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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#109-e meeting, the Rel. 18 NR_MIMO_evo_DL_UL WID [1] was discussed. The following was agreed [2] on the topic of unified TCI framework extension for multi-TRP:
	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 is endorsed in R1-2205639.

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 contribution, we present our views on unified TCI framework extension for multi-TRP, and proposals for moving forward.

[bookmark: _Ref99708731][bookmark: _Hlk99361989]Indication of Multiple Joint/DL/UL TCI States
In this section, we discuss the topics on activation and indication of multiple joint/DL/UL TCI states, and association of TRP, target channels/signals with indicated multiple joint/DL/UL TCI states.
Activation and Indication of Multiple Joint/DL/UL TCI States 
[bookmark: _Ref52454871]In RAN1 109-e meeting, the following was agreed regarding indication of multiple joint/DL/UL TCI states for single-DCI based MTRP.
	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



[bookmark: _Hlk108785658]Support of two active TCI states for mTRP has been defined in Rel-16, including both single DCI and multi-DCI cases.  In single DCI case, MAC CE [3] was enhanced to enable the mapping of two TCI states to one TCI codepoint such that one TCI codepoint in DCI TCI field can indicate two different TCI states, one for each TRP.  In multi-DCI case, the CORESETPoolIndex [4] in the ControlResourceSet information element can be used to differentiate TCI states for different TRP.  However, since these mechanisms were defined in Rel-16 and unified TCI framework was only developed in Rel-17, the Rel-16 mechanisms cannot directly apply to the unified TCI framework.
To extend the unified TCI framework to support indication of multiple joint/DL/UL TCI states in one instance of beam indication DCI, the Rel. 16 “Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE” [3] can be enhanced to achieve that goal.  Figure 1 shows an example of the enhanced UE-specific MAC CE for TCI states activation/deactivation for cases of M>1 and/or N>1, where M and N is the number of DL/joint TCI states and UL TCI states, respectively.  In this example, the number of TCI states (e.g., the value of M and/or N) mapped to a single TCI codepoint is higher layer configured, e.g., through RRC configuration.  Alternatively, the number of TCI states mapped to each TCI codepoint could be different and those numbers can be indicated in the MAC-CE.  For example, a two-bit value can be associated with each of the TCI codepoint to indicate the number of TCI states (up to 4) mapped to that TCI codepoint.  Therefore a total of 16 bits (e.g., 8 two-bit fields) are required to indicate the number of TCI states mapped to 8 different TCI codepoints.  The function of the original bits “Ci” and “R” are modified to indicate whether the corresponding TCI state indicated in the same octet is from the DL/joint TCI state pool or the UL TCI state pool.  As shown in Figure 1, multiple TCI states are mapped to one TCI codepoint and the number of TCI states mapped to one TCI codepoint is higher layer configured.  This way, one MAC CE can activate multiple TCI states, and M (or N) TCI states are mapped to one of the 8 TCI codepoints.  If the UE is configured with separate DL/UL TCI, some of these TCI states can be DL-only TCI states, and some can be UL-only TCI states.  If the UE is configured with joint TCI, the TCI states will be joint DL/UL TCI states.  The 3-bit TCI field in the DCI can then be used to indicate one TCI codepoint (and its mapped M/N TCI states) for beam indication.
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[bookmark: _Ref77681944]Figure 1: Example of enhanced UE-specific MAC CE for TCI states activation/deactivation for cases of M>1 and/or N>1
[bookmark: _Hlk108616525][bookmark: _Hlk108616447]To reduce specification impact, the max number of MAC CE activated TCI codepoints should remain 8 and the max number of TCI field bits should remain 3.
Based on the above analysis, we propose the following:
Proposal 1: For extension of unified TCI framework for indication of multiple joint/DL/UL TCI states, support enhanced UE-specific MAC CE for TCI states activation/deactivation, where one TCI codepoint can be mapped to one or multiple TCI states.  Different TCI codepoint can be mapped to TCI state(s) from different TCI state pool.  TCI states mapped to one TCI codepoint can be from the same or different TCI state pool. 
Proposal 2: For extension of unified TCI framework for indication of multiple joint/DL/UL TCI states, to reduce specification impact, the max number of MAC CE activated TCI codepoints should remain 8 and the max number of TCI field bits should remain 3. 
Association of TRP, Target Channels/Signals with Indicated Multiple Joint/DL/UL TCI States 
M-DCI based MTRP:
[bookmark: _Hlk108786578]In RAN1 109-e meeting, the following was agreed regarding TCI state update for unified TCI framework extension for M-DCI based MTRP.
	Agreement
[bookmark: _Hlk108786402]On unified TCI framework extension for M-DCI based MTRP, consider the following alternatives for TCI state update:
· [bookmark: _Hlk109033180]Alt1: Reuse the same TCI state update scheme for S-DCI based MTRP
· [bookmark: _Hlk108786429][bookmark: _Hlk108785869]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



