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1. Introduction
New Work Item for Rel18 MIMO evolution was approved in RAN#94e [1]. The unified TCI framework was introduced in Rel-17 which facilitates a streamlined multi-beam operation targeting FR2. As Rel-17 focuses on single-TRP use cases, extension of unified TCI framework that focuses on multi-TRP use cases is seen beneficial and is targeted in Rel-18. Further, with the introduction of features for fast UL panel and beam selection in Rel-17, advanced UEs (e.g. CPE, FWA, vehicle, industrial devices) can benefit from higher UL coverage and average throughput with simultaneous UL multi-panel transmission. In addition, further enhancements to facilitate UL multi-TRP deployments via enhanced UL power control can offer additional UL performance improvement. These aspects are being discussed in this contribution following the related WI description as follows [1]:
	[bookmark: _Hlk510705081]    …
2.  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)
0. UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
0. 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.
0. 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
0. 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.





2. Discussion
2.1	TCI state update and activation
2.1.1	TCI state update for M-DCI based M-TRP
For TCI state update in m-DCI based M-TRP, the following agreements was made in RAN1#112b-e:
	Agreement
On unified TCI framework extension for M-DCI based MTRP, an RRC configuration is provided to a Type1 CG configuration to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the corresponding CG-PUSCH 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.

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




The remaining open items in TCI selection scheme for target channels/signals in M-DCI based MTRP operation are [1]:
	AP CSI-RS for CSI/BM
	No
	

	SRS for CB/NCB/AS and AP SRS for BM
	No
	



In m-DCI MTRP scenario it would be logical that AP-CSI-RS for CSI/BM can follow Indicated TCI state of the CORESET of the triggering PDCCH. Determining of which of the Indicated TCI states is updated would be based on the coresetPoolIndex of the CORESET of the PDCCH transmitting the DCI carrying the AP-CSI-RS trigger in m-DCI scenario. On the other hand, there should also be possibility to configure AP-CSI-RS to follow certain TCI state. Thus, we propose:
[bookmark: _Ref134707786]Proposal 1: In M-DCI, for the AP CSI-RS resource (set) for BM and CSI, TCI state assumption is configured in RRC whether Indicated joint or DL TCI state 0 or Indicated joint or DL TCI state 1 or joint or DL TCI state.
Currently in Rel-17, for SRS resource (set) it’s provided in the configuration whether the SRS resource (set) follows Indicated TCI state or TCI state, it would need to be extended that the configuration should provide whether the SRS resource (set) follows the first Indicated TCI state, the second Indicated TCI state or TCI state. On the other hand, as in current Rel-17 version of 38.331, the CORESET configuration has a flag whether or not the CORESET follow Indicated TCI state as well as SRS resource set configuration. Thus, the extension would be needed at least for:
· SRS resource (set) that whether the resource(s) follow Indicated TCI state 1, Indicated TCI state 2 or TCI state
[bookmark: _Ref102135892]Observation 1: In m-DCI, configuration needs to be provided for SRS resource (set) that whether the resource(s) follow Indicated TCI state 0, Indicated TCI state 1 or TCI state.
[bookmark: _Ref111225028]Proposal 2: In M-DCI, for the SRS resource (set), TCI state assumption is configured in RRC whether Indicated joint or UL TCI state 0 or Indicated joint or UL TCI state 1 or joint or UL TCI state.

