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Introduction
The WID [1] of MIMO evolution for downlink and uplink was agreed in RAN#94e meeting. According to the arrangement, the objectives related to this agenda item are collected and highlighted as below
2. 
3. 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.
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.

In this contribution, we present our initial view on the aspects of a) extending unified TCI state for multi-TRP operation, b) UL beam indication for simultaneous multi-panel transmission (STxMP), c) power control for sDCI based multi-TRP operation and d) other aspects for multi-TRP operation with low priority. 
Unified approach for extending unified TCI state for mTRP
From Rel.16 to Rel.17, the multi-TRP transmission schemes have been studied and continuously specified. In Rel.18, the enhancement on multi-TRP has been ongoing to facilitate STxMP in UL, if verified and supported. In a short summary, these transmission schemes can be listed for DL and UL separately as below. 
· DL transmission
· Rel.16 mTRP PDSCH (sDCI-mPDSCH, mDCI-mPDSCH, 1a/2a/2b/3/4)
· Rel.17 inter-cell multi-TRP (mDCI-mPDSCH)
· Rel.17 mTRP PDCCH repetition
· Rel.17 SFN PDCCH and SFN PDSCH (for HST)
· UL transmission
· Rel.17 mTRP PUCCH repetition
· Rel.17 mTRP PUSCH repetition
· Rel.18 simultaneous multi-panel transmission (to be specified, if needed)
In RAN1#109e (the very 1st meeting) of Rel.18 MIMO, though not clearly listing above-mentioned intra- and inter-cell MTRP schemes specified in Rel.16 and Rel.17 in the following agreement, we believe there is no ambiguity on which multi-TRP schemes the agreement refers to. Apparently, the coherent joint transmission (CJT) to be specified in Rel.18 was not agreed to be considered with unified TCI framework extension.
 [bookmark: _Hlk103767902]Agreement 
On unified TCI framework extension, consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17 
· Consider, if STxMP is supported, Rel-18 MTRP scheme(s) with STxMP

One of the key features of unified TCI state for MTRP operation is the shared beam indication/updating among all channels/signals (except some special cases). Note that some particular channels (e.g. non-UE-dedicated channel for receipt of paging) and signals (P/SP CSI-RS) can be indicated with another unified TCI state(s), rather than the shared one(s). 
From this sense, the unified TCI framework can unify the indicated/updated beam in DL and/or UL. However, for multi-TRP operation (up to 2 TRPs @FR2), this unified feature on beam indication/update should be properly split in a TRP-specific way. Specifically, if one unified TCI state is indicated for one TRP, it is only applicable to the DL and/or UL channel/signal associated with the TRP, rather than for the other TRP. Illustration can be found in Figure 1.


Figure 1 [bookmark: _Ref110956393]: MTRP operation with unified TCI framework extension
Proposal 1: Study how to split the unified TCI framework as TRP-specific for beam indication/updating with high priority.
Foundation of extending unified TCI state framework
For MTRP operation, up to 2 TRPs transmission are supported until Rel.17. For Rel.17 STRP operation, unified TCI state should be shared among DL channels/signals (UE-dedicated PDCCH/PDSCH and AP-CSI-RS) and UL channels/signals (PUCCH/PUSCH/SRS (except SRS for aperiodic beam management purpose)). For MTRP operation, each unified TCI state should be shared within its associated TRP.
Consider that two types of unified TCI state defined in Rel.17, i.e. joint TCI state and separate DL/UL TCI state. Each TRP can be associated with a set of unified TCI state(s). The set of unified TCI state(s) can be either 1 joint TCI state or 2 separate DL/UL TCI states. To differentiate two TRPs in specification, beam indication can be carried by the 1st set of indicated TCI state(s) and the 2nd set of indicated TCI states. In our view, that’s the foundation for the extension of unified TCI framework to MTRP. 
Proposal 2: Support the 1st set of indicated TCI state(s) for one TRP and the 2nd set of indicated TCI state(s) for the other TRP
· One set of indicated TCI state(s) can be either 1 joint TCI state or 2 separate DL/UL TCI states
· At least the set of indicated TCI state(s) can be used for discussion purpose
Signaling aspects on indicated TCI state(s)
Maximum number of indicated TCI state(s)
In RAN1#110, the following agreement on maximum number of indicated unified TCI states was reached. But it lacks of clarity on which types of TCI states it refers to.
Agreement
On unified TCI framework extension, for the target use cases agreed in RAN1#109-e in AI 9.1.1.1, up to 4 TCI states can be indicated in a CC/BWP or a set of CCs/BWPs in a CC list to DL receptions and/or UL transmissions, where these TCI states are indicated/updated by MAC-CE/DCI with the necessary MAC-CE based TCI state activation
· FFS: The possible combination(s) of joint/DL/UL TCI states that can be indicated to DL receptions and/or UL transmissions in a BWP/CC/TRP
· Note: This agreement does not imply that there will be more than 2 DL or UL or joint TCI states indicated in a CC/BWP for the target use cases agreed in RAN1#109-e in AI 9.1.1.1
· Note: The maximum number of TCI states that can be indicated to each of the target use cases agreed in RAN1#109-e in AI 9.1.1.1 is remained the same as in Rel-16/17
Note: The maximum number of TCI states that can be indicated simultaneously to CJT-based PDSCH reception and the required type(s) of TCI states (i.e., DL /UL/joint) are independently discussed in this AI