As mentioned previously, in Rel. 16/17 M-DCI based MTRP, the CORESETPoolIndex [4] in the ControlResourceSet information element can be used to differentiate TCI states for different TRP.  It is therefore straightforward to reuse the same design principle for TCI state update for M-DCI based MTRP in Rel-18.  That is, support Alt2: 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.  
Regarding Alt3 and Alt4, both require the support of cross CORESETPoolIndex/TRP indication of joint/DL/UL TCI state(s).  It is unclear whether such usage scenarios are feasible considering the fact that M-DCI based MTRP usually has less stringent requirement on synchronization and backhaul speed between TRPs.  Regarding Alt1, considering the different requirement for M-DCI based MTRP and S-DCI based MTRP on synchronization and backhaul speed, it is unnecessary to reuse the same TCI state update scheme for S-DCI based MTRP and apply to M-DCI based MTRP.
Based on the above analysis, we propose the following:
Proposal 3: On unified TCI framework extension for M-DCI based MTRP, support the following for TCI state update:
· 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

For M-DCI based MTRP, the “R” bit in the first octet in the MAC CE shown in Figure 1 can be used to indicate the CORESETPoolIndex to which the mapping between the TCI states and the TCI codepoint specified in the MAC CE should be applied.  This CORESETPoolIndex effectively act as identification of different TRP.  The indicated TCI states can then be applied to the DL/UL channels/signals associated with different TRP (e.g., different CORESETPoolIndex) and configured to share the unified TCI state, respectively.
Based on the above analysis, we propose the following:
Proposal 4: For M-DCI based MTRP, each of the multiple DL/joint or UL TCI states mapped to one TCI codepoint is associated with each of the multiple TRPs according to the CORESETPoolIndex indicated in the MAC CE activating the TCI states.  The indicated TCI state is applied to the DL/UL channels/signals associated with the corresponding TRP and configured to share the unified TCI state according to Rel-17 mechanism.
S-DCI based MTRP:
In RAN1 109-e meeting, the following was agreed regarding how to map/associate a joint/DL TCI state to PDCCH reception(s) for unified TCI framework extension for S-DCI based MTRP.
	Agreement
[bookmark: _Hlk108790468]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)
· [bookmark: _Hlk108788229][bookmark: _Hlk108789808]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
· [bookmark: _Hlk108790552]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.



First, regarding whether a TCI state should be mapped/associated to a CORESET/CORSET group or a search space set.  This issue has been discussed comprehensively in Rel. 17 and the group agreed that CORESET should be used at that time.  We see no reason why this agreed designed principle needed to be changed in Rel. 18 and therefore CORESET/CORESET group should be used instead of search space set.
Second, regarding whether RRC, MAC, DCI, or a fixed rule should be used to indicate/define the mapping/association between a configured/activated/indicated joint/DL TCI state and a CORESET or a CORESET group, our view is that RRC configuration or a fixed rule should be used.  
In the RRC configuration case, the configuration information of the CORESET groups, and the mapping/association between a configured or indicated joint/DL TCI state and a CORESET group are indicated by RRC.  For example, the mapping/association could be that the first indicated joint/DL TCI state is associated with the first CORESET group and the second indicated joint/DL TCI state is associated with the second CORESET group, or vice versa.  
In fixed rule case, the configuration information of the CORESET groups is indicated by RRC.  The first indicated TCI state is associated with the CORESET group of the CORESET where the DCI is received and detected by the UE, and the second TCI state is associated with the other CORESET group.  
In both the RRC configuration case and fixed rule case, the CORESET group ID can effectively act as the MTRP ID.
Based on the above analysis, we propose the following:
Proposal 5: On unified TCI framework extension for S-DCI based MTRP, consider 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
· Alt5: Based on a fixed mapping/association rule, e.g., the first indicated joint/DL TCI state always applies to PDCCH receptions

Conclusions
In this contribution, we present our views on unified TCI framework extension for multi-TRP.  Based on the discussions in the previous sections we propose the following: 
Proposal 1: For extension of Unified TCI framework for indication of multiple joint/DL/UL TCI states, support enhanced UE-specific MAC CE for TCI states activation/deactivation, where one TCI codepoint can be mapped to one or multiple TCI states.  Different TCI codepoint can be mapped to TCI state(s) from different TCI state pool.  TCI states mapped to one TCI codepoint can be from the same or different TCI state pool.
Proposal 2: For extension of Unified TCI framework for indication of multiple joint/DL/UL TCI states, to reduce specification impact, the max number of MAC CE activated TCI codepoints should remain 8 and the max number of TCI field bits should remain 3.
Proposal 3: On unified TCI framework extension for M-DCI based MTRP, support the following for TCI state update:
· 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

Proposal 4: For M-DCI based MTRP, each of the multiple DL/joint or UL TCI states mapped to one TCI codepoint is associated with each of the multiple TRPs according to the CORESETPoolIndex indicated in the MAC CE activating the TCI states.  The indicated TCI state is applied to the DL/UL channels/signals associated with the corresponding TRP and configured to share the unified TCI state according to Rel-17 mechanism.
Proposal 5: On unified TCI framework extension for S-DCI based MTRP, consider 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
· Alt5: Based on a fixed mapping/association rule, e.g., the first indicated joint/DL TCI state always applies to PDCCH receptions
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