Regarding PUCCH, the following agreement listing several options has been made in RAN1#112bis-e:
	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




Option 3 follows similar logic as dynamically scheduled PUSCH, that is to say, PUCCH with a corresponding PDCCH follows the TCI state of the CORESETPoolIndex to which the CORESET used for PDCCH transmission belongs. However, the gNB still has the flexibility of indicating a PUCCH resource (through PRI indication in DCI), meaning that the gNB could control which TCI state to use for the PUCCH through that indication. Thus, Option 3 doesn’t seem necessary on top of Option 2.
Regarding Option 4 which is targeting BFR cases, when there are two PUCCH-SR configured (or SR configurations) each of which associated to a BFD-RS set, Option 2 would be sufficient as each PUCCH-SR could be configured to follow suitable (indicated) TCI state under this option. If, on the other hand, we assume that there is a single PUCCH-SR (or SR configuration) which can be associated to both BFD-RS sets:
· In legacy, if for BFR the PUCCH-SR is indicated with two spatial relation info, it’s up the UE to select one of the two spatial relation info for a PUCCH transmission using this resource. 
· In Rel-18, for multi-DCI case, there is no case defined yet where an UL resource would be associated with two (indicated) TCI states at a time. In our view, we should not make an exception now for PUCCH-SR for BFR, especially that the gNB could (i) still configure two PUCCH-SR, or (ii) could live with configuring a single PUCCH-SR which is configured to follow one of the indicated TCI states if it decides so.        

[bookmark: _Ref131512702][bookmark: _Ref134707996]Proposal 3: On unified TCI framework extension for M-DCI based MTRP, for PUCCH transmission, do not support other options than Opt2:
· 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.

2.2.2	TCI state update for S-DCI based M-TRP
The following related agreement was made in RAN1#111:
	Agreement
On unified TCI framework extension for S-DCI based MTRP, in one beam indication instance, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate joint/DL/UL TCI state(s) for one or both of the two TRPs in a CC/BWP or a set of CCs/BWPs in a CC list
· FFS: Increase on the size of the TCI field
· Note: The term TRP is used only for discussion purpose in RAN1 and whether/how to capture this is FFS



In the case of S-DCI based M-TRP and in the case of separate DL and separate UL TCI states, one TCI codepoint may have up to 4 TCI states: 2 DL TCI and 2 UL TCI states. We consider that for flexibility it should be possible to activate two DL and two UL TCI states per TRP. That would require 16 different codepoints to be supported. Thus, we think that it would make sense to increase the max number of MAC CE activated TCI codepoints e.g., up to 16.
[bookmark: _Ref115444408]Proposal 4: In S-DCI based MTRP support the max number of MAC CE activated TCI codepoints being 16.
[bookmark: _Ref115444423]Proposal 5: In S-DCI based MTRP support up to four-bit TCI field in DCI.

2.2.3 Potential impact and enhancement to common TCI state ID update/activation for CA when S-DCI/M-DCI MTRP is configured
Regarding common TCI state ID update/activation for CA when S-DCI/M-DCI MTRP is configured, the following agreement was made in RAN1#112b-e:
	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



In Rel-17 multi-CC scenario, RRC-configured TCI state pool(s) can be absent in the PDSCH configuration (PDSCH-Config) for each BWP/CC, and replaced with a reference to RRC-configured TCI state pool(s) in a reference BWP/CC as depicted in Figure 1:
[image: ]
[bookmark: _Ref115334388]Figure 1 Illustration of the reference BWP/CC.
Then, the next question is that how common TCI state update operation should be defined in case for multi-TRP in general and for a mix of CCs/cells configured with single-TRP and multi-TRP modes. 
In general, in MTRP scenario the CC/BWPs may be configured with either multi-TRP or single-TRP configurations. One of the CCs/BWPs would act as the reference CC/BWP and then, any other CC/BWP can be provided that which indicated TCI state(s) of the reference CC/BWP the CC/BWP would follow as depicted in Figure 2. It’s to be noted that this approach is applicable to STRP, s-DCI MTRP and m-DCI MTRP scenarios. 
[image: ]
[bookmark: _Ref127273067]Figure 2 Indication of which of the indicated TCI states of the reference CC/BWP to apply in other CCs/BWP when the other CCs/BWPs may be single-TRP or multi-TRP.

[bookmark: _Ref115444431][bookmark: _Ref127526644]Proposal 6: For common TCI state ID update/activation for CA, support RRC signaling that configures UE that which indicated TCI state(s) of the reference CC/BWP to follow in other CCs/BWPs when the other CCs/BWPs are configured either with single- or multi-TRP configuration. 