For the maximum number of indicated TCI states, i.e. M (for DL) and/or N (for UL), it is natural to align with single beam operation of STRP, i.e. limiting M<=2 and/or N<=2. Each TRP can be indicated with either 2 separate DL/UL TCI states (1 for DL and 1 for UL) or 1 joint TCI state. In our understanding, in above-mentioned agreement, up to 4 TCI states refer to separate DL/UL states for two TRPs. If the TCI states indicated are joint TCI states, then the maximum number should be up to 2 accordingly. We have to note that this applies to the target use cases agreed in RAN1#109-e in AI 9.1.1.1 including STxMP, but not for CJT which seems a separate discussion.
Proposal 3: On unified TCI framework extension, for the target use cases agreed in RAN1#109-e in AI 9.1.1.1, support up to 2 joint TCI states and 4 separate DL/UL TCI states.
The indicated TCI state(s) for PDSCH-CJT
As for CJT MTRP operation, there could be up to 4 TRPs simultaneously transmitting PDSCH to UE at FR1. TCI states carries DL RS (typically TRS) mainly for QCL-Type1 indication, i.e. for time/frequency tracking. To simply UE’s measurement/tracking on TRS, NW can send the same TRS using all the involved TRPs. And it can be transparent to UE that which TRPs are sending the TRS. This operation could be viewed as UE-specific SFN TRS and facilitate QCL assumption for CJT operation. 
On the other hand, to balance the flexibility of TRS configuration and UE reception complexity, one compromised agreement to support up to 2 indicated joint TCI states (with respective to UE capability) was achieved as below. 
Agreement
On unified TCI framework extension, up to 2 joint TCI states can be indicated by MAC-CE/DCI and applied to CJT-based PDSCH reception (PDSCH-CJT) in a BWP/CC configured with joint DL/UL TCI mode
· Support of 1 or 2 indicated joint TCI states for PDSCH-CJT is up to UE capability
· FFS: QCL type(s)/assumption(s) of the indicated joint TCI state(s) applied to PDSCH-CJT 
· Note: On how to inform UE to apply which indicated joint TCI state(s) to target channel(s)/signal(s) in the BWP/CC, it is discussed individually in AI 9.1.1.1

One remaining FFS point is the QCL type(s) of the indicated TCI state(s). In our understanding, the involved multiple TRPs for PDSCH-CJT normally located with similar distance to a UE, therefore the average delays of DL Tx to the UE are in the same range, i.e. smaller than a CP at FR1. If that’s the common case, there is no strong motivation adjust DL Tx timing per each TRP for a specific UE. As for the frequency domain, we note that in Rel.17 HST-SFN, UE can drop the Doppler-related QCL parameters, but that’s for the high-speed train scenario. For PDSCH-CJT, it seems UEs moving with high velocity are not commonly assumed. 
Observation 1: For PDSCH-CJT, there seems no strong motivation to adopt frequency-domain and/or time-domain pre-compensation at TRP side. 
With above being said, we didn’t identify any strong reason to modify the UE behavior on existing QCL rule, i.e. reusing QCL-TypeA, QCL-TypeB and QCL-TypeC for PDSCH-CJT at FR1. 
Proposal 4: When 1 or 2 joint TCI state(s) indicated for PDSCH-CJT at FR1, reuse existing QCL type(s)/assumption(s). 
Signaling medium of UTCI for M-DCI MTRP
In RAN1#110bis-e, the following agreements on signaling medium for M-DCI MTRP were achieved. In the 1st agreement, MAC CE is to be designed for TCI states activation per TRP, i.e. by adding the CORESETPoolIndex and the TCI field in DCI indicates UTCI for channel(s)/signal(s) associated with respect to the same CORESETPoolIndex. The 2nd agreement is about what type and how many joint or separate TCI states can be mapped into one TCI codepoint. 
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

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)


