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1 Introduction
In RAN#94, a new Rel-18 WID on MIMO evaluation for DL and UL was approved as in [1]. In this contribution, we elaborate our views on Rel-18 extension for indication of multiple DL/UL TCI states, simultaneous multi-panel UL transmission, and UL power control for enabling UL multi-panel transmission.
2 Enhancement for unified TCI state framework
2.1 Roadmap on unified TCI operation for mTRP
In general, we have a long-term evolution on mTRP operation from Rel-16 to Rel-18, and then the potential enhancement cases are identified as follows during last-meeting offline discussion:
· Rel-16 M-DCI based MTRP schemes for PDSCH and PUSCH
· Rel-16 S-DCI based PDSCH SDM scheme
· Rel-16 S-DCI based PDSCH FDM and TDM schemes
· Rel-17 S-DCI based PUSCH TDM schemes
· Rel-17 S-DCI based PDCCH repetition scheme
· Rel-17 S-DCI based PUCCH TDM schemes
· Rel-17 PDCCH -SFN and PDSCH -SFN
· Rel-17 inter-cell MTRP based on M-DCI based MTRP schemes for PDSCH
· Rel-18 MTRP scheme(s) with STxMP
· Rel-18 CJT scheme with up to 4 TRPs
Technically speaking, the TCI state is not only relevant to QCL/spatial filter indication in FR1/FR2, but many additional parameters, like coresetPoolIndex, additional PCI, number of PTRS ports, MTRP-BFR procedure, etc., need to be combined with TCI state configuration(s) by explicit-configuration or implicit-association manners. As a result, many rules are specified in the current spec (e.g., for CORESETs in a given CORESET pool, a same TCI state/PCI should be indicated/associated in M-DCI MTRP). In other words, we need a case-by-case discussion on this Rel-18 unified TCI framework extension for MTRP operation, and we are not convinced that a single solution can be well applied to above all cases herein.
Observation 1: Extension schemes on unified TCI framework for MTRP should be discussed case by case, rather than approving an ambiguous solution applied to all cases in a rush.  
2.2 Framework on unified TCI operation for mTRP
Based on the R17 unified TCI framework, QCL assumption and power control parameters can be obtained through the corresponding TCI state(s). To achieve a unified solution for associating a given TCI state with target channels as well as corresponding RS(s), the association in S-DCI and M-DCI based MTRP(s) needs to be discussed separately. The association between TCI states and target channels is shown in Figure 1.
· M-DCI: Some target channels/RSs with semi-static configuration and TCI states can be associated according to the RRC/MAC-CE configuration (RRC/MAC-CE level association), such as CORESET/PDCCH, PUCCH and P/SP CSI-RS or SRS. And some dynamically triggered/scheduled channels/RSs and TCI states can be associated according to CORESET/PDCCH scheduling (DCI-level association), such as scheduled PDSCH/PUSCH, aperiodic CSI-RS/SRS. 
· S-DCI: As with M-DCI, CORESET/PDCCH, PUCCH, and P/SP CSI-RS or SRS can still be associated with TCI states according to RRC/MAC-CE level association. For aperiodic CSI-RS/SRS and scheduled PUSCH, they can obtain the association according to the CSI-RS/SRS set index indicated by DCI. However, for PDSCH, there is no clear association indication. We will further discuss this issue in Section 2.3. 