2.3 How to associate the indicated TCI state(s) with each target channel/signal in S-DCI based MTRP
For TCI state indication in s-DCI based MTRP, the following agreements were made in RAN1#112b-e and RAN1#112:

	RAN1#112:

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)


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

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

RAN1#112b-e:

Agreement
On unified TCI framework extension for S-DCI based MTRP, the UE shall apply the first indicated joint/UL TCI state to PUSCH transmission(s) scheduled/activated by DCI format 0_0 (including DG and Type2 CG).

Agreement
On unified TCI framework extension for S-DCI based MTRP, PDSCH-CJT Tx scheme is RRC-configured, and dynamic switching between PDSCH-CJT and other S-DCI based PDSCH Tx schemes is not supported.

Agreement
On unified TCI framework extension for S-DCI based MTRP, an RRC configuration is provided to a Type1 CG configuration to inform that the UE shall apply the first, the second, or both indicated joint/UL TCI states to the corresponding CG-PUSCH transmission
· If the first or the second indicated joint/UL TCI state is applied, the UE shall apply the first or the second indicated joint/UL TCI state to all PUSCH antenna port(s) of corresponding PUSCH transmission occasions(s)
· If both indicated joint/UL TCI states are applied:
· 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 
· FFS: SDM and SFN based PUSCH Tx schemes

Agreement
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




Regarding s-DCI PDSCH scheme we consider that the main principle is to have to both the existing TCI field and a new 2-bit indicator field with the following purposes:
TCI field is used to update/switch the current Indicated TCI states (procedure having the beam application time)
New 2-bit indicator field is used to select which one of or both of the Indicated TCI states are to be applied for the scheduled PDSCHs
Regarding the PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field] we consider that the most logic alternative is
· Alt3: The UE shall apply both of two indicated joint/DL TCI states to the scheduled/activated PDSCH reception

because when the UE is configured with the unified TCI framework for the multi-TRP scenario, the UE is having two indicated joint/DL TCI states for the PDSCH reception. Otherwise, it seems a bit non-logical that if the UE is configured with the unified TCI framework for the multi-TRP scenario with two indicated joint/DL TCI states that only one of them would be used in this case (TCI selection field not configured). Thus, we propose:
[bookmark: _Ref131433385]Proposal 7: On unified TCI framework extension for S-DCI based MTRP, for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field] the UE shall apply both of two indicated joint/DL TCI states to the scheduled/activated PDSCH reception.
Regarding
“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”

we think that the UE shall apply the first indicated TCI state for the single PDSCH reception.
[bookmark: _Ref131433390]Proposal 8: 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 less than a threshold the UE shall apply the first indicated joint/DL TCI state for the single PDSCH reception.
Regarding 
· FFS: The threshold value
we consider that there is no reason to change the definition nor the length of the threshold (timeDurationForQCL) value from the existing threshold value that is based on the UE capability. 
[bookmark: _Ref131433398][bookmark: _Ref134708419]Proposal 9: Reuse the existing timeDurationForQCL threshold value setting based on the UE capability.
Regarding the FFS point:
FFS: How to apply the indicated joint/DL TCI state(s) to PDSCH reception scheduled/activated by DCI format 1_0.
we think the most simple and straightforward solution is to apply the first Indicated TCI state to the scheduled PDSCH. 
[bookmark: _Ref127526941]Proposal 10: Apply the first Indicated TCI state to the PDSCH reception scheduled/activated by DCI format 1_0.
Regarding PUSCH transmission under unified TCI framework the following agreements were made in the previous meeting in 9.1.1.1 and 9.1.4.1:
	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