Signaling medium of UTCI for S-DCI MTRP
In RAN1#109e, one agreement for at least S-DCI MTRP was achieved as below.
Agreement @ 109e
On unified TCI framework extension at least for single-DCI based MTRP, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate multiple joint/DL/UL TCI states in a CC/BWP or a set of CCs/BWPs in a CC list
· FFS: Detail of mapping joint/DL/UL TCI state ID(s) to a TCI codepoint, e.g., possible combinations of joint, DL, and/or UL TCI state IDs that can be mapped to a TCI codepoint
· FFS: Whether to increase the max number of MAC CE activated TCI codepoints, i.e., more than 8 codepoints
· FFS: Whether to increase the max number of TCI field bits, i.e., more than 3 bits
· Note: This doesn't imply that support of one additional TCI field or a field associating the TCI field to the TRP(s) is precluded
Note: The term TRP is used only for the purposes of discussions in RAN1 and whether/how to capture this is FFS

From signaling perspective, there could be up to 4 (M = 2, N = 2) separate DL/UL TCI states or 2 (M = N = 2) joint TCI states to be carried by MAC CE or MAC CE + DCI. Assuming above are agreeable, then the total number of TCI states in one TCI codepoint reaches up to 4 for separate DL/UL TCI states and up to 2 for joint TCI states. In addition, given the conclusion made in RAN1#110bis-e that only joint or separate TCI states can be configured per serving cell. 
Conclusion 
On unified TCI framework extension in Rel-18, there is no consensus to support simultaneous configuration of both joint and separate DL/UL TCI modes in a serving cell.


Correspondingly, MAC CE should be extended to facilitate up to 4 separate DL/UL TCI states or 2 joint TCI states per codepoint. 
Proposal 5: For S-DCI MTRP, enhance MAC CE to facilitate up to 4 separate DL/UL TCI states or 2 joint TCI states per codepoint. 
At least for joint TCI states, there seems no need to increase the maximum number of TCI codepoints. Recall the MAC CE design for S-DCI based M-PDSCH in Rel.16, there are also 8 codepoints and each codepoint may include one or two legacy TCI state(s). 
Observation 2: At least for joint TCI states, it’s unnecessary to increase the maximum number of codepoints (i.e. 8 codepoints in legacy MAC CE). 
In RAN1#110bis-e, the following agreement on DCI based signaling was made and to be down selected. 
Agreement 
On unified TCI framework extension for S-DCI based MTRP, down-select one alternative from the followings in RAN1#111:
· Alt1: 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 of the two TRPs or both TRPs in a CC/BWP or a set of CCs/BWPs in a CC list
· Alt2: 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) only specific to one of the two TRPs in a CC/BWP or a set of CCs/BWPs in a CC list
· Note: According to the agreement in RAN1#109-e, support of one additional TCI field or a field associating the TCI field to the TRP(s) is not precluded
Note: It has been agreed to use the existing TCI field for TCI state indication for S-DCI based MTRP in RAN1#109e
Note: The term TRP is used only for discussion purpose in RAN1 and whether/how to capture this is FFS
FFS: The behavior if the UE receives a beam indication DCI that indicates joint/DL/UL TCI state(s) for one TRP
· 

Given proper MAC CE design, it is possible that one codepoint in DCI could correspond to the TCI state(s) for 1 or 2 TRP(s). This beam indication mechanism (Alt1 in above agreement) was supported starting from Rel.16. In Rel.18, we see no strong reason to not follow it. For DCI format 1_1/1_2, it seems enough to reuse the maximum number of TCI field bits (i.e. 3 bits). Moreover, we didn’t see any strong motivation to insert additional TCI-related field in these DCI. On the other hand, we have to consider the UE decoding complexity on PDCCH when more DCI formats are introduced. 
As for Alt2, the existing TCI field can only indicate TCI state(s) specific to one TRP. That’s the beam indication for M-DCI MTRP, rather than for S-DCI MTRP. If Alt.2 were agreeable for S-DCI MTRP, then there should be another TCI field (from repurposing the existing DCI fields or by adding new DCI field) to carry indicated TCI state(s) for the other TRP. 
Proposal 6: For S-DCI MTRP, support (Alt1) the existing TCI field in DCI format 1_1/1_2 to indicate joint/DL /UL TCI state(s) for one of the two TRPs or both TRPs in one beam indication instance.
TCI state updating mechanism
In Rel.15/16, beam indication for PDSCH (either STRP or MTRP) can be based on dynamic TCI state indication in DL DCI. The indicated TCI state(s) is (are) applicable for the scheduled PDSCH on its occasion(s). The indicated TCI state will not last for the upcoming slots. 
Different from the legacy TCI indication, the unified TCI state in Rel.17 is applicable after BAT until next round of unified TCI state indication. The indicated unified TCI state will last for an uncertain period until next update from NW. For S-DCI, one set or two sets of unified TCI state(s) can be indicated to update previously applicable ones. For the case (shown in Figure 2) when one set of TCI state is indicated and previously two sets of indicated TCI states are applicable, one issue is whether UE should maintain the other set of TCI state(s) to facilitate MTRP operation as configured. In our view, this issue should be studied and given considerable attention.


