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1	Introduction
During RAN#94e, a new WID for Rel-18 MIMO evolution for DL and UL was agreed. [1]. 
In this contribution, we discuss how the unified TCI framework introduced in Rel-17 can be extended to fulfill these three objectives.
[bookmark: _Ref178064866]2	Discussion
Objective 2 in the Rel-18 WID states that the Rel-17 TCI framework should be extended to support indication of multiple DL and UL TCI states. The focus should be on multi-TRP, but the objective is not limited to multi-TRP: we should support unified solution that works also for single-TRP, unless it leads to complications.
2.1	General framework for unified TCI extension
In the Rel-17 TCI framework, the network indicates either one joint DL/UL TCI state, or one DL TCI state and one UL TCI state. A channel/signal is then RRC configured to follow (or not to follow) the indicated TCI state(s). This configuration possibility exists for most channels, except for PDSCH and PUSCH, which always follow the indicated TCI state.
The underlying thought is that the indicated TCI state(s) provides one or two pipes, and a channel/signal can then be fed into this pipe. The TCI state update is separated from the individual channels, and the TCI state is signalled to the UE, rather than for a particular channel, which was the paradigm in Rel-15.
2.2	Supporting PDSCH-CJT
In RAN1#111, the following was agreed:
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

Basically, Alt1 corresponds to ‘sfnSchemeA’, whereas Alt2 corresponds to ‘sfnSchemeB’. For Alt2, it is assumed that the network has performed frequency pre-compensation (for the second TCI state) at a TRP associate to the second TCI state, so that the {Doppler shift, Doppler spread} of the QCL source and the corresponding DMRS are not the same. Atl.3 is applicable when time delay pre-compensation is performed at a TRP associated to the second TCI state and thus, the {average delay, delay spread} of the QCL source RS and the corresponding DMRS are not the same. 
In practice, all three alternatives are relevant, and should be supported:
[bookmark: _Toc135037630]For a UE that supports two indicated joint/DL states for PDSCH-CJT, support all three alternatives.
The network provides the UE with a configuration on which QCL assumption to apply.
2.3	TCI state update and activation
In RAN1#112, the following was agreed:
Agreement
On unified TCI framework extension for S-DCI based MTRP, a 2-bit [TCI selection field] can be configured by RRC to be present in a DCI format 1_1/1_2 that schedules/activates PDSCH reception (including dynamic PDSCH and SPS PDSCH) according to the followings:
· If the DCI format 1_1/1_2 indicates codepoint "00" for the [TCI selection field], the UE shall apply the first one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "01" for the [TCI selection field], the UE shall apply the second one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "10" for the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the PDSCH reception scheduled/activated by the DCI format 1_1/1_2
· FFS: Whether and how to use the codepoint "11" of the [TCI selection field]
If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2 regardless of threshold, above apply to PDSCH reception(s) scheduled/activated by the DCI format 1_1/1_2. 
· Note: If the UE supports the capability of two default beams for S-DCI based MTRP in FR2, UE uses both indicated joint/DL TCI states to buffer the received signal before a threshold.
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above apply to the scheduled/activated PDSCH reception when the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold
· FFS: How to apply the indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception if the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is less than a threshold in FR2
FFS: Detail of the capability of two default beams for S-DCI based MTRP 
FFS: The threshold value

The remaining issue for this agreement is related to the behaviour for a UE in FR2 that does not support two default beams. Here we propose to reuse the configuration option in Proposal 4 in section 2.4. Since the UE does not support two default beams, the RRC parameter cannot be configured to the value {‘both’}:
[bookmark: _Toc135037631]For a UE in FR2 that does not support two default beams, if the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is less than a threshold, the indicated joint/DL TCI state the UE applies is configured in RRC.
The agreement also includes FFSs on UE capabilities, both on default beams and thresholds. To simplify the handling of UE capabilities, it would make sense to define new capabilities, i.e., not to reuse the Rel-15 and Rel-16 capabilities:
[bookmark: _Toc135037632]Define new capabilities for the threshold, and support for two default beams, i.e., do not reuse the Rel-15 capability timeDurationForQcl, or the Rel-16 capability defaultQCL-TwoTCI-r16.  
Note that the two new capabilities will be quite similar to those defined in Rel-15 and Rel-16.
In RAN1#112, the following was agreed:
Agreement
On unified TCI framework extension for S-DCI based MTRP, down-select at least one of the followings for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field]:
· Alt1: Using RRC configuration to inform that the UE shall apply the first one, the second one, or both of two indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· Alt2: The UE shall apply the first one of two indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception
· Alt3: The UE shall apply both of two indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· Alt3A: The UE shall apply the same joint/DL TCI state(s) that is applied to the PDCCH reception with the scheduling/activation DCI to the scheduled/activated PDSCH reception
· Alt4: Which indicated joint/DL TCI state(s) is/are applied to the scheduled/activated PDSCH reception is determined according to the existing TCI field of the most recently applied beam indication DCI