Agreement
The codepoints of “SRS resource set indicator” in DCI for dynamic switching between STxMP SDM and sTRP transmission are interpreted and the SRI/TPMI fields are designed as follows:
· The codepoints 00 and 01 indicate sTRP transmission. 00 indicates the first SRS resource set and 01 indicates the second SRS resource set. For SRI/TPMI field design, down-select one from the following Alts:
· Alt1: The DCI has two SRI fields and two TPMI fields. The first SRI field and first TPMI field are associated the first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01. The second SRI field and second TPMI fields are reserved.
· Alt2: the DCI has only one SRI field and one TPMI field. The SRI and TPMI field are associated with the first SRS resource set if codepoint=00 or the second SRS resource set if codepoint = 01. 
· Alt3: The DCI has two SRI fields and two TPMI fields. The first SRI field and second SRI field are concatenated into one SRI field. The first TPMI field and second TPMI field are concatenated into one TPMI field. The concatenated SRI field and the concatenated TPMI field are associated with first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01.
· FFS: If the concatenated bits are not sufficient, additional bits are appended to concatenated bits in order to support this feature
· Alt4: the DCI has two SRI fields and two TPMI fields.
· When the codepoint is 00, the first SRI field and first TPMI field are associated with the first SRS resource set. The second SRI field and second TPMI field are reserved. 
· When the codepoint is 01, the second SRI field and second TPMI field are associated with the second SRS resource set. The first SRI field and first TPMI field are reserved.
· The codepoints 10 indicate SDM transmission with the first and second SRS resource set.
· The first SRI field and first TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the first SRS resource set.
· The second SRI field and second TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the second SRS resource set.
· FFS: The codepoint 11 is reserved.




Regarding
· FFS: SDM and SFN based PUSCH Tx schemes AND 
· FFS: The codepoint 11 is reserved.

we have performed link-level simulation where we compare the following scenarios (as shown in Figure 3): single panel to sTRP, multi-panel to sTRP, and multi-panel to mTRP. The simulation assumptions are given in Table 2 LLS assumptionsAppendix A. In the simulations, no panel selection is assumed, transmission angle is fixed throughout the simulation.  
[image: ]
[bookmark: _Ref131411566]Figure 3: Evaluation scenarios: single panel to sTRP, multi-panel to sTRP, and multi-panel to mTRP.
Simulation results and corresponding observations are provided in Appendix B. Based on the simulation study there is also motivation to have SDM transmission where two panels are transmitting to sTRP. Thus, we think that at least in SDM (SFN is FFS) it is beneficial to support also SDM STxMP to sTRP as illustrated in Figure 4. It’s to be noted that the max rank towards sTRP may be lower than towards mTRP due to capability of the receiving TRP.
[image: ]
[bookmark: _Ref127541468]Figure 4 Four transmission modes in SDM transmission scheme.
Regarding to previous meeting agreement, on the two-bit “SRS resource set indicator” DCI field that dynamically indicates the sTRP or SDM transmission could have the following interpretations for the 2-bit codepoints:
· Codepoint 00: single panel transmission to first TRP according to the first resource set (agreed)
· Codepoint 01: single panel transmission to second TRP according to the second resource set (agreed)
· Codepoint 10: two-panel transmission (SDM) to multi-TRP according to the first and second resource sets (agreed)
· Codepoint 11: two-panel transmission (SDM) to single-TRP according to the first and second resource sets


[bookmark: _Ref131433568]Proposal 11: On unified TCI framework extension for S-DCI based MTRP, when two SRS resource sets for CB/NCB are configured, support also the following for STxMP (SDM) 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 "11", apply two-panel transmission (SDM) to single-TRP according to the first and second resource sets