Figure 2 [bookmark: _Ref110960391]: DCI partially updating the set of unified TCI state(s)
Proposal 7: For the case when two sets of indicated TCI states are updated by only one set, study unified TCI state updating mechanism, i.e. whether UE should maintain two sets of indicated TCI states or fallback to STRP operation. 
Association between M-DCI MTRP and indicated TCI state(s)
Regarding on whether the RRC parameter CORESETPoolIndex is presented or absent, the difference between S-DCI and M-DCI based MTRP operation can be identified. Given the current available solutions for both operations, it seems unified solutions for S-DCI and M-DCI MTRP cannot be easily achieved. The reason lies in the fact that for both operations, we cannot expect RRC signaling to configure all the same association/mapping for each channel and each S-DCI/M-DCI MTRP operation. Not to mention the fact that the association/mapping for S-DCI MTRP is still not widely discussed yet.
Observation 3: Unified solution for S-DCI and M-DCI MTRP beam indication cannot be easily achieved.
In RAN1#110bis-e, the following agreement on TCI state indication for PDCCH and scheduled or activated PDSCH was achieved.
Agreement
On unified TCI framework extension for M-DCI based MTRP:
· The UE shall apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PDCCH on a CORESET that is associated with the same coresetPoolIndex value
· The UE shall apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PDSCH scheduled/activated by PDCCH on a CORESET that is associated with the same coresetPoolIndex value
· FFS: Other channel(s)/signal(s) that has explicit or implicit association with a coresetPoolIndex value
· FFS: Other channel(s)/signal(s) that doesn’t have association with a coresetPoolIndex value
Above are applicable to the CORESET(s) that is configured/allowed to follow the indicated joint/DL TCI state
FFS: The configuration/rule to configure/allow CORESET(s) to follow the indicated joint/DL TCI state, including the option to reuse the same configuration/rule as in Rel-17 unified TCI framework

Other channel(s)/signal(s) associated CORESETPoolIndex
Besides PDCCH and scheduled/activated PDSCH, there are other channel(s)/signal(s) which can be either explicitly or implicitly associated with a CORESETPoolIndex. For DG PUSCH and Type 2 CG PUSCH, UL DCI in a CORESET with a CORESETPoolIndex could be used by NW. Hence, the scheduled or activated PDSCH is implicitly associated with the CORESETPoolIndex. For PUCCH carrying at least separate HARQ for scheduled PDSCH, it can be considered as implicitly associated with a CORESETPoolIndex as well. For aperiodic CSI-RS and SRS, DCI in a CORESET with a CORESETPoolIndex can be used to trigger RS reception and transmission respectively. 
For above-mentioned channel(s)/signal(s) which can be associated with a CORESETPoolIndex, the UE shall apply the indicated joint/DL/UL TCI state indicated/updated by PDCCH on a CORESET that is associated with the same coresetPoolIndex value.
Proposal 8: For channel(s)/signal(s) that can be associated with a CORESETPoolIndex, support to apply the joint/DL/UL TCI state(s) indicated by PDCCH on a CORESET that is associated with the same CORESETPoolIndex value. 
Other channel(s)/signal(s) not associated CORESETPoolIndex
For channel(s)/signal(s), it is possible that they cannot be associated with a CORESETPoolIndex. For instance, Type1 SPS PDSCH and Type 1 CG PUSCH are purely based on RRC configuration. For PUCCH carrying SR and CSI, it seems hard to associate such PUCCH transmission to a specific TRP from UE’s perspective. For P/SP CSI-RS and P/SP SRS, the signaling relies on RRC configuration and/or MAC CE activation/deactivation, hence not related to any DCI (associated with a CORESETPoolIndex). 
Under such circumstances, we think the RRC configuration can be a good solution. For instance, NW could configure the above-mentioned channel(s)/signal(s) to follow either the 1st set or the 2nd set or both sets of indicated TCI state(s).
Proposal 9: For channel(s)/signal(s) those are not associated with a CORESETPoolIndex, support to use RRC signaling to configure whether to follow the 1st set, the 2nd set, both sets, or none of the indicated TCI state(s). 
Association between S-DCI MTRP and indicated TCI state(s)
Since we have defined the 1st set and 2nd set of indicated TCI states, next it’s necessary to associate/map the sets of indicated TCI states with/to DL or UL channels. Let’s next present our view per each channel when considering previous agreements. 
PDCCH
Consider the case that when S-DCI schedules M-PDSCH or M-PUSCH. Two sets of TCI states in the S-DCI are indicated for two PDSCHs or associated with two PUSCHs. Then which one of the two sets of indicated TCI states would be applied to PDCCH itself seems unclear.
In RAN1#110bis-e, the agreement for down selection on TCI state indication for PDCCH was made. RAN1 agreed to adopt RRC signaling to indicate UE’s behavior on PDCCH reception. Specifically, for one specific CORESET, NW could configure the indicated TCI state(s) to be applied, i.e. the 1st one, 2nd one, both or 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)