Above applies at least if the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold (if the threshold is needed)

Sometimes, the discussion on the default TCI states for PDSCH is limited to NC-JT. Here we would like to stress that:
[bookmark: _Toc135037628]Default indicated TCI states for PDSCH should be defined for all multi-TRP scenarios where there are two indicated DL/joint TCI states.
This includes not only NC-JT with and without multi-TRP PDCCH repetition, but also multi-TRP PDSCH repetition, multi-TRP PDCCH repetition with single-TRP transmission for PDSCH, HST-SFN PDCCH, multi-TRP PUCCH/PUSCH repetition, and STxMP. The solution must provide default indicated TCI states for all these cases.
Alt1 provides the most flexible configuration and is aligned with the method agreed for PUCCH, PDCCH, CSI-RS and Type 1 CG PUSCH. Also, it is aligned with the behaviour agreed for the TCI selection field, where the values {00,01,10} are used to indicated {first, second, both}. Note that in FR2, this is conditioned on that the UE supports two default beams.
Alt2 would not enable multi-TRP operation without the TCI selection field – only single-TRP operation would be possible. It is thus not operational. 
Alt3 would work fine for NC-JT and multi-TRP PDSCH repetition, where the indicated TCI states are always applied to PDSCH reception. However, it would not work for single-TRP PDSCH transmission with multi-TRP PDCCH repetition, HST-SFN PDCCH, multi-TRP PUCCH/PUSCH repetition or STxMP because the UE would be indicated with two TCI states, and the UE could not apply both of them to the PDSCH reception. This is illustrated in Figure 1 for PDCCH repetition and HST-SFN PDCCH.  
[bookmark: _Ref127179447][image: ]
[bookmark: _Ref127446768]Figure 1: Illustration of PDCCH repetition and HST-SFN transmission. The default indicated TCI state for PDSCH is undetermined for these two cases.
Alt4 has similar disadvantages of Alt3: it is not possible to operate a single-TRP PDSCH with two indicated TCI states. 
Based on this, we prefer Alt1, and thus propose to reuse the RRC signalling scheme that was already agreed for PUCCH:
[bookmark: _Ref127169822][bookmark: _Toc135037633]Introduce an RRC parameter with the value {first, second, both} to determine the default indicated TCI states for PDSCH reception.
For a PDSCH scheduled by DCI format 1_0, we still propose to rely on the RRC configuration in Proposal 4. However, for DCI format 1_0, only single-layer reception is possible, and the UE cannot receive PDSCH from both TRPs. Based on this, we instead propose
[bookmark: _Toc135037634]For reception of PDSCH scheduled by DCI format 1_0, the UE follows the RRC parameter in Proposal 4. If the RRC parameter indicates ‘both’, the UE follows the first indicated TCI state.
There is also a need to map indicated TCI states to DMRS ports. We propose to reuse the rule from Rel-16:
[bookmark: _Toc135037635]For NC-JT, the first indicated TCI state would be associated with the first DMRS CDM group, and the second TCI state would be associated with the second DMRS CDM group.
In RAN1#112bis-e, the following was agreed:
Agreement
On unified TCI framework extension, support the following cases for CA operation:
· A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in S-DCI based MTRP
· A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in M-DCI based MTRP
· FFS: A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in STRP and CC(s) operating in S-DCI based MTRP
· FFS: How to support common TCI state ID activation/update for this case
· FFS: A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in STRP and CC(s) operating in M-DCI based MTRP
· FFS: How to support common TCI state ID activation/update for this case
· FFS: A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in S-DCI based MTRP and CC(s) operating in M-DCI based MTRP
· FFS: How to support common TCI state ID activation/update for this case
· FFS: A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in STRP, CC(s) operating in S-DCI based MTRP, and CC(s) operating in M-DCI based MTRP
· FFS: How to support common TCI state ID activation/update for this case