Figure 1 The association between TCI states and target channels/RSs
Then, it is recommended to configure the RRC signaling to inform the mapping between a configured or indicated joint/DL TCI state and a configurable ID representing TRP, e.g., RRC parameter coresetPoolIndex in M-DCI, rather than a fixed ID such as first/second indicated TCI state(s). Then the configurable ID representing TRP can be further associated with a DL/UL channel/RS.
· In M-DCI, it is straightforward that coresetPoolIndex can be used as the configurable ID representing TRP.
· In S-DCI, a new RRC configurable ID, such as CORESET group ID, can be introduced for representing TRP. 
Proposal 1: Regarding the unified TCI framework for MTRP, a configurable ID can be introduced for achieving the association between TCI state(s) and DL/UL channel/RSs.
· For M-DCI, coresetPoolIndex can be used as the configurable parameter.
· For S-DCI, a new RRC configurable ID, e.g., CORESET group ID, can be considered.
After that, we prefer to reuse Rel-16 legacy mechanisms of distinguishing S-DCI and M-DCI based mTRP modes from sTRP modes, considering that the Rel-16/17 mechanisms for mTRP operation can still be workable with good backward compatibility: 
· S-DCI based mTRP operation is enabled if more than one TCI states is activated by MAC-CE; 
· M-DCI based mTRP operation is enabled, if coresetPoolIndex is configured.
Proposal 2: Regarding the unified TCI framework for MTRP, reuse the legacy mechanisms to distinguish S-DCI and M-DCI based mTRP schemes from sTRP as follows:
· For S-DCI, activate more than one DL/joint-TCI state for at least one TCI codepoint in MAC-CE, 
· For M-DCI, configure coresetPoolIndex per CORESET.
2.2.1 Essential issues for the extension of unified TCI framework
Issue-1	P/SP-CSI-RS and P/SP-SRS
For P/SP-CSI-RS, those CSI-RS(s) are almost cell-specific (shared for UEs in the NW), and that means that the corresponding time-domain pattern may be determined semi-statically by gNB (e.g., Tx beam #1, #2, etc corresponds to time instance #n+1, #n+2, etc., respectively). If supporting dynamic TCI state update for P/SP-CSI-RS, we may have to support UE-specific P/SP-CSI-RS, which introduces significant RS overhead from NW perspective. 
Similarly, transmission occasion for P/SP-SRS (regardless of CB, NCB, AS, and BM) should correspond to a cell-specific gNB Rx spatial filter(s) (that is, there is a semi-static gNB Rx spatial filtering pattern), and then, if updating the spatial filter dynamically for P/SP-SRS, we also need to consider whether/how to provide the corresponding time domain offset information for accommodating the gNB implementation.
Observation 2: Extension schemes for supporting dynamic TCI update for P/SP-CSI-RS/SRS on the unified TCI framework may break the semi-static gNB Tx/Rx spatial filter pattern in time-domain for accommodating cell-specific P/SP-RS architecture with low RS overhead (from NW perspective). 
Therefore, in our views, the corresponding unified TCI extension for P/SP-CSI-RS and P/SP-SRS should be deprioritized, and if extending unified TCI state indication for P/SP-CSI-RS/SRS, their corresponding time-domain offset should be updated simultaneously based on the indicated TCI state accordingly. That is, the Tx/Rx transmission occasion and corresponding spatial filter for P/SP-RS should be updated simultaneously. 
Proposal 3: De-prioritize extension schemes on the unified TCI framework for P/SP-CSI-RS and P/SP-SRS
· If extending unified TCI state indication for P/SP-CSI-RS and P/SP-SRS, their corresponding time-domain offset should be updated simultaneously based on the indicated TCI state. 
Issue-2	Timeline misalignment for PUSCH
In RAN1#111, regarding the unified TCI framework, timeline misalignment(s) of beam update and PUSCH antenna port update were discussed, but, unfortunately, there is no consensus. Specifically, based on legacy framework, the beam applying to PUSCH and SRS transmission is based on beam application time (e.g., beam state is applied starting from the first slot that is at least beamAppTime symbols after the last symbol of the PUCCH or the PUSCH carrying the HARQ-ACK corresponding to the DCI carrying beam codepoint update). But, after the first slot but before the first SRS transmission for CB or NCB, the mapping between PUSCH and SRS antenna ports is still based on the previous/most recent SRS transmission, i.e., based on the previous beam. Using the same antenna port means that the PUSCH and SRS should experience the similar small-scale channel property, and, definitely, the Tx beam should be the same.
	Antenna port definition in TS 38.211
An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed.
Timeline for determining SRS port for PUSCH in TS 38.211
The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI.


For sake of presentation, we have the following example as shown in Figure 2. If going with the legacy mechanism of unified TCI framework, the Tx beam/spatial filter corresponds to the TCI state 1, but, while considering the assumption that PUSCH antenna port should be the same as SRS ports in the most recent SRS transmission before PUSCH, the PUSCH should use the TCI state 0.   
Observation 3: Considering that sharing the same antenna port definitely means using the same Tx spatial filter, there may be two different timelines for updating spatial filter of a PUSCH transmission:
·  Timeline-1: Spatial filter is updated after beam application time (BAT) of the indicated joint/UL-TCI state update;
· Timeline-2: Spatial filter is determined according to the most recent SRS transmission before its scheduling PDCCH.
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Figure 1 Misalignment between using the same ports as most recent SRS and effective TCI state for PUSCH
For handling above issue, the following should be considered:
· Option-1: Ignore joint/UL-TCI state update for PUSCH. That means that the UE should use a spatial filter of the SRS transmission corresponding to a PUSCH transmission. Then, as a remaining issue, we may need to further clarify how to determine the UL power control parameter corresponding to PUSCH.
· Option-2: Postpone beam application time (BAT) for joint/UL-TCI state update for PUSCH. It should be clarified that the TCI state for PUSCH transmission is applied after most recent SRS transmission applying the indicated beam state.
Proposal 4: In order to prevent from potential timeline misalignment for PUSCH spatial filter update, at least one of the following should be considered:
· Option-1: Ignore joint/UL-TCI state update for PUSCH.
· Option-2: Postpone beam application time (BAT) for joint/UL-TCI state update for PUSCH, that is, the joint/UL-TCI state for PUSCH transmission is applied after the most recent SRS transmission applying the indicated TCI state.
Issue-3	PDSCH/CSI-RS with offset < a threshold
In our views, by default, the UE should support two default DL Tx beams for both M-DCI and S-DCI based mTRP operation. In such case, once the corresponding two indicated joint/DL TCI states are applied, the UE should use the corresponding two Rx spatial filters for buffering DL data. 
· It should be noticed that, having above functionality, it does NOT mean that we need to further consider default beam as in Rel-15/16 (due to latency of DCI decoding). For SDCI-based PDSCH transmission, the UE should buffer received signals based on both indicated TCI state(s), and then when decoding DCI, the UE can further determine how to demodulate the received signals accordingly. It means that the DCI further indicates which indicated and effective TCI state(s) at the time instance of the PDSCH transmission should be used, rather than selecting the currently indicated TCI state(s) in the DCI. 
Based on the above assumption, we do not need to further discuss the corresponding complicate rules for PDSCH/CSI-RS with offset < a threshold.
However, for a UE only supports a single default beam but supports M-DCI/S-DCI based mTRP operation, further study which indicated TCI state(s) can be used for PDSCH/AP-CSI-RS with scheduling/triggering offset < a threshold.
	16-2a-6
	Default QCL enhancement for multi-DCI based multi-TRP
	Support of default QCL assumption per CORESETPoolIndex
	16-2a and 16-2c

