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1 Introduction
Rel-18 MIMO evolution for downlink and uplink [1] will specify extension of the unified TCI framework to MTRP case, UL beam indication enhancements for PUCCH/PUSCH with simultaneous multi-panel UL transmission and power control enhancements. 
In RAN1 109e meeting [2], the following agreements have been made.
	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 
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
Agreement
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
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 (approved on May 24th, see below).
Agreement
On unified TCI framework extension for M-DCI based MTRP, consider the following alternatives for TCI state update:
· Alt1: Reuse the same TCI state update scheme for S-DCI based MTRP
· Atl2: Use the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values to indicate the joint/DL/UL TCI state(s) corresponding to the same CORESETPoolIndex value
· Alt3: Use the existing TCI field in any DCI format 1_1/1_2 (with or without DL assignment) to indicate all joint/DL/UL TCI states corresponding to both CORESETPoolIndex values
· Study the association between the indicated joint/DL/UL TCI state(s) and a CORESETPoolIndex value
· Alt4: Use the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values to indicate joint/DL/UL TCI state(s) corresponding to the same or different CORESETPoolIndex value.
· Study whether the indicated joint/DL/UL TCI state(s) applies to the channels/signals associated with the same CORESETPoolIndex value or different CORESETPoolIndex value is indicated by DCI
Agreement
On unified TCI framework extension for S-DCI based MTRP, consider at least the following alternatives to map/associate a joint/DL TCI state to PDCCH reception(s)
· Atl1: Use RRC configuration to inform the mapping/association between a configured or indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt2: Use RRC configuration to inform the mapping/association between a configured or indicated joint/DL TCI state and a search space set
· Alt3: Use MAC-CE to inform the mapping/association between an activated or indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt4: Use DCI to inform the mapping/association between an indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt5: Based on a fixed mapping/association rule, e.g., the first indicated joint/DL TCI state always applies to PDCCH receptions
Consider above alternatives for PDCCH repetition, PDCCH-SFN, PDCCH w/o repetition/SFN, and potential support of dynamic switching between S-TRP and M-TRP for PDCCH. It is not precluded to adopt one single alternative or multiple alternatives to support these cases.



In this paper, we discuss possible enhancements on these scopes in more details.

2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
2.1 Extension to multiple TCI states
The specification work in Rel-18 needs to provide the methods to indicate multiple TCI states via existing TCI field in DCI in single-DCI mode. According to the discussion in RAN1 109e, ‘multiple TCI states’ at least includes the following possible TCI state combinations.
· 1 indicated joint TCI state + 1 indicated joint TCI state
· 1 pair of indicated DL and UL TCI states + 1 pair of indicated DL and UL TCI states
· 1 pair of indicated DL and UL TCI states + 1 indicated DL TCI state
· 1 pair of indicated DL and UL TCI states + 1 indicated UL TCI state
In addition, the following TCI state combinations are also possible and have their own application scenarios.
· 1 indicated joint TCI state + 1 pair of indicated DL and UL TCI states
· 1 indicated joint TCI state + 1 indicated DL TCI state
· 1 indicated joint TCI state + 1 indicated UL TCI state
The various TCI state combinations may require very different signalling formats. For one TCI codepoint, it may correspond to {1,2,3,4} different TCI states, and the mapping between TCI states and TCI codepoint may be activated by MAC CE. One of the possible mapping relationships can be shown using the following table.
Table 1 Possible TCI state combinations
	TCI codepoint
	1st TCI state (TCI state pair)
TCI state(s) for 1st TRP
	2nd TCI state (TCI state pair) 
TCI state(s) for 2nd TRP

	x
	Joint TCI state ID x1
	DL TCI state ID x1
	Joint TCI state ID x2
	DL TCI state ID x2

	
	
	UL TCI state ID x1
	
	UL TCI state ID x2



If TCI field bitwidth is 3-bit as in legacy spec, the number of indicated combinations (i.e., 8 TCI state combinations) is quite limited. The following options can be considered.
· Option 1: Increase the bitwidth of TCI field in DCI
· Option 2: Introduce an additional TCI field in DCI to indicate a second TCI state (TCI state pair) to be applied
· Option 3: RRC indicates the allowed TCI state combination type(s) to reduce the possible combinations.
To reduce the complexity, option 3 is preferred especially when one of the possible combination types is allowed. When the TCI state combination type is indicated, the corresponding MAC CE format can be decided on how many TCI states are mapped to one TCI codepoint. In addition, UE capability can be introduced on whether the UE can support a specific TCI state combination type. For example, UE may only support (1 indicated joint TCI state + 1 indicated joint TCI state) or (1 pair of indicated DL and UL TCI states + 1 pair of indicated DL and UL TCI states).
Proposal 1: Support indication/configuration of TCI state combination type based on UE capability.
In addition, in MTRP scenario, it is not always needed to update two TCI states simultaneously. According to legacy method, MAC CE signalling may need to reserve those TCI codepoints specifically for single TCI state, which further limits the number of TCI state combinations. For example, in the next table, TCI codepoints ‘0’ and ‘1’ are occupied for single TCI state activation.
Table 2 example of TCI state activations
	TCI codepoint
	TCI states