This proposal extends the functionality that a MAC CE that activates TCI states in one CC can automatically activate TCI states in another carrier. The foundation of this functionality is that one TCI state index points to the correct TCI state in all the CCs that are involved in the situation: for example, the UE would activate the TCI state corresponding to TCI state index 5, relying on that the TCI state in the CCs involved would be configured in a reasonable way.
The FFS in the agreement are related to various forms of mixed mode operation: combinations of single-TRP operation, single-DCI based multi-TRP operation, and multi-DCI based multi-TRP operation. The foreseen operation is the same: a MAC CE for one CC would be interpreted in another CC. The problem is that the MAC CEs for the three cases are different: a MAC CE for single-TRP operation contains (a list of) single TCI states, a MAC CE for single-DCI based multi-TRP operation contains (a list of) pairs of TCI states, and a MAC CE for multi-DCI based multi-TRP operation contains (a list of) single TCI states and a coresetPoolIndex. Specifying the above functionality would require that we specify rules for all the combinations of MAC CEs: for example, how would a MAC CE for single-TRP operation be interpreted in a CC configured for single-DCI based multi-TRP operation? Adding to this, we also have the complication with separate vs joint TCI states: how would that be handled? The additional specification effort required just to save one MAC CE for a corner case does not seem motivated. Hence, we propose
[bookmark: _Toc135037636]Do not support any common TCI state ID activation/update for CCs operating in different modes.
2.4	How to map the indicated TCI state(s) to target channel(s)/signal(s)
In section 2.3, we described how the UE could be provided with multiple TCI states. In this section, we describe how to map each channel/signal into one of the indicated TCI states. So far, RAN1 has agreed to the following:
For single-DCI multi-TRP:
PDCCH
PDSCH (partly)
PUCCH
PUSCH
CSI-RS (partly)
For single-DCI, these channels typically rely on RRC configuration of a parameter with values {[none], first, second, both}.
For multi-DCI multi-TRP:
PDCCH
PDSCH
PUCCH
PUSCH
For multi-DCI, these channels either follow the scheduling CORESET, or rely on RRC configuration of a parameter with values {first, second, both}.
In RAN1#112, RAN1 made the following agreement on the association for PUSCH:
Agreement
On unified TCI framework extension for S-DCI based MTRP, when two SRS resource sets for CB/NCB are configured, support the followings for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 (including DG and Type2 CG):
· If the DCI format 0_1/0_2 indicates codepoint "00" for the existing SRS resource set indicator, the UE shall apply the first indicated joint/UL TCI state to all PUSCH antenna port(s) of corresponding PUSCH transmission occasions(s)
· If the DCI format 0_1/0_2 indicates codepoint "01" for the existing SRS resource set indicator, the UE shall apply the second indicated joint/UL TCI state to all PUSCH antenna port(s) of corresponding PUSCH transmission occasions(s)
· If the DCI format 0_1/0_2 indicates codepoint "10" or “11” for the existing SRS resource set indicator:
· For TDM based PUSCH Tx scheme, the UE shall apply the first indicated joint/UL TCI state to the PUSCH transmission occasions(s) associated with the first SRS resource set for CB/NCB, and the second indicated joint/UL TCI state to the PUSCH transmission occasions(s) associated with the second SRS resource set for CB/NCB (note: the association between an SRS resource set for CB/NCB and PUSCH transmission occasions(s) is defined according to TS 38.214)
· FFS: SDM and SFN based PUSCH Tx schemes
FFS: The case that the spatial Tx filter(s) determined from the indicated joint/UL TCI state(s) applied to a PUSCH transmission is different from the spatial Tx filter(s) used for the SRS transmission corresponding to the SRS resource(s) indicated to the PUSCH transmission