Regarding
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

it should be clear that such mismatch should not happen. SRS is needed for the gNB to determine the UL CSI based on which the PUSCH is scheduled. Thus, the spatial TX filter(s) should be the same in the SRS pointed by the SRI and the PUSCH transmission. On the other hand, network is able to guarantee that the source reference signal for the spatial TX filter(s) are aligned.  
[bookmark: _Ref131433590]Observation 2: Network is able to guarantee that the source RS for the spatial Tx filter(s) determination from the indicated joint/UL TCI state(s) applied to a PUSCH transmission is aligned with the source RS for the spatial Tx filter(s) determination used for the SRS transmission corresponding to the SRS resource(s) indicated to the PUSCH transmission.
2.4	On supporting CJT PDSCH with the unified TCI framework
As discussed above, it has been considered whether the unified TCI framework should support also CJT CoMP with up to four transmitting TRPs in FR1. RAN1#110bis-e made the following agreement: 
	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

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



Regarding the alternatives provided by RAN1#111 for the QCL type(s)/assumption(s) of the indicated joint TCI state(s) applied to PDSCH-CJT we consider the Alt1: PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA as the preferred option due to the following reasons:
· Time domain parameters are not expected to be that different among TRPs
· Doppler characteristics were more of an issue e.g. in Rel17 HST-SFN

[bookmark: _Ref127526353][bookmark: _Ref131432808]Proposal 12: Support Alt1: PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA.
2.4 UL PC for UL MTRP
In this section, we discuss potential UL power control enhancements for UL single-DCI for multi-TRP operation considering unified TCI framework, as captured in the Rel-18 objective below: 
	6. Study, and if justified, specify the following 
a. Two TAs for UL multi-DCI for multi-TRP operation 
b. 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.



2.4.1	General power control enhancements
In RAN1#109-e, the support of the extension of the Rel-17 unified TCI framework in terms of power control for PUCCH/PUSCH was agreed as follows:

	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 RAN1#112, the following agreement was made:

	Agreement
On unified TCI framework extension, if an indicated joint/UL TCI state(s) applies to a PUSCH/PUCCH/SRS transmission occasion(s) or antenna port(s), the UE shall determine UL Tx power for the PUSCH/PUCCH/SRS transmission occasion(s) or antenna port(s) based on the UL PC parameter setting for PUSCH/PUCCH/SRS, if any, and the PL-RS included in the indicated joint/UL TCI state
· FFS: For STxMP, the maximum Tx power when the UE determines UL Tx power for the PUSCH/PUCCH transmission occasion(s) or antenna port(s) (discussed after receiving RAN4 reply on UE power limitation for STxMP in FR2)
· FFS: Default UL PC parameter setting(s) if one or both of indicated joint/UL TCI states applied to PUSCH/PUCCH/SRS transmission occasion(s) or antenna port(s) does/do not include the UL PC parameter setting(s) for PUCCH/PUSCH/SRS



On the other hand, it’s worth recalling that Rel-17 introduced some power control enhancements for multi-TRP PUCCH/PUSCH operations, such as:
· the possibility for the gNB to configure a second TPC command field in DCI (formats 1_1/1_2 and 0_1/0_2) for both multi-TRP PUCCH and PUSCH operations,
· the possibility to indicate two open-loop power control parameter P0 values for M-TRP PUSCH operation, in case there is no SRI field in DCI (format 0_1 and 0_2).
 
Considering the extension of the Rel-17 unified TCI framework to multi-TRP use cases in Rel-18, the following can be observed on the Rel-17 M-TRP power control enhancements (for single-DCI mode):
· The Rel-17 enhancements on introducing a second TPC command field in DCI for both multi-TRP PUCCH and PUSCH operations could be used in Rel-18. Specifically, a second TPC command field can be configured in DCI, and for a multi-TRP PUSCH/PUCCH operation considering two indicated TCI states (each associated with a different closed-loop index), first and second indicated TPC commands would apply to UL transmissions/repetitions mapped to a first and second TCI states, respectively; this assumes that these two TCI states are associated to different closed-loop indexes.
· If the second TPC field is not configured, indicated TPC command applies to UL transmissions/repetitions mapped to both first and second TCI states.
· Note that the Rel-17 enhancement to indicate two open-loop power control parameter P0 values for M-TRP PUSCH operation is inherited in the Rel-17 unified TCI framework design, since P0 is associated with an UL or joint TCI state. And the extension of this feature to M-TRP has been agreed in RAN1#109-e, as shown earlier.    