	0
	joint TCI state ID 1

	1
	joint TCI state ID 2

	2
	joint TCI state ID 1 + joint TCI state ID 2


To enable the flexibility of updating one of the TCI states from the indicated TCI state combination, a TCI state update type indication can be considered. For example, for a TCI codepoint mapped with a combination of TCI states as in the next table, the TCI state update type indication can be used to indicate one of the following update methods.
Table 3 example of TCI state activations
	TCI codepoint
	1st TCI state
	2nd TCI state

	0
	joint TCI state ID 1
	joint TCI state ID 2


· Only update 1st TCI state to joint TCI state ID 1, the 2nd TCI state would stay unchanged
· Only update 2nd TCI state to joint TCI state ID 2, the 1st TCI state would stay unchanged
· Update two applied TCI states to (joint TCI state ID 1 + joint TCI state ID 2)
In addition, UE capability can be introduced on whether the UE can support a specific TCI state update type. Therefore, we have the following proposal.
Proposal 2: Support indication/configuration of TCI state update type based on UE capability.
In Rel-17 the RRC IE ‘followUnifiedTCIstate’ is configured per CORESET to enable the common beam operation for PDCCH reception. When the number of indicated unified TCI states is more than one, the extension of ‘followUnifiedTCIstate’ can be considered to map/associate a joint/DL TCI state to PDCCH reception(s). For example, ‘followUnifiedTCIstate’ can be extended to inform UE which unified TCI state (e.g., 1st or 2nd TCI state in the TCI state combination) is applied for the target CORESET.
Proposal 3: Support to extend RRC IE ‘followUnifiedTCIstate’ to inform which unified TCI state is applied for the target CORESET.
Similarly, in Rel-17, the RRC IE ‘followUnifiedTCIstateSRS’ is configured per SRS resource set to enable common beam operation for SRS transmission. Similar extension of ‘followUnifiedTCIstateSRS’ is also needed for SRS configuration to inform UE which unified TCI state (e.g., 1st or 2nd TCI state in the TCI state combinations) is applied for the target SRS resource set. 
Proposal 4: Support to extend RRC IE ‘followUnifiedTCIstateSRS’ to inform which unified TCI state is applied for the target SRS resource set.

2.2 UL beam indication for simultaneous multi-panel UL transmission
Rel-17 MTRP PUCCH repetition enhancements provide methods to indicate multiple spatial relations for a PUCCH resource or a PUCCH resource group, via the signalling PUCCH spatial relation Activation/Deactivation for multiple TRP PUCCH repetition MAC CE. The same principle can be reused to indicate multiple UL beams for PUCCH even considering simultaneous transmissons. For example, support of the application of mutliple UL TCI states for one PUCCH resource or one PUCCH resource group can be the starting point for UL beam indciation of multi-panel PUCCH.
Proposal 5: Support the application of multiple UL TCI states for one PUCCH resource or one PUCCH resource group.
On the other hand, for CB-based and NCB-based PUSCH transmission, it should be noted that the UL beams of indicated SRS resources in UL grant as precoding indication needed to be aligned with the UL beams used to transmit PUSCH. Not only the application of new beams for PUSCH, but also the application of new beams for SRS transmission needed to be studied. Depending also on the SRS configurations, we may need to discuss how to configure and apply multiple beams for a SRS resource or how to trigger multiple SRS resources with different beams being transmitted over the same OFDM symbol.
Proposal 6: UL beams for PUSCH transmissions and associated SRS transmissions should be aligned for simultaneous multi-panel.
2.3 Power control enhancements
According to agreements in last meeting, unified TCI state is used to provide power control related parameters, for example, when indicated joint or UL TCI state is associated with an UL PC parameter setting for PUSCH (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 transmission occasion. 
However, for PUSCH transmission, the codepoint value of SRI field indicated in DCI corresponds a sri-PUSCH-PowerControlId and also points to a UL PC parameter setting configured via RRC.
[image: ]
Figure 1 two possible PC parameter setting
Based on the above discussion and illustration, there may be two UL PC parameter settings indicated (one by indicated unified TCI state and the other by indicated SRI in UL grant) which may cause ambiguities. Studies may be needed to align those two possible PC parameter settings.
Proposal 7: The UL PC parameter setting for PUSCH associated with indicated unified TCI state and the UL PC parameter setting for PUSCH indicated via the codepoint value of SRI field in DCI should be aligned.

3 Conclusion
In this contribution, we provided our views on unified TCI framework extension for multi-TRP, and we have the following observations and proposals:
Proposal 1: Support indication/configuration of TCI state combination type based on UE capability.
Proposal 2: Support indication/configuration of TCI state update type based on UE capability.
Proposal 3: Support to extend RRC IE ‘followUnifiedTCIstate’ to inform which unified TCI state is applied for the target CORESET.
Proposal 4: Support to extend RRC IE ‘followUnifiedTCIstateSRS’ to inform which unified TCI state is applied for the target SRS resource set.
Proposal 5: Support the application of multiple UL TCI states for one PUCCH resource or one PUCCH resource group.
Proposal 6: UL beams for PUSCH transmissions and associated SRS transmissions should be aligned for simultaneous multi-panel.
Proposal 7: The UL PC parameter setting for PUSCH associated with indicated unified TCI state and the UL PC parameter setting for PUSCH indicated via the codepoint value of SRI field in DCI should be aligned.
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