The first FFS in the agreement mentions SDM and SFN-based PUSCH Tx schemes. Here we note that SDM and SFN-based Tx schemes would be separately configured using RRC, and there is no problem to reuse the SRS resource indicator also for these schemes. Hence, we propose
[bookmark: _Ref127174123][bookmark: _Toc135037637]Reuse the “SRS resource set indicator” field to inform which indicated TCI states to apply for SDM-based and SFN-based STxMP PUSCH transmission.
The proposed mapping is indicated in Table 1 both for SDM and SFN-based Tx schemes.
[bookmark: _Ref127514617]Table 1: Possible TCI state indication with the existing SRS resource set indicator field in DCI for STxMP. Note that the SRS resource set field indicates both the TCI state and the SRS resource set. 
	SRS resource set Indicator  
	1st SRI field
	2nd SRI field

	0
	1st SRS resource set, 1st TCI
	

	1
	2nd SRS resource set, 2nd TCI
	

	2
	1st SRS resource set, 1st TCI

	2nd SRS resource set, 2nd TCI

	3
	Not applicable
	Not applicable


  
In RAN1#112, RAN1 formulated options for the association between indicated TCI states and PUCCH resources for multi-DCI based multi-TRP:
Agreement
On unified TCI framework extension for M-DCI based MTRP, down-select from the following options for PUCCH transmission:
· Opt1: A coresetPoolIndex value can be provided per PUCCH resource/resource group, and the UE shall apply the indicated joint/UL TCI state specific to the coresetPoolIndex value to the corresponding PUCCH transmission
· Opt2: An RRC configuration can be provided per PUCCH resource/resource group to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the corresponding PUCCH transmission, where the first and the second indicated joint/DL TCI states correspond to the indicated joint/UL TCI states specific to coresetPoolIndex value 0 and value 1, respectively.
· Opt3: For a PUCCH transmission triggered by PDCCH on a CORESET when the UCI in the PUCCH transmission carries HARQ-ACK information only, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is determined from the one associated with the CORESET. Otherwise, either Opt1 or Opt2 is adopted.
· FFS: Whether Opt3 applies only when the UE is not provided with ackNackFeedbackMode = joint
· Opt4: For a PUCCH transmission with an LRR trigged for either the first BFD-RS set () or the second BFD-RS set () when the UE is provided only one or two schedulingRequestID-BFR configuration, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is 1 when the LRR is trigged for the first BFD-RS set () and the coresetPoolIndex value is 0 when the LRR is trigged for the second BFD-RS set (). Otherwise, either Opt1 or Opt2 is adopted.
Note: Either Opt1 or Opt2 must be supported

Then, in RAN1#112bis-e, the following was agreed
[bookmark: _Hlk134537982]Agreement
On unified TCI framework extension for M-DCI based MTRP, support at least Opt2 for PUCCH transmission, and Opt1 is not supported
· Note: Opt3 and Opt4 are not precluded

We note that the agreement from RAN1#112bis-e contains a note on the potential support for Opt3 and Opt4. In our understanding, Opt2 is a complete solution, whereas Opt3 and Opt4 are deviations from the Opt2 behaviour, without any motivation. Therefore, we propose
[bookmark: _Toc135037638]For PUCCH transmission in multi-DCI multi-TRP, do not support Opt3 or Opt4.  
Finally, we need to consider the reference signals: CSI-RS and SRS. In RAN1#112bis-e, the following was agreed
Agreement
[bookmark: _Hlk134622790]On unified TCI framework extension for S-DCI based MTRP, an RRC configuration can be provided in CSI-AssociatedReportConfigInfo of CSI-AperiodicTrigger State for each CSI-RS resource set or for each CSI-RS resource in each aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated joint/DL TCI state to the CSI-RS resource if the aperiodic CSI-RS resource set for CSI/BM is configured to follow unified TCI state
· Above applies at least if the offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in the aperiodic CSI-RS resource set is equal to or larger than a threshold (if the threshold is needed)
· FFS: If the UE is configured for CSI-RS resource set, for an aperiodic CSI-RS resource set configured with two Resource Groups for NCJT CSI and configured to follow unified TCI state, if above RRC configuration is not provided to the aperiodic CSI-RS resource set, the UE shall apply the first indicated joint/DL TCI state to the CSI-RS resource(s) in Group 1 and the second indicated joint/DL TCI state to the CSI-RS resource(s) in Group 2.
· ‘per CSI-RS resource set’ or ‘per CSI-RS resource’ is up to UE capability

