE). The detail desciption will be further revised based on the progress of WI.
· CORESET Pool ID: This field indicates that mapping between the activated TCI states and the codepoint of the DCI Transmission Configuration Indication set by field TCI state IDi is specific to the ControlResourceSetId configured with CORESET Pool ID as specified in TS 38.331 [5]. This field set to 1 indicates that this MAC CE shall be applied for the DL/UL transmission scheduled by CORESET with the CORESET pool ID equal to 1, otherwise, this MAC CE shall be applied for the DL/UL transmission scheduled by CORESET pool ID equal to 0.
Proposal 1: Revise the legacy unified TCI state activation/deactivation MAC CE by adding a “CORESET Pool ID” field to support mDCI based mTRP operation.

For MAC impacts, RAN2 identified the MAC issues (e.g. BFD/BFR, MAC CEs for TCI state framework, etc.) based on the WID and RAN1 progress, and started to solve the issue from the beginning of the WI. In Rel-18 MIMO, we think situation is similar with the previous release, RAN2 identify some issues related to the MAC impacts and those issues should be solved by RAN2. Based on RAN1 agreements and request in LS [2], we think at least details for the multiple TA for mTRP, and the unified TCI state enhancements for mTRP should be discussed by RAN2. 
Issue on the multiple TA for mTRP has many RAN2 impacts and RAN2 has a decision role for the details on this issue, so RAN2 first consider this issue during the initial phase of this WI. Other MAC impacts (MAC CE designs e.g. unified TCI state enhancements for mTRP, etc) could be considered as well if issues and solutions are pretty mature.
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For sDCI based mTRP operation, two TCI states for mTRP could be indicated by MAC CE, and the required signaling could be different based on the signaling type of unified TCI state (i.e. either joint DL/UL TCI state or separate DL/UL TCI state).
· Joint DL/UL TCI state configuration
· Since UL and DL uses the common TCI state fields (i.e. DL/joint TCI state), both TRP #1 and TRP #2 could use the same TCI state framework what it was configured.
· Separate DL/UL TCI state configuration
· Since UL and DL uses the separate TCI state fields (i.e. DL/joint TCI state for DL, UL TCI state for UL), both TRP 1 and TRP2 could use the same TCI state framework what it was configured.
We wonder if the sDCI based mTRP enhancements using unified TCI framework considers the intra-cell case or both intra/inter cell cases because Rel-16 sDCI based mTRP operation only considers intra-cell case. It means, TCI state activation/deactivation MAC CE only includes the TCI states in a serving cell per TRP (i.e. do not support to indicate the different serving cell’s TCI states per TRP). However, we think that the unified TCI states are used for mTRP with mDCI/sDCI could support both intra-cell and inter-cell mTRP since the unified TCI states can refer to additional PCIs other than serving cell PCI.
For MAC CE design, there could be two options 1) revised the legacy unified TCI state activation/deactivation MAC CE, or 2) introduce the new MAC CE for sDCI based mTRP operation using unified TCI state framework. However, as RAN2 did in Rel-16 for sDCI based mTRP opration, introducing the new MAC CE for sDCI based mTRP operation using unified TCI state seems better because we can efficiently design the MAC CE.
For detail MAC CE format, at least RAN2 can introduce the new “Ti” field indicating whether the TCI state of the second TRP is present or not (i.e. either one bit or bitmap for all code points).


Proposal 2: sDCI based mTRP operation using unified TCI state framework considers the intra-cell and inter-cell.
Proposal 3: For sDCI based mTRP operation using unified TCI state framework, introduce the new MAC CE containing TCI state information of mTRPs.
· If the signaling type of the unified TCI state configuration is configured by RRC (i.e. either joint DL/UL TCI state or separate DL/UL TCI state), it applies to both TRPs.
· Introduce the new field indicating if the unified TCI state of the second TRP is present or not.
Conclusion
We propose following proposals:
Proposal 1: Revise the legacy unified TCI state activation/deactivation MAC CE by adding a “CORESET Pool ID” field to support mDCI based mTRP operation.
Proposal 2: sDCI based mTRP operation using unified TCI state framework considers the intra-cell and inter-cell.
Proposal 3: For sDCI based mTRP operation using unified TCI state framework, introduce the new MAC CE containing TCI state information of mTRPs.
· If the signaling type of the unified TCI state configuration is configured by RRC (i.e. either joint DL/UL TCI state or separate DL/UL TCI state), it applies to both TRPs.
· Introduce the new field indicating if the unified TCI state of the second TRP is present or not.
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Appendix
RAN1 agreements (post-RAN1#112) on unified TCI for mTRP 
with potential RAN2/RAN4 impact