	16-2b-0
	Two default beams for single-DCI based multi-TRP
	Support of default QCL assumption with two TCI states
	16-2c


Proposal 5: Justify whether the case of a UE only supporting a single default beam in M-DCI/S-DCI based operation should be considered in unified TCI framework extension for multi-TRP:
· If required, further study which indicated TCI state(s) can be used for PDSCH/AP-CSI-RS with scheduling/triggering offset < a threshold 
2.2.2 M-DCI
In RAN1#111, the TCI update for M-DCI MTRP operation was discussed and then the following agreements were reached.
	Agreement
On unified TCI framework extension for M-DCI based MTRP, the same configuration/rule used in Rel-17 unified TCI framework (for determining whether the UE shall apply the indicated joint/DL TCI state to PDCCH on a CORESET and respective PDSCH) is reused to determine whether the UE shall apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PDCCH on a CORESET associated with the same coresetPoolIndex value and PDSCH scheduled/activated by the PDCCH.
Agreement
On unified TCI framework extension for M-DCI based MTRP, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to PUSCH transmission scheduled/activated by PDCCH (including DG-PUSCH and Type2 CG-PUSCH) on a CORESET that is associated with the same coresetPoolIndex value.


For Type1 CG-PUSCH, due to the timeline misalignment issue as clarified in Section 2.2.1, we suggest that, before handling above issues well, we only specify: its power control(s) are determined according to joint/UL state(s) associated with the same coresetPoolIndex as related SRS resource set(s), in order to avoid timeline misalignment of indicated TCI and SRS transmission.
Then, in order to have a unified solution for M-DCI based mTRP schemes, we prefer to use coresetPoolIndex as an anchor for achieving TRP-specific TCI state indication, besides for PDCCH/CORESET and PDSCH. Specifically, we have the following suggestions:
· For PUCCH, coresetPoolIndex can be configured per PUCCH resource group. To be more specific, considering that PUCCH may not be initiated with any PDCCH/CORESET, P/SP-PUCCH may piggyback to AP-PUCCH, vice versa. Therefore, we prefer to simplify the solution as in S-DCI, that is, for PUCCH (regardless of dynamically indicated or not), coresetPoolIndex can be configured per PUCCH resource group;
· For CSI-RS, we have the following views:
· For P/SP-CSI-RS, if extended, coresetPoolIndex can be configured per CSI-RS resource, but, as mentioned in Section 2.2.1, the corresponding time-domain offset should be updated simultaneously via indicated TCI state.
· For AP-CSI-RS, coresetPoolIndex is determined according to the PDCCH/CORESET triggering the AP-CSI-RS. It should be noticed that if AP-CSI-RS still reuses the above same scheme as P/SP-CSI-RS, we may have to reduce the candidate AP-CSI-RS resource set(s)/triggering state(s) per TRP and lose NW triggering flexibility.
· For SRS, we have the following views:
· For P/SP-SRS (for CB, NCB, AS, and BM), if extended, coresetPoolIndex can be configured per SRS resource set, but, as mentioned in Section 2.2.1, the corresponding time-domain offset should be updated simultaneously via indicated TCI state.
· For AP-SRS (for CB, NCB, AS, and BM), coresetPoolIndex is determined according to the PDCCH/CORESET triggering AP-SRS, in order to save SRS resource candidate(s)/triggering state(s) per TRP and guarantee NW triggering flexibility.
Proposal 6: On unified TCI framework extension for M-DCI MTRP,
· For Type1 CG-PUSCH, only specify: its power control(s) are determined according to joint/UL state(s) associated with the same coresetPoolIndex as related SRS resource set(s), in order to avoid timeline misalignment of indicated TCI and SRS transmission.
· For following channels/RSs, UE shall apply the indicated joint/DL/UL TCI state specific to a coresetPoolIndex value to the corresponding channel/RS that is associated with the same coresetPoolIndex value
· For PUCCH (regardless of dynamically indicated or not): coresetPoolIndex can be configured per PUCCH resource group;
· For AP-CSI-RS, coresetPoolIndex is determined according to PDCCH/CORESET triggering the AP-CSI-RS;
· (Low-priority) For SP/P-CSI-RS, if extended, coresetPoolIndex can be configured per CSI-RS resource (set), and then the corresponding time-domain offset should be updated simultaneously based on the indicated TCI state;
· For AP-SRS (for CB/NCB/AS/BM), coresetPoolIndex is determined according to PDCCH/CORESET triggering AP-SRS;
· (Low-priority) For P/SP-SRS (for CB/NCB/AS/BM), coresetPoolIndex can be configured per SRS resource set, and then the corresponding time-domain offset should be updated simultaneously based on the indicated TCI state.
2.2.3 S-DCI
In RAN1#111, the TCI update for S-DCI based MTRP operation was discussed and then the following agreements were reached.
	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 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
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
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