The agreement states that an RRC configuration can be provided in the CSI-AssociatedReportConfigInfo, either per CSI-RS resource set or per CSI-RS resource. The FFS discusses the special case where a CSI-RS resource set is split in two groups, a functionality that was defined for NC-JT in Rel-17. Conceptually, this would mean that both indicated TCI states are applied to the CSI-RS resource set. We note that the corresponding functionality could be achieved by defining the association per CSI-RS resource, as was also included in the agreement.
The above agreement for CSI-RS was related to single-DCI based multi-TRP. We propose to extend this also to multi-DCI based multi-TRP:
[bookmark: _Toc135037639]For multi-DCI based multi-TRP operation, an RRC configuration can be provided in CSI-AssociatedReportConfigInfo of CSI-AperiodicTrigger State for each CSI-RS resource set or for each CSI-RS resource in each aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated joint/DL TCI state to the CSI-RS resource.
This would allow cross-TRP CSI-RS triggering, as in Rel-16. 
For SRS, we would again apply RRC configuration to determine the mapping to one of the indicated TCI states, but the problem is where to configure the RRC parameter. Here we note that the spatial relations in Rel-15 are defined on SRS resource level, whereas in Rel-17, the field followUnifiedTCI-StateSRS was defined on SRS resource set level. Hence, different paradigms were used for the two cases.
There are advantages of defining the TCI state on SRS resource set level. First, all SRS resources will use the same power control parameters. Second, the configuration is leaner.
If the UE supports 2 SRS resource sets, one indicated TCI state can be associated with each SRS resource set, and it is possible to sound the two TRPs. However, if the UE supports only one SRS resource set, this is not possible. Then, the TCI state must be defined per SRS resource, like the spatial relation in Rel-15. 
We note that for most multi-TRP scenarios, the UE supports two SRS resource sets. The only exceptions are the Rel-16 multi-DCI multi-TRP NC-JT and the Rel-17 single-DCI multi-TRP PUCCH repetition. Most notably, the support of STxMP will require the support for two SRS resource sets, both for single-DCI and multi-DCI. Therefore, we propose
[bookmark: _Toc135037640]All UEs that support the Rel-18 TCI framework support two SRS resource sets.
[bookmark: _Toc135037641]RRC configuration is used to define the mapping/association between an indicated joint/UL TCI state and an SRS resource set.
The proposed associations are summarized in Table 2.
	
	Solution

	
	Single-DCI
	Multi-DCI

	PDCCH
	{first, second, both, none} configured by RRC for each CORESET (agreed)
	Determined by followUnifiedTCI-State-r17 (agreed)

	PDSCH
	Explicit in DCI (agreed) +
{first, second, both} by RRC (proposed for default and for DCI format 1_0)
	Follow scheduling PDCCH (agreed)

	PUCCH
	{first, second, both} configured in PUCCH resource/group (agreed)
	{first, second} configured in PUCCH resource/group (agreed)

	PUSCH
	Explicit in DCI (agreed) +
{first, second, both} by RRC (agreed)
first for PUSCH scheduled by DCI format 0_0 (agreed)
	Follow scheduling PDCCH (agreed)
{first, second} (agreed)

	SRS
	{first, second} configured in each SRS resource set (proposed)
	{first, second} configured in each SRS resource set (proposed)

	CSI-RS
	{first, second} configured in CSI-AssociatedReportConfigInfo (agreed)
	{first, second} configured in CSI-AssociatedReportConfigInfo (proposed)


[bookmark: _Ref127541096] Table 2: Summary of RRC configured association between channels/signals and indicated TCI states. The association is still open for channels in bold.
2.5	UL PC for UL MTRP
In RAN1#109-e, RAN1 made the following agreement:
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 