One remaining issue to be handle is whether to apply such RRC configuration on a per CORESET basis or per CORESET group. For S-DCI MTRP, one clear boundary from M-DCI MTRP is whether the implicit downlink “TRP ID”, i.e. CORESETPoolIndex can be configured or not. If CORESETs can be grouped for S-DCI MTRP, we then see no major difference from M-DCI MTRP. Moreover, configuration a group of CORESETs with the same indicated TCI state(s) may lack of flexibility but provide no additional benefits. 
Proposal 10: For PDCCH of S-DCI MTRP, RRC informs which TCI state(s) to apply per CORESET.
PDSCH
In Rel.15/16, the indicated TCI state(s) implies either STRP or MTRP PDSCH transmission. But as for DL/joint TCI state, since there is HARQ feedback for the DCI indicating unified TCI states and BAT, the indicated DL/joint TCI state(s) is (are) not applicable when receiving PDSCH depicted in Figure 3. Hence, the indicated DL/joint TCI state(s) cannot be directly used by UE to identify STRP or MTRP transmission. But this legacy feature of dynamic switched STRP or MTRP PDSCH should be supported when using unified TCI state.
Give very limited gap between PDCCH and scheduled PDSCH, UE may not be able to prepare proper Rx beam corresponding to the newly indicated TCI state(s), but UE can read the number of indicated TCI state in TCI field, e.g. 1 or 2 indicated TCI state(s) in the scheduling DCI before applicable time. The number of indicated TCI state(s) can be referred by UE to identify either STRP or MTRP PDSCH transmission
Observation 4: Before BAT, the indicated joint/DL TCI state(s) would not be applicable, but the number of indicated joint/DL TCI state(s) can be referred by UE after decoding DCI content to identify either STRP or MTRP PDSCH. 


Figure 3 [bookmark: _Ref110962818]: STRP/MTRP PDSCH dynamic switch
In RAN1#110bis-e, the beam indication for S-DCI MTRP PDSCH was heavily discussed, but no conclusion yet. Two approaches were welcomed by two groups. One approach is to apply DCI to inform joint/DL TCI state(s) for PDSCH. But considering the BAT restriction, the indicated TCI state in the existing TCI field cannot be directly used, since UE needs some time, e.g. 7/14/28 OFDM symbols to prepare PDSCH reception. Further studies on this aspect was touched. One is to add new field in DCI, the other method is to reuse existing DCI field for the same purpose. But anyway, there could be beam application time issue between scheduling DCI and scheduled PDSCH. Analogously, we may also consider to introduce one scheduling threshold, which should be compared with a UE capability, e.g. TimeDurationForQCL. 
Proposal 11: For S-DCI MTRP PDSCH, support to use a DCI format 1_1/1_2 to inform which joint/DL TCI state(s) UE shall apply
· The number of indicated TCI state(s) (as existing field in DCI) can be used to identify dynamic switch between STRP and MTRP PDSCH
The other approach is to use RRC signaling to control UE’s behavior on PDSCH reception. It is simple, but lack of support for dynamic switch between STRP and MTRP PDSCH. As we target to extend UTCI for MTRP, the legacy functions in MTRP should be supported when using unified TCI. 
One compromised solution proposed in RAN1#110bis-e was to nest the signaling by putting RRC configuration or fixed rule on higher layer over DCI signaling. Specifically, in our understanding, RRC signaling works on whether or not to apply the indicated TCI state(s) in DCI for PDSCH. If RRC turns it OFF, UE applies the DL/joint TCI state(s) pre-configured by RRC or according certain fixed rule; otherwise (RRC turns it ON), UE applies the indicated TCI state(s) via either existing field or newly added field in DCI. We are open for the discussion to address this issue in a compromised solution.
Proposal 12: For S-DCI MTRP PDSCH, study the nested signaling approach for indicated TCI state(s), i.e. RRC or fixed rule with DCI signaling. 
PUCCH
In Rel.17, either STRP or MTRP PUCCH depends on how many spatial relation information(s) is (are) activated by MAC CE per PUCCH resource. Specifically, if two spatial relation information are activated, it’s MTRP PUCCH repetition; otherwise the STRP PUCCH should be transmitted by UE. 
In RAN1#110bis-e, the following agreement was reached on UTCI extension for PUCCH. Four alternatives were provided to inform the association between UL/joint TCI state(s) and PUCCH. The 1st two alternatives involve RRC signaling. More specifically, Alt.1 directly associates indicated UL/joint TCI state(s) to a PUCCH resource or resource group, whereas Alt.2 indirectly build the association via a CORESET group. But the drawback of Alt2 lies on the fact that not all PUCCH resources are scheduled/activated by the DCI in the associated CORESET, such as the PUCCH carrying periodic CSI reporting.
Besides the RRC approach, Alt.3 uses MAC CE to inform the association between indicated joint/UL TCI and PUCCH resource or resource group, respectively. In our understanding, MAC CE in legacy NR can switch spatial relation(s) of PUCCH, but not necessarily to modify the association. In our view, such association between indicated TCI state(s) and PUCCH resource/resource group should be somehow more stable.
Agreement
On unified TCI framework extension for S-DCI based MTRP, down-select one alternative from the followings in RAN1#111 for PUCCH transmission:
· Alt1: Use RRC configuration to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/ group
· Alt2: Use RRC configuration to inform the association between a CORESET group and a PUCCH resource/group, and the indicated joint/UL TCI state(s) associated with the CORESET group applies to the PUCCH resource/group associated with the same CORESET group
· Alt3: Use MAC-CE to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group
· Note: the association indicates whether the UE shall apply the first one, the second one, or both of the joint/UL TCI states indicated by DCI/MAC-CE to a PUCCH resource/group