Regarding PDSCH, for S-DCI based mTRP operation, once the corresponding two indicated joint/DL TCI states are applied, the UE should use the corresponding two Rx spatial filters for buffering DL data. In such case, we have the following suggestion:
· For PDSCH scheduled by DCI format 1_1/2 but without TCI selection field: all indicated joint/DL TCI state(s) are applied
· For PDSCH scheduled by DCI format 1_0 and PUSCH scheduled by DCI format 0_0: the following behavior should be based on legacy as much as possible, considering co-existence between Rel-18 and before. 
· For PDSCH scheduled by DCI format 1_0: A joint/DL TCI state associated with scheduling CORESET/PDCCH is applied;
· For PUSCH scheduled by DCI format 0_0: A joint/UL TCI state associated with PUCCH resource with the lowest ID is applied.
Regarding PUSCH scheduled/activated by DCI format 0_1/0_2 and Type-1 CG PUSCH, in principle, PUSCH scheduled by DCI format 0_1/0_2 and SRS are associated with the same Tx antenna port(s), which is much stronger assumption compared with using the same spatial filter, as mentioned in Section 2.2.1. Then, we only need to consider that its power control(s) are determined according to joint/UL state(s) associated with the indicated SRS resource set(s), in order to avoid timeline misalignment of indicated TCI and SRS transmission.
· PL-RS(s) and UL PC parameter setting(s) (including P0, alpha, and closed loop index) for a PUSCH is determined according to indicated TCI state applied to the SRS resource corresponding to the PUSCH.
Regarding CSI-RS, for P/SP-CSI-RS, if extended, a configurable ID can be configured per CSI-RS resource (set), but, as mentioned in Section 2.2.1, the corresponding time-domain offset should be updated simultaneously via indicated TCI state. Then, for AP-CSI-RS, similarly, in order to save SRS resource candidate(s)/triggering state(s) per TRP and guarantee NW triggering flexibility, a configurable ID can be configured per CSI-report config or can be indicated by a field (e.g., SRS resource set indicator) in DCI format 0_1/2.
Regarding SRS, for P/SP-SRS (for CB, NCB, AS, and BM), a configurable ID can be configured per SRS resource set, and, similarly, additionally time-domain offset should be provided. For AP-SRS, a configurable ID can be configured per SRS triggering state. 
Proposal 7: On unified TCI framework extension for S-DCI MTRP, use RRC configuration of mapping between configured or indicated TCI state and configurable ID (rather than a fixed ID by a rule), which can be further associated with a DL/UL channel/RS.
· For PDSCH scheduled by DCI format 1_1/2 but without TCI selection field: all indicated joint/DL TCI state(s) are applied;
· For PUSCH scheduled/activated by DCI format 0_1/0_2 and Type-1 CG PUSCH, ONLY specify: its power control(s) are determined according to joint/UL state(s) associated with the indicated SRS resource set(s), in order to avoid timeline misalignment of indicated TCI and SRS transmission.
· For PDSCH scheduled by DCI format 1_0 and PUSCH scheduled by DCI format 0_0: the following behavior should be based on legacy as much as possible, considering co-existence between R-18 and before. 
· For PDSCH scheduled by DCI format 1_0: A joint/DL TCI state associated with scheduling CORESET/PDCCH is applied;
· For PUSCH scheduled by DCI format 0_0: A joint/UL TCI state associated with PUCCH resource with the lowest ID is applied.
· For following RSs, UE shall apply the indicated joint/DL/UL TCI state specific to a configurable ID value to the corresponding channel/RS that is associated with the same configurable ID value
· For AP-CSI-RS, a configurable ID can be configured per CSI-report config or can be indicated by a field (e.g., SRS resource set indicator) in DCI format 0_1/2;
· (Low-priority) For SP/P-CSI-RS, if extended, a configurable ID can be configured per CSI-RS resource (set);
· For AP-SRS (for CB/NCB/AS/BM), a configurable ID can be configured per SRS triggering state;
· (Low-priority) For P/SP-SRS (for CB/NCB/AS/BM), a configurable ID can be configured per SRS resource set.
2.2.4 CJT and SFN
In Rel-18 MIMO, up to 4 TRPs have been agreed to be supported in CJT operation, and then, for unified TCI extension for MTRP operation, we may need to consider whether more than one TCI indication for CJT should be supported or not. For sake of presentation, one diagram for CJT architecture, in which each of DMRS ports/layer is served by all TRP links, is shown in Figure 3.