[bookmark: _Ref111225933]Proposal 13: For Rel-18 multi-TRP PUSCH/PUCCH operations under unified TCI framework, reuse the Rel-17 multi-TRP power control enhancement as follows:
· a second TPC field can be configured in DCI formats 1_1/1_2 and 0_1/0_2 to support per-TRP closed-loop power control. Specifically, first and second indicated TPC commands would apply to UL transmissions/repetitions mapped to first and second indicated TCI states, respectively;
· if the second TPC field is not configured, indicated TPC command applies to UL transmissions/repetitions mapped to both first and second indicated TCI states.

Further, regarding the second FFS in the above agreement, for the cases where at least one of the indicated joint/UL TCI states would not be associated to UL PC parameter setting, the following proposal has been proposed in RAN1#110bis-e (based on the related RAN1#110 proposal listing alternatives):
	Proposal 4.A: On unified TCI framework extension, if one or both of indicated joint/UL TCI states applying to PUSCH/PUCCH transmission occasions in an UL BWP at least for S-DCI based PUSCH/PUCCH repetition with TDM is/are not associated with UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) for PUCCH/PUSCH, down-selection one alternative from the followings:
· Alt1: Support two default UL PC parameter settings configured in BWP-UplinkDedicated, and the UE should apply the one or two default UL PC parameter settings configured in the corresponding UL BWP
· FFS: 1-to-1 association between an indicated joint/UL TCI state and a default UL PC parameter setting
· Alt2: No change from Rel-17 unified TCI framework




Overall, we support this proposal and are in principle fine with Alt.1 and Alt.2, with a slight preference towards Alt.1. It’s worth noting that, under Rel-17 M-TRP UL enhancements, two default power control parameter sets are considered. And this is more in line with Alt.1.

[bookmark: _Ref115445360]Proposal 14: On unified TCI framework extension, if one or both of indicated joint/UL TCI states applying to PUSCH/PUCCH transmission occasions in an UL BWP at least for S-DCI based PUSCH/PUCCH repetition with TDM is/are not associated with UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) for PUCCH/PUSCH, select any of Alt1 and Alt2:
· Alt1: Support two default UL PC parameter settings configured in BWP-UplinkDedicated, and the UE should apply the one or two default UL PC parameter settings configured in the corresponding UL BWP
· FFS: 1-to-1 association between an indicated joint/UL TCI state and a default UL PC parameter setting
· Alt2: No change from Rel-17 unified TCI framework, i.e., the UE should apply the one single default UL PC parameter setting configured in the corresponding UL BWP regardless the UL PC parameter setting is absent from one or both of indicated joint/UL TCI states.


2.4.2	Power control related enhancements considering multi-panel UE and simultaneous UL transmissions
In legacy operations, PCMAX,f,c, which basically represents the maximum allowed power for a UE for its UL transmissions, is defined per carrier for a serving cell. For simultaneous UL transmissions, where two PUSCHs or two PUCCHs that overlap in time would be (simultaneously) transmitted on the same carrier, and more generally for multi-panel UE, one important point to discuss and decide is whether to keep PCMAX per carrier or whether to define panel specific PCMAX. Panel specific PCMAX may be needed, when, for example, panel-specific UE power class (e.g., due to different PA characteristics for each panel) is introduced, or panel specific MPR related considerations are assumed, etc.
A related discussion happened in RAN1#109-e, where it was agreed to send an LS to RAN4 in order to check some related aspects, such as whether it’s feasible to assume power limitation per panel or over all UE panels for STxMP, as captured in the below agreement: 
	Agreement
On UE power limitation for STxMP for FR2, send LS to RAN4 to check the followings:
· Whether it is feasible to assume power limitation per panel for STxMP (Assumption 1)
· Whether it is feasible to assume a total power limitation per UE over all UE panels used for STxMP (Assumption 2)
· In either of Assumption1 or Assumption 2, whether the total power limitation per UE over all UE panels used for STxMP or the sum of per-panel power limitation for STxMP can be different from (greater than) the existing power limitation for a given power class?
· If both Assumption 1 and Assumption 2 are feasible, whether both assumptions can be applied to a same UE, and what is the relationship between the per-panel power limitation and total power limitation if both are applied (e.g., the sum of per-panel power limitation can be larger than the total power limitation per UE, or should be always the same)?
FFS: Detail of exact LS if agreed
Note: Scenarios of above include at least single carrier scenario for FR2
Note: Above power limitation includes both total radiated power and EIRP
LS to RAN4 is endorsed in R1-2205639.