Proposal 13: On UTCI extension for PUCCH, apply RRC configuration (Alt1) to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/resource group.
PUSCH
In Rel.17, the TDM-based PUSCH repetition toward different TRPs was specified to enhance UL data reliability. Specifically, two SRS resource sets can be signaled with different orders for MTRP UL transmission. The association between TRPs and UL scheduling information (e.g. TPMIs, SRIs) is signaled to UE as well. STRP transmission can also be dynamically switched ON by indicating one SRS resource set. The beam indication for PUSCH repetition is based on legacy spatial relation information. 
In RAN1#110bis-e, the following agreement was achieved on UTCI extension for S-DCI MTRP. Two alternatives were to be down selected and to address the beam indication issue based on UL/joint TCI state(s). 
[bookmark: _Hlk118122845]Agreement
On unified TCI framework extension for S-DCI based MTRP, down-select one alternative from the followings in RAN1#111 for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2:
· Alt1: 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
· Alt2: PUSCH transmission scheduled/activated by the DCI format 0_1/0_2 follows the spatial domain transmission filter(s) used for the SRS resource(s) indicated by the DCI format 0_1/0_2
· FFS: PL-RS(s), and UL PC parameter setting(s) (including P0, alpha, and closed loop index) for the PUSCH

In our understanding, Alt1 could reuse the fields of UL scheduling DCI, such as the field of SRS resource set(s) which in Rel.17 PUSCH MTRP controls STRP or MTRP transmission. Hence, it is reasonable to build the mapping between SRS resource sets and the sets of indicated UL/joint TCI states. Specifically, the 1st set and 2nd set of indicated UL/joint states are associated with the 1st and 2nd SRS resource sets respectively. All the SRS resources with an SRS resource set follow the associated UL/joint TCI state. Of course, the association relation can be reversed (e.g. 1st set and 2nd set of indicated UL/joint TCI state associated with 2nd and 1st SRS resource set, respectively) by NW configuration. In addition, we don’t think it’s necessary to introduce a new field in DCI for the same function in Alt1. 
For Alt.2, in our reading, PUSCH follows the Tx beam(s) of indicated SRS resource(s) in UL scheduling DCI, assuming SRS resource(s) apply the indicated UL/joint TCI state(s). Note that each SRS resource can be indicated with one UL/joint TCI state. Eventually, if all SRS resources with an SRS resource set follow a single UL/joint TCI state, then we see no technical difference between Alt1(except introducing a new field in DCI) and Alt2. If that’s the case, we should try to merge Atl1 and Alt2 to capture different aspects together.
Proposal 14: For MTRP PUSCH repetition and STxMP, support (Alt1) to associate/map the sets of indicated UL/joint TCI states to the SRS resource sets for beam indication.
Unified TCI state for UL power control
In Rel.17, the UL power control parameters, i.e. PL-RS, and the set of alpha, P0 and CLI, can be optionally associated with UL/joint TCI state. This association can be considered as beam-level power control, which can be simply extended from STRP to MTRP by reusing similar approach as in Rel.17 unified TCI state design but on a per TRP basis. In RAN #109e, the following agreement was reached to associate the indicated UL/joint TCI state with UL PC parameters. 
Agreement
On unified TCI framework extension, if an indicated joint or UL TCI state applies to a PUSCH /PUCCH transmission occasion at least for S-DCI based PUSCH/PUCCH repetition with TDM and the indicated joint or UL TCI state is associated with an UL PC parameter setting for PUSCH /PUCCH (including P0, alpha for PUSCH, and closed loop index) and a PL-RS, the UE should apply the UL PC parameter setting and the PL-RS for the PUSCH /PUCCH transmission occasion.
· FFS: How to extend to other Rel-18 MTRP scheme(s) with STxMP, if supported 
· FFS: UL PC enhancement for CB and non-CB SRS in above case
FFS: The applied UL PC parameter setting if one or both indicated joint or UL TCI state(s) is not associated with an UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) for PUCCH/PUSCH