Figure 3 Diagram for CJT architecture: each of DMRS ports/layer is served by all TRP links
Technically, compared with SFN, due to support for a higher RANK transmission, since each DMRS port/layer is served by all TRP links in CJT, T/F-sync consistency between CSI-RS for CSI and PDSCH should be guaranteed. Therefore, pre-compensating delay and/or frequency offset may be considered. 
· ‘Doppler shift’ offset across TRPs may introduce serious inter-layer interference, which can be hardly compensated by UE-side Wiener filter;
· ‘Average delay’ offset across TRPs may introduce serious frequency-selective fading (e.g., RE-level) or even inter-symbol interference. 
Above implies that even having more than one TCI state(s) but under the gNB pre-compensation for T/F in-sync, UE may only use a portion of QCL assumption in other TCI state(s) except for the first TCI state. In RAN1#111, TCI state(s) applied to CJT operation was discussed and then the following agreement was reached.
	Agreement
On unified TCI framework extension, PDSCH-CJT is supported as a S-DCI based MTRP scheme
Note: Above does not preclude discussions specific to PDSCH-CJT design in the unified TCI framework
Agreement
On unified TCI framework extension, down-select at least one of the following alternatives for PDSCH-CJT applying both indicated joint TCI states (if the UE supports two indicated joint/DL states for PDSCH-CJT):
· Alt1: PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA
· Alt2: PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA except for QCL parameters {Doppler shift, Doppler spread} of the second indicated joint TCI state
· Alt3: PDSCH DMRS port(s) is QCLed with the DL RS of the first indicated joint TCI state with respect to QCL-TypeA and QCLed with the DL RS of the second indicated joint TCI state with respect to QCL-TypeB



Based on the agreed EVM for CJT transmission in 9.1.2.1 CSI, we have the following evaluation results for comparing the above three alternatives based on SLS. It can be observed that, while having two individual TCI states, Alt2 and Alt3 can obtain significant performance gains compared with Alt1, i.e., via gNB side pre-compensation for TRP-specific Doppler shift and TRP-specific delay offset, respectively. 
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Figure 4 UPT comparison in second TCI state: (a) Alt 2, i.e., with Doppler compensation vs Alt 1 w.r.t. QCL-TypeA, i.e., without any compensation (in a case of 0.025ppm per TRP); (b) Alt 2, i.e., only w.r.t. QCL-TypeB with delay compensation vs Alt 1 w.r.t. QCL-TypeA, i.e., without any compensation (for inter-site scenario)
Proposal 8: On unified TCI framework extension, for PDSCH-CJT applying both indicated joint TCI states, both Alt 2 and Alt 3 should be supported for pre-compensating delay and/or frequency offset.
· Alt2: PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA except for QCL parameters {Doppler shift, Doppler spread} of the second indicated joint TCI state.
· Alt3: PDSCH DMRS port(s) is QCLed with the DL RS of the first indicated joint TCI state with respect to QCL-TypeA and QCLed with the DL RS of the second indicated joint TCI state with respect to QCL-TypeB.
Then, besides for S-DCI based mTRP operation, we may further consider the combination cases, like CJT-PDSCH + mDCI-based PUSCH, or CJT+CJT for M-DCI MTRP. In such case, we may need to consider how to group TCI state(s) for CJT or other mTRP operation.  
2.3 Signaling design on unified TCI operation for mTRP
In order to achieve flexible association between target channels and TCI states for MTRP operation, the following framework should be considered.
· RRC pool configuration: To apply unified TCI for MTRP, a common RRC pool can be configured for both TRPs. 
· MAC-CE activation: 
a) For S-DCI-based mTRP operation, one TCI state codepoint can be activated with one or more joint TCI states or DL/UL-TCI state pairs, each of which is associated with a configurable ID; 
b) For M-DCI based mTRP operation, one TCI state codepoint can be activated with only one joint TCI state or DL/UL-TCI state pair, which is associated with coresetPoolIndex.
· DCI indication: Joint or DL/UL TCI states in the indicated TCI state codepoint can apply to all channels/RSs associated with respective TRPs accordingly.
Proposal 9: Regarding unified TCI framework for MTRP, in MAC level,
· For S-DCI based mTRP operation, one TCI state codepoint can be activated with one or more joint TCI states or DL/UL-TCI state pairs, each of which is associated with configurable ID, e.g., CORESET group ID.
· For M-DCI based mTRP operation, one TCI state codepoint can be activated with only one joint TCI state or DL/UL-TCI state pair, and coresetPoolIndex can be additionally activated for activated TCI state(s) in the MAC-CE (analogous to legacy MAC-CE for M-DCI PDSCH TCI activation).
Then, for S-DCI based mTRP, a new indicator field for dynamic switching for sTRP and mTRP based PDSCH transmission has been supported in RAN1#111 as follows.
	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 dynamic switch mode configuration for scheduling PDSCH reception, it can be configured by RRC explicitly according to a new parameter, such as DynamicSwitch-r18. That is, once this parameter is enabled, the corresponding new indicator field is present.  
· When the dynamic switch mode is enabled, gNB needs to further indicate one or more TCI states for scheduled PDSCH from multiple indicated TCI states. In order to indicate TCI states more flexibly, we consider introducing TCI state selection function in DCI. For example, a new field (e.g., dynamic switch indicator) similar to “SRS resource set indicator” in DCI can be considered. 
· For instance, the definition for each codepoint is shown in Table 1. Besides for updating TRP-order, we can further consider that CJT/SFN mode can be enabled by a codepoint, i.e., once the corresponding codepoint is enabled, the UE shall apply both the 1st and the 2nd indicated joint/DL TCI states to all of DMRS ports in the scheduled/activated PDSCH reception.
Table 1 Dynamic TRP indication to scheduled PDSCH
	Codepoint
	Usage