The agreement contains three FFSs. The first FFS mentions other Rel-18 MTRP scheme(s) with STxMP. In our understanding, the PC framework introduced in Rel-17 can be used as is also for STxMP. The discussion on PCmax may have an impact on maximum transmit power per panel and the power headroom report (PHR), but the agreement is related to the power control parameters. Furthermore, we do not see why any enhancement for CB and non-CB SRS would be needed.
[bookmark: _Hlk110867062]The third FFS discusses the default behaviour when one or both indicated joint, or UL TCI state(s) is not associated with an UL PC parameter setting. The Rel-17 framework does provide the possibility to operate without associating PC parameters with the TCI state, in which case, the field ul-powerControl-r17 is absent from the UL or joint TCI state. When the field ul-powerControl-r17 is absent from the TCI state configuration, the UE applies the PC parameters defined in BWP-UplinkDedicated. 
This would mean that if there are no PC parameters associated with any TCI state, then the UE would rely on the PC parameters defined in BWP-UplinkDedicated for both TRPs. To us, reusing these parameters for both TRPs seems like a reasonable default, and we do not see any need to optimize the default (!), especially considering how efficiently RAN2 has implemented this in RRC: to associate PC parameters with a TCI state, the only thing that needs to be included in the TCI state is an ID. Hence, we propose: 
[bookmark: _Toc135037642]Do not introduce any new behaviour when one or both indicated joint, or UL TCI state(s) is not associated with an UL PC parameter setting.
In [4], RAN4 provides additional details in response to the RAN1 LS [5]. After additional conclusions, RAN4 has still not identified the need for a per-panel TRP limit. Before RAN4 identifies such a need, the assumption is that the determination of a per-panel TRP limit would be up to UE implementation, and it would be up to the UE to comply with regulatory requirements.
However, we note that for single-DCI based STxMP operation, one codeword would be mapped across both panels: a subset of the layers would be transmitted from the first panel and the remaining layers over the second panel. Since the panels are associated with different TCI states, the PL RS will be different, and so may the power control parameters. Since the layers would be transmitted at the same PUSCH transmission occasion, the current power control equation would not be accurate. Therefore, we propose that the PUSCH transmit power is calculated per PUSCH layer group:
[bookmark: _Toc135037643]The PUSCH transmit power is calculated per PUSCH layer group, where one PUSCH layer group is mapped to one TCI state.
2.6	BFR
In RAN1#110e-bis, the following agreement was reached on BFR.
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

The topic of whether TRP specific BFR for single-DCI multi-TRP should be supported was extensively discussed in Rel-17, including the possibility of supporting implicit per TRP BFD-RS.  However, implicit BFD-RS determination for single-DCI multi-TRP was not supported in Rel-17 in the end, although implicit BFD-RS determination for multi-DCI multi-TRP was.  
Beam failure should be declared once the UE cannot reliably demodulate PDCCH. The RAN4 requirements also indicate that: the tests have been designed around the performance of a hypothetical PDCCH. The implicit rules for determination of the BFD RS have also been designed under this assumption: the BFD RS has been determined as the RS that serves as a QCL source for PDCCH:
[bookmark: _Toc135037629]Beam failure is declared when the UE cannot reliably demodulate the PDCCH.
We note that the same rule applies for RLM.
For the extension of the unified TCI state framework to multi-TRP operation, it has been agreed that up to two TCI states can be indicated, and that is RRC configured which TCI states the UE applies. Since this indication informs the UE of how the PDCCH is received by the UE, it would make sense to follow that indication also for determining the BFD RSs:
[bookmark: _Toc135037644]For single-DCI multi-TRP, the BFD RSs are determined by the indicated DL TCI states in combination with the RRC configured indication {first, second, both, none}. 
Note that we maintain the principle that the UE monitors RSs that are related to the PDCCH reception. For example, for single-DCI NC-JT, the UE would monitor RSs that are used to receive PDCCH, while RSs that are only used to receive PDSCH would not be monitored. 
2.7 	RRC parameters
The unified TCI framework is extended to all multi-TRP schemes specified in Rel-16 and Rel-17, and also to STxMP and CJT. The underlying thought is that these multi-TRP schemes are configured using the original RRC parameters, and that the use of the unified TCI framework is configured separately. 
The main RRC parameter controlling the multi-TRP extension of the unified TCI framework is the RRC parameter that controls the mapping between indicated TCI states and various channels/signals. This RRC parameter has the general structure {none, first, second, both}, where not all values are applicable to all channels/signals. This parameter has been agreed to be included in the CORESET, in configured grant configurations, in the PUCCH resource and for CSI-RS.
Then in addition, there has been agreements to RRC configure CJT as a single-DCI scheme, and to enable switching between single-TRP and multi-TRP by DCI. We summarize this in Table 3.
[bookmark: _Ref134949607]Table 3: RRC parameters for multi-TRP extension of unified TCI.
	RAN2 parent IE
	Parameter name in the spec
	Description