In Rel.17 for MTRP PUSCH repetition, two SRS resource sets can be mapped to two SRIs in UL scheduling DCI. The SRI field in DCI format 0_1/0_2 can dynamically indicate the UL PC parameters. The SRS resource set(s) can also be associated with UL/joint TCI state(s) to determine the indicated/updated UL beam(s) for transmission. Hence, the power control association chains can be descripted as in Figure 4 where the UL PC parameter set associated with UL/joint TCI state could be different from the one indicated by SRI. Since at each end of this chain, the UL PC parameter set is optionally managed (configured/activated) by NW. This potential power control parameter collision can be handled by NW via implementation. 


Figure 4 [bookmark: _Ref102124681]: UL power control parameter set chains
Observation 5: Potential UL PC parameter set collision (one set from associated UL/joint TCI state and another set from indicated SRI) can be and should be addressed by NW via implementation. 
It is one possible configuration that one (but not both) indicated UL/joint TCI state(s) is not associated with UL PC parameters for PUCCH/PUSCH, and the other indicated UL/joint TCI state is associated with UL PC parameter set for the other TRP. For the one not associated with UL PC parameter set, the default UL PC parameter set defined in Rel.17 can be reused, but this default one is on a per channel basis, rather than per TRP. 
For the case when both indicated UL/joint TCI states are not associated with UL PC for PUCCH/PUSCH, apparently the only one UL PC parameter set cannot properly serve transmission toward to two TRPs. It seems natural to have two default UL PC parameter sets for two TRPs. 
Moreover, for PUSCH 1 or 2 UL PC parameter set(s) can be associated with the indicated SRS resource set(s) with usage of CB/NCB. However, for PUCCH, the Rel.15/16 UL PC parameter configured in PUCCH-SpatialRelationInfo cannot be used, since spatial relation is not allowed to be co-existed with UL/joint TCI state in the same serving cell. 
Proposal 15: For the cases when 1 or 2 indicated UL/joint TCI state(s) is (are) not associated with UL PC parameter set(s), support two default UL PC parameter sets.
Beam reporting enhancement for STxMP
In Rel.17, the fast panel selection was intensively discussed and finally specified with introduced UE capability set. Specifically, UE reports the selected panel type(s) (rather than the panel entity ID) associated with beam index(es) and performance metric, e.g. L1-RSRP. With these panel related beam reporting, NW indicates UL/joint TCI state which may contain the DL RS associated with the reported CRI/SSBRI. With such beam indication, single panel can be selected by UE for UL transmission, if symmetric panels deployed at UE. 
In UE capability set, Rel.17 only specifies the number of SRS antenna port(s) to represent a panel type. However, there could be cases that two different panels (panel #A with maximum rank 4 and panel #B with maximum rank 2) have the same number of SRS ports (e.g. 4 in this case). With such beam reporting, NW cannot know the rank limit for UE selected panel. To facilitate UL scheduling, it would be helpful to let NW know more on the UL transmission capability of each UE panel. Therefore, along with the number of SRS antenna port(s), we suggest to add more attribute as UE capability set.  
Proposal 16: To enhance panel-specific beam reporting, add the maximum number of supported layer(s) into UE capability set for STxMP.
Moreover, another artificial restriction in Rel.17 should be relaxed in Rel.18, i.e. allowing the reported UE capability sets to have the same value, e.g. the same number of SRS antenna port(s) and maximum supported layer(s). From our experience, the symmetric antenna panel implementation is very common among commercial UEs. Assuming the case that when two same panels are deployed at UE, only one panel can be selected and therefore STxMP may not be enabled, at least for the function of multi-panel beam reporting. 
Proposal 17: For STxMP, the beam reporting with UE capability set should be relaxed to allow symmetric panel implementation reported within one beam reporting instance in Rel.18.
BFR enhancement using unified TCI states
In Rel.17, when unified TCI states configured and activated, the procedure of beam failure recovery can recover DL and UL new beam for PDCCH/PDSCH/AP-CSI-RS and PUCCH/PUSCH/SRS respectively. That results in the unified new beam for DL and/or UL. Similarly, for extending unified TCI states to MTRP, the similar UE behavior on beam setting can be studied and investigated as well. But given current status, this issue can be with low priority. 
In RAN1#110bis-e, the following agreement was achieved for TRP-specific BFR using unified TCI state
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