	00
	Only use TCI state associated with TRP1

	01
	Only use TCI state associated with TRP2

	10
	Usage-1: Mapping order of {first TCI state, second TCI state} 
	Usage-2: Indicating a NCJT/TD-repetition PDSCH transmission using both TCI states

	11
	Usage-1: Mapping order of {first TCI state, second TCI state} 
	Usage-2: Indicating a CJT/SFN PDSCH transmission using both TCI states


Proposal 10: On unified TCI framework extension for S-DCI based mTRP operation, the new indicator field can indicate one of the following information for scheduled PDSCH transmission
· Information-1: TCI state selection, i.e., only the first TCI state, only the second TCI state or both are applied,
· Information-2: Mapping order if both TCI states are applied, i.e., first and second TCI state are applied by order in NCJT/TD-repetition, or second and first TCI states are applied by order in NCJT/TD-repetition
· Information-3: Transmission mode indication if both TCI states are applied, i.e., to which transmission mode of NCJT/TD-repetition and CJT/SFN, both TCI state(s) are applied.
3 TRP-specific BFR
In RAN1#110bis-e meeting, the TRP-specific BFR procedure was discussed and the following agreement was reached.
	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, due to lack of explicit association between DL/UL channel/RS and TRP in S-DCI, unfortunately we have NOT supported the implicit BFD-RS determination in such case, although we have an enhancement for MAC-CE based BFD-RS update. Based on the mapping between the indicated joint/DL TCI state and the configurable ID representing TRP as mentioned above, the implicit BFD-RS determination can be supported straightforwardly. In particular, if CORESET(s) is configured to apply both indicated joint/DL TCI states for PDCCH-SFN, it should be clarified that the BFD-RS is determine from which one of the indicated joint/DL TCI states.
Additionally, in Rel-17, only PDCCH/CORESET’s beam update in M-DCI based mTRP is supported. Then, after having the association between TRP and DL/UL channel/RS, the corresponding update for all DL/UL channels/RSs should be supported straightforwardly. Specifically,in the unified TCI framework, we have a clear framework for association between TRP and DL/UL channel/RS (e.g., a configured ID, e.g., CORESET group ID, proposed for SDCI-based MTRP and coresetPoolIndex for MDCI-based MTRP). Straightforwardly, once a given TRP (i.e., a BFD-RS set) fails, QCL assumption/spatial filter corresponding to DL/UL channel/RS associated with the same configured ID/coresetPoolIndex as the failed BFD-RS set should be updated according to the new identified RS (i.e., q_new).
Proposal 11: Support the enhancement on implicit BFD-RS determination for S-DCI based MTRP as well as beam update after NW response to TRP-specific BFR request for S-DCI and M-DCI based MTRP.
· Once a given TRP (i.e., a BFD-RS set) fails, QCL assumption/spatial filter corresponding to DL/UL channel/RS associated with the same configured ID (e.g., CORESET group ID)/coresetPoolIndex as the failed BFD-RS set should be updated according to the new identified RS (i.e., q_new).
4 UL power control for UL multi-panel transmission
In RAN1#109-e meeting, the uplink power control in case of UL multi-panel transmission was discussed and then the following agreement was reached.
	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.