	ControlResourceSet
	applyIndicatedTCIStates
	Used to associate indicated TCI states with PDCCH. Values {none, first, second, both}

	PUCCH-Resource
	applyIndicatedTCIStates
	Used to associate indicated TCI states with PUCCH. Values {first, second, both}

	ConfiguredGrantConfig
	applyIndicatedTCIStates
	Used to associate indicated TCI states with CG Type I PUSCH. Values {first, second, both}

	CSI-AssociatedReportConfigInfo
	applyIndicatedTCIStates
	Used to associate indicated TCI states with aperiodic CSI-RS, either per CSI-RS resource or per CSI-RS resource set. Values {first, second}

	ServingCellConfig
	cjtSchemePdsch
	Defines if coherent joint transmission should be used for PDSCH 

	BWP-DownlinkDedicated
	tciSelection-PresentInDCI                        
	Defines if the TCI selection field is present in DCI



[bookmark: _Hlk61857909]Conclusion
In the previous sections we made the following observations: 
Observation 1	Default indicated TCI states for PDSCH should be defined for all multi-TRP scenarios where there are two indicated DL/joint TCI states.
Observation 2	Beam failure is declared when the UE cannot reliably demodulate the PDCCH.
Based on the discussion in the previous sections we propose the following:
Proposal 1	For a UE that supports two indicated joint/DL states for PDSCH-CJT, support all three alternatives.
Proposal 2	For a UE in FR2 that does not support two default beams, if the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is less than a threshold, the indicated joint/DL TCI state the UE applies is configured in RRC.
Proposal 3	Define new capabilities for the threshold, and support for two default beams, i.e., do not reuse the Rel-15 capability timeDurationForQcl, or the Rel-16 capability defaultQCL-TwoTCI-r16.
Proposal 4	Introduce an RRC parameter with the value {first, second, both} to determine the default indicated TCI states for PDSCH reception.
Proposal 5	For reception of PDSCH scheduled by DCI format 1_0, the UE follows the RRC parameter in Proposal 4. If the RRC parameter indicates ‘both’, the UE follows the first indicated TCI state.
Proposal 6	For NC-JT, the first indicated TCI state would be associated with the first DMRS CDM group, and the second TCI state would be associated with the second DMRS CDM group.
Proposal 7	Do not support any common TCI state ID activation/update for CCs operating in different modes.
Proposal 8	Reuse the “SRS resource set indicator” field to inform which indicated TCI states to apply for SDM-based and SFN-based STxMP PUSCH transmission.
Proposal 9	For PUCCH transmission in multi-DCI multi-TRP, do not support Opt3 or Opt4.
Proposal 10	For multi-DCI based multi-TRP operation, an RRC configuration can be provided in CSI-AssociatedReportConfigInfo of CSI-AperiodicTrigger State for each CSI-RS resource set or for each CSI-RS resource in each aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated joint/DL TCI state to the CSI-RS resource.
Proposal 11	All UEs that support the Rel-18 TCI framework support two SRS resource sets.
Proposal 12	RRC configuration is used to define the mapping/association between an indicated joint/UL TCI state and an SRS resource set.
Proposal 13	Do not introduce any new behaviour when one or both indicated joint, or UL TCI state(s) is not associated with an UL PC parameter setting.
Proposal 14	The PUSCH transmit power is calculated per PUSCH layer group, where one PUSCH layer group is mapped to one TCI state.
Proposal 15	For single-DCI multi-TRP, the BFD RSs are determined by the indicated DL TCI states in combination with the RRC configured indication {first, second, both, none}.
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