Proposal 18: When unified TCI state applied, support to extend the Rel.17 beam reset/update rule for TRP-specific BFR.
Conclusion
In this section, allow us to repeat our proposals and observations
Proposal 1: Study how to split the unified TCI framework as TRP-specific for beam indication/updating with high priority.
Proposal 2: Support the 1st set of indicated TCI state(s) for one TRP and the 2nd set of indicated TCI state(s) for the other TRP
· One set of indicated TCI state(s) can be either 1 joint TCI state or 2 separate DL/UL TCI states
· At least the set of indicated TCI state(s) can be used for discussion purpose
Proposal 3: On unified TCI framework extension, for the target use cases agreed in RAN1#109-e in AI 9.1.1.1, support up to 2 joint TCI states and 4 separate DL/UL TCI states.
Proposal 4: When 1 or 2 joint TCI state(s) indicated for PDSCH-CJT at FR1, reuse existing QCL type(s)/assumption(s). 
Proposal 5: For S-DCI MTRP, enhance MAC CE to facilitate up to 4 separate DL/UL TCI states or 2 joint TCI states per codepoint. 
Proposal 6: For S-DCI MTRP, support (Alt1) the existing TCI field in DCI format 1_1/1_2 to indicate joint/DL /UL TCI state(s) for one of the two TRPs or both TRPs in one beam indication instance.
Proposal 7: For the case when two sets of indicated TCI states are updated by only one set, study unified TCI state updating mechanism, i.e. whether UE should maintain two sets of indicated TCI states or fallback to STRP operation. 
Proposal 8: For channel(s)/signal(s) that can be associated with a CORESETPoolIndex, support to apply the joint/DL/UL TCI state(s) indicated by PDCCH on a CORESET that is associated with the same CORESETPoolIndex value. 
Proposal 9: For channel(s)/signal(s) those are not associated with a CORESETPoolIndex, support to use RRC signaling to configure whether to follow the 1st set, the 2nd set, both sets, or none of the indicated TCI state(s). 
Proposal 10: For PDCCH of S-DCI MTRP, RRC informs which TCI state(s) to apply per CORESET.
Proposal 11: For S-DCI MTRP PDSCH, support to use a DCI format 1_1/1_2 to inform which joint/DL TCI state(s) UE shall apply
· The number of indicated TCI state(s) (as existing field in DCI) can be used to identify dynamic switch between STRP and MTRP PDSCH
Proposal 12: For S-DCI MTRP PDSCH, study the nested signaling approach for indicated TCI state(s), i.e. RRC or fixed rule with DCI signaling. 
Proposal 13: On UTCI extension for PUCCH, apply RRC configuration (Alt1) to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/resource group.
Proposal 14: For MTRP PUSCH repetition and STxMP, support (Alt1) to associate/map the sets of indicated UL/joint TCI states to the SRS resource sets for beam indication.
Proposal 15: For the cases when 1 or 2 indicated UL/joint TCI state(s) is (are) not associated with UL PC parameter set(s), support two default UL PC parameter sets.
Proposal 16: To enhance panel-specific beam reporting, add the maximum number of supported layer(s) into UE capability set for STxMP.
Proposal 17: For STxMP, the beam reporting with UE capability set should be relaxed to allow symmetric panel implementation reported within one beam reporting instance in Rel.18.
Proposal 18: When unified TCI state applied, support to extend the Rel.17 beam reset/update rule for TRP-specific BFR.

Observation 1:  For PDSCH-CJT, there seems no strong motivation to adopt frequency-domain and/or time-domain pre-compensation at TRP side. 
Observation 2: [bookmark: _GoBack]At least for joint TCI states, it’s unnecessary to increase the maximum number of codepoints (i.e. 8 codepoints in legacy MAC CE). 
Observation 3: Unified solution for S-DCI and M-DCI MTRP beam indication cannot be easily achieved.
Observation 4: Before BAT, the indicated joint/DL TCI state(s) would not be applicable, but the number of indicated joint/DL TCI state(s) can be referred by UE after decoding DCI content to identify either STRP or MTRP PDSCH. 
Observation 5: Potential UL PC parameter set collision (one set from associated UL/joint TCI state and another set from indicated SRI) can be and should be addressed by NW via implementation. 
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