In Rel-18, in order to support the enhancement of simultaneous multi-panel UL transmission, UL power control for simultaneous uplink transmissions from multiple panels should be further considered. Basically, the transmission power of an uplink channel/signal is determined based on Tx power calculation and equally power scaling. 
For Tx power calculation, the maximum output power or the power limitation (Pc,max) is an essential factor. Regarding the power limitation for STxMP, two assumptions in the agreement require reply from RAN4. In our views, both of these two assumptions are feasible so that need to be further analyzed.
· [bookmark: OLE_LINK1]Assumption 1: power limitation per panel for STxMP can be specified.
· Basically, Assumption-1 can be seen as a basis requirement from UE implementation/RF-architecture. 
· [bookmark: OLE_LINK2]Assumption 2: a total power limitation per UE over all UE panels used for STxMP can be specified.
· Based on FCC regulation and total power consumption for UE side, Assumption-2 should be specified by default (Notably, it is not just relevant to UE implementation issue). 
Since both of these two assumptions are need, the following analyses for power scaling and allocating schemes are reached. 
· Option 1: The sum of per-panel power limitation for STxMP equals to the existing power limitation for a given power class.
· In such option, the total calculated transmission power of signals/channels from multiple panels cannot be larger than the power limitation for a power class, and additional power scaling operation is not required.
· Option 2: The sum of per-panel power limitation for STxMP can be greater than the existing power limitation for a given power class.
· It should be noticed that, from UL transmission perspective, allowing that the sum of per-panel power limitation for STxMP can be greater than the existing power limitation for a given power class is beneficial for maximizing UL Tx power limitation (as what specified for EN/NE-DC). In such option, as shown in Figure 6, some diverse cases can be existed:
a) The calculated transmission power of one panel exceeds the panel-specific power limitation but the total calculated transmission does not exceed the power limitation for a power class; 
b) The calculated transmission power of one panel exceeds the panel-specific power limitation and the total calculated transmission exceeds the power limitation for a power class, 
c) The calculated transmission power for each panel does not exceed the panel-specific power limitation but the total calculated transmission exceeds the power limitation for a power class. 
[image: ]
Figure 5 Calculated transmission power for STxMP UL transmission in case of per-panel power limitation
Observation 4: On UE power limitation for STxMP UL transmission, both of the following two assumptions should be supported for different purposes.
· Assumption 1: power limitation per panel for STxMP UL transmission (as a requirement from UE RF architecture);
· Assumption 2: a total power limitation per UE over all UE panels that used for STxMP transmission (as a requirement from FCC requirement and UE total power saving).
Considering it is feasible and reasonable to configure power control related parameters for each panel individually (e.g., P0, alpha, PL-RS index and closed loop index.), calculating the transmission power for each panel separately based on the corresponding parameters is a straightforward solution. The detailed calculating formula can be quite similar to what defined in the legacy, and the details of the power scaling as well as allocating for the calculated transmission power of each panel should be taken into consideration.
Proposal 12: Regarding UL power control for UL multi-panel transmission, 
· Transmission power is calculated per panel based on the open loop parameters (i.e. P0 and alpha), closed loop and pathloss RS determined for the corresponding panel.
· FFS: whether and how to scale or allocate the total transmission power in case of exceeding the power limitation for STxMP UL transmission.

5 Conclusion
In this contribution, we provide our initial views on Rel-18 unified TCI framework. Observations/proposals are listed as follows.
Observation 1: Extension schemes on unified TCI framework for MTRP should be discussed case by case, rather than approving an ambiguous solution applied to all cases in a rush.  
Observation 2: Extension schemes for supporting dynamic TCI update for P/SP-CSI-RS/SRS on the unified TCI framework may break the semi-static gNB Tx/Rx spatial filter pattern in time-domain for accommodating cell-specific P/SP-RS architecture with low RS overhead (from NW perspective). 
Observation 3: Considering that sharing the same antenna port definitely means using the same Tx spatial filter, there may be two different timelines for updating spatial filter of a PUSCH transmission:
·  Timeline-1: Spatial filter is updated after beam application time (BAT) of the indicated joint/UL-TCI state update;
· Timeline-2: Spatial filter is determined according to the most recent SRS transmission before its scheduling PDCCH.
Observation 4: On UE power limitation for STxMP for FR2, both of the following two assumptions should be supported for different purposes.
· Assumption 1: power limitation per panel for STxMP (as a requirement from UE RF architecture);
· Assumption 2: a total power limitation per UE over all UE panels used for STxMP (as a requirement from FCC requirement and UE total power saving).