	RAN1#112

	Agreement
On unified TCI framework extension for M-DCI based MTRP, down-select from the following options for PUCCH transmission:
· Opt1: A coresetPoolIndex value can be provided per PUCCH resource/resource group, and the UE shall apply the indicated joint/UL TCI state specific to the coresetPoolIndex value to the corresponding PUCCH transmission
· Opt2: 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.
· Opt3: For a PUCCH transmission triggered by PDCCH on a CORESET when the UCI in the PUCCH transmission carries HARQ-ACK information only, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is determined from the one associated with the CORESET. Otherwise, either Opt1 or Opt2 is adopted.
· FFS: Whether Opt3 applies only when the UE is not provided with ackNackFeedbackMode = joint
· Opt4: For a PUCCH transmission with an LRR trigged for either the first BFD-RS set () or the second BFD-RS set () when the UE is provided only one or two schedulingRequestID-BFR configuration, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is 1 when the LRR is trigged for the first BFD-RS set () and the coresetPoolIndex value is 0 when the LRR is trigged for the second BFD-RS set (). Otherwise, either Opt1 or Opt2 is adopted.
Note: Either Opt1 or Opt2 must be supported
“RAN2 impact: RRC configuration/parameter per PUCCH resource/resource group”
“RAN4 impact: none”

	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.
“RAN2 impact: Presence of the new DCI field is configurable by RRC”
“RAN4 impact: none”

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
“RAN2 impact: RRC configuration/parameter per PUCCH resource/resource group”
“RAN4 impact: none”

	RAN1#110b-e

	Agreement
On unified TCI framework extension for M-DCI based MTRP:
· The existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one coresetPoolIndex value can indicate the joint/DL/UL TCI state(s) specific to the same coresetPoolIndex value
· FFS: The UE shall apply the indicated joint/DL/UL TCI state(s) specific to a coresetPoolIndex value to channel(s)/signal(s) that have explicit or implicit association with the same coresetPoolIndex value
· A coresetPoolIndex value field is included in TCI state activation command (MAC-CE) to indicate that the mapping between the activated TCI state(s) and the TCI codepoint(s) is specific to which coresetPoolIndex value
“RAN2 impact: MAC-CE for TCI state activation”
“RAN4 impact: none”

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)
“RAN2 impact: RRC configuration/parameter per CORESET”
“RAN4 impact: none”

Agreement
On unified TCI framework extension for M-DCI based MTRP:
· For a serving cell configured with joint DL/UL TCI mode, one joint TCI state can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment)
· For a serving cell configured with separate DL/UL TCI mode, a DL TCI state, an UL TCI state, or a pair of DL and UL TCI states can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment)
“RAN2 impact: MAC-CE for TCI state activation”
“RAN4 impact: none”

	RAN1#110

	RAN1#109e

	Agreement
On UE power limitation for STxMP for FR2, send LS to RAN4 to check the followings:
· Whether it is feasible to assume power limitation per panel for STxMP (Assumption 1)
· Whether it is feasible to assume a total power limitation per UE over all UE panels used for STxMP (Assumption 2)
· In either of Assumption1 or Assumption 2, whether the total power limitation per UE over all UE panels used for STxMP or the sum of per-panel power limitation for STxMP can be different from (greater than) the existing power limitation for a given power class?
· If both Assumption 1 and Assumption 2 are feasible, whether both assumptions can be applied to a same UE, and what is the relationship between the per-panel power limitation and total power limitation if both are applied (e.g., the sum of per-panel power limitation can be larger than the total power limitation per UE, or should be always the same)?
FFS: Detail of exact LS if agreed
Note: Scenarios of above include at least single carrier scenario for FR2
Note: Above power limitation includes both total radiated power and EIRP
LS to RAN4 is endorsed in R1-2205639.
“RAN2 impact: none”
“RAN4 impact: UE Tx power” 
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