Proposal 1: Regarding the unified TCI framework for MTRP, a configurable ID can be introduced for achieving the association between TCI state(s) and DL/UL channel/RSs.
Proposal 2: Regarding the unified TCI framework for MTRP, reuse the legacy mechanisms to distinguish S-DCI and M-DCI based mTRP schemes from sTRP as follows:
· For S-DCI, activate more than one DL/joint-TCI state for at least one TCI codepoint in MAC-CE, 
· For M-DCI, configure coresetPoolIndex per CORESET.
Proposal 3: De-prioritize extension schemes on the unified TCI framework for P/SP-CSI-RS and P/SP-SRS
· If extending unified TCI state indication for P/SP-CSI-RS and P/SP-SRS, their corresponding time-domain offset should be updated simultaneously based on the indicated TCI state. 
Proposal 4: In order to prevent from potential timeline misalignment for PUSCH spatial filter update, at least one of the following should be considered:
· Option-1: Ignore joint/UL-TCI state update for PUSCH.
· Option-2: Postpone beam application time (BAT) for joint/UL-TCI state update for PUSCH, that is, the joint/UL-TCI state for PUSCH transmission is applied after the most recent SRS transmission applying the indicated TCI state.
Proposal 5: Justify whether the case of a UE only supporting a single default beam in M-DCI/S-DCI based operation should be considered in unified TCI framework extension for multi-TRP:
· If required, further study which indicated TCI state(s) can be used for PDSCH/AP-CSI-RS with scheduling/triggering offset < a threshold 
Proposal 6: On unified TCI framework extension for M-DCI MTRP,
· For Type1 CG-PUSCH, only specify: its power control(s) are determined according to joint/UL state(s) associated with the same coresetPoolIndex as related SRS resource set(s), in order to avoid timeline misalignment of indicated TCI and SRS transmission.
· For following channels/RSs, UE shall apply the indicated joint/DL/UL TCI state specific to a coresetPoolIndex value to the corresponding channel/RS that is associated with the same coresetPoolIndex value
· For PUCCH (regardless of dynamically indicated or not): coresetPoolIndex can be configured per PUCCH resource group;
· For AP-CSI-RS, coresetPoolIndex is determined according to PDCCH/CORESET triggering the AP-CSI-RS;
· (Low-priority) For SP/P-CSI-RS, if extended, coresetPoolIndex can be configured per CSI-RS resource (set), and then the corresponding time-domain offset should be updated simultaneously based on the indicated TCI state;
· For AP-SRS (for CB/NCB/AS/BM), coresetPoolIndex is determined according to PDCCH/CORESET triggering AP-SRS;
· (Low-priority) For P/SP-SRS (for CB/NCB/AS/BM), coresetPoolIndex can be configured per SRS resource set, and then the corresponding time-domain offset should be updated simultaneously based on the indicated TCI state.
[bookmark: _GoBack]Proposal 7: On unified TCI framework extension for S-DCI MTRP, use RRC configuration of mapping between configured or indicated TCI state and configurable ID (rather than a fixed ID by a rule), which can be further associated with a DL/UL channel/RS.
· For PDSCH scheduled by DCI format 1_1/2 but without TCI selection field: all indicated joint/DL TCI state(s) are applied;
· For PUSCH scheduled/activated by DCI format 0_1/0_2 and Type-1 CG PUSCH, ONLY specify: its power control(s) are determined according to joint/UL state(s) associated with the indicated SRS resource set(s), in order to avoid timeline misalignment of indicated TCI and SRS transmission.
· For PDSCH scheduled by DCI format 1_0 and PUSCH scheduled by DCI format 0_0: the following behavior should be based on legacy as much as possible, considering co-existence between R-18 and before. 
· For PDSCH scheduled by DCI format 1_0: A joint/DL TCI state associated with scheduling CORESET/PDCCH is applied;
· For PUSCH scheduled by DCI format 0_0: A joint/UL TCI state associated with PUCCH resource with the lowest ID is applied.
· For following RSs, UE shall apply the indicated joint/DL/UL TCI state specific to a configurable ID value to the corresponding channel/RS that is associated with the same configurable ID value
· For AP-CSI-RS, a configurable ID can be configured per CSI-report config or can be indicated by a field (e.g., SRS resource set indicator) in DCI format 0_1/2;
· (Low-priority) For SP/P-CSI-RS, if extended, a configurable ID can be configured per CSI-RS resource (set);
· For AP-SRS (for CB/NCB/AS/BM), a configurable ID can be configured per SRS triggering state;
· (Low-priority) For P/SP-SRS (for CB/NCB/AS/BM), a configurable ID can be configured per SRS resource set.
Proposal 8: On unified TCI framework extension, for PDSCH-CJT applying both indicated joint TCI states, both Alt 2 and Alt 3 should be supported for pre-compensating delay and/or frequency offset.
· Alt2: PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA except for QCL parameters {Doppler shift, Doppler spread} of the second indicated joint TCI state.
· Alt3: PDSCH DMRS port(s) is QCLed with the DL RS of the first indicated joint TCI state with respect to QCL-TypeA and QCLed with the DL RS of the second indicated joint TCI state with respect to QCL-TypeB.
Proposal 9: Regarding unified TCI framework for MTRP, in MAC level,
· For S-DCI based mTRP operation, one TCI state codepoint can be activated with one or more joint TCI states or DL/UL-TCI state pairs, each of which is associated with configurable ID, e.g., CORESET group ID.
· For M-DCI based mTRP operation, one TCI state codepoint can be activated with only one joint TCI state or DL/UL-TCI state pair, and coresetPoolIndex can be additionally activated for activated TCI state(s) in the MAC-CE (analogous to legacy MAC-CE for M-DCI PDSCH TCI activation).
Proposal 10: On unified TCI framework extension for S-DCI based mTRP operation, the new indicator field can indicate one of the following information for scheduled PDSCH transmission
· Information-1: TCI state selection, i.e., only the first TCI state, only the second TCI state or both are applied,
· Information-2: Mapping order if both TCI states are applied, i.e., first and second TCI state are applied by order in NCJT/TD-repetition, or second and first TCI states are applied by order in NCJT/TD-repetition
· Information-3: Transmission mode indication if both TCI states are applied, i.e., to which transmission mode of NCJT/TD-repetition and CJT/SFN, both TCI state(s) are applied.
Proposal 11: Support the enhancement on implicit BFD-RS determination for S-DCI based MTRP as well as beam update after NW response to TRP-specific BFR request for S-DCI and M-DCI based MTRP.
· Once a given TRP (i.e., a BFD-RS set) fails, QCL assumption/spatial filter corresponding to DL/UL channel/RS associated with the same configured ID (e.g., CORESET group ID)/coresetPoolIndex as the failed BFD-RS set should be updated according to the new identified RS (i.e., q_new).
Proposal 12: Regarding UL power control for UL multi-panel transmission, 
· Transmission power is calculated per panel based on the open loop parameters (i.e. P0 and alpha), closed loop and pathloss RS determined for the corresponding panel.
· FFS: whether and how to scale or allocate the total transmission power in case of exceeding the power limitation for STxMP UL transmission.
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