In FR2, typically UE devices are having a distributed PA architecture where the PA is part of the mmW module instead of a PA that can be switched to different antennas which is the typical architecture assumption in FR1. The distributed PA architecture means that there is a low power PA per antenna element or per small set of antenna elements within a panel. That means that antenna panels are having their own PAs, in contrast to FR1 where multiple antennas may be switched to PA(s). 
[bookmark: _Ref111225963]Observation 3: In FR2, typically devices are equipped with a distributed PA architecture where each antenna panel is having its own PA(s).
That makes the Assumption1 (Power limitation per panel for STxMP) more suitable for UEs to be adopted in FR2, especially for the high-power class UE devices as targeted in Rel18: FWA, CPE, Vehicular, etc. In addition, as uplink coverage is typically the bottleneck, the higher total EIRP would be beneficial to alleviate uplink coverage issues.
[bookmark: _Ref111225977]Proposal 15: Support at least Assumption 1: Power limitation per panel for STxMP.
Once the above aspects are clarified, PH (power headroom) aspect would need to be discussed. It’s worth recalling that Rel-17 introduced the reporting of two PHs for multi-TRP PUSCH operation. This could be used as a starting point for the Rel-18 discussions on PH aspects for simultaneous UL transmissions, and more generally for multi-panel transmissions. However, given that the network will be switching between single-TRP and multi-TRP UL schemes (such as SDM and TDM), e.g., based on some UE reporting (such as capability value set index reporting), having two PHRs calculated and reported for a cell may not be needed when M-TRP UL schemes are not feasible/needed/applicable, i.e., when only single-TRP scheme is feasible/needed, be it from the UE and/or network perspectives. For instance, if there is a single (UL/joint) TCI state indicated/applicable in the cell, then calculating and reporting two PHRs would not be necessary and would thus unnecessarily increase the UL control overhead.
Another aspect that would need to be discussed is when two-PHR mode is not configured for a cell, i.e., the UE would potentially be required to calculate and report one PH. In this case, for two simultaneous PUSCH transmissions, it should be discussed which PUSCH transmission to consider for the PH calculation and reporting.
[bookmark: _Ref115445446][bookmark: _Ref118644216]Observation 4: Considering the feasibility/need of single-TRP UL scheme versus multi-TRP UL scheme (including simultaneous UL transmissions, such as SDM) from UE and/or network perspectives, two-PHR reporting may not be needed when M-TRP UL schemes are not feasible/applicable. In addition, the UE would be required to potentially calculate and report one PH in case the two-PHR mode is not configured. 
[bookmark: _Ref111225985][bookmark: _Ref115445473]Proposal 16: RAN1 to discuss PH (power headroom) aspects considering the Rel-18 schemes, including simultaneous UL transmissions, such as (i) number of PHRs to report at a given time and which UL scheme to use for the calculation of the PHR(s), and (ii) the cases where the UE is not configured with two-PHR mode.
Further, given that Rel-18 MIMO objective 6 is targeting “CPE/FWA/vehicle/industrial devices”, it should be discussed whether MPE issues would need to be considered in the study. In other words, it should be discussed whether, for instance, some industrial devices can be handheld devices or not. Based on this, RAN1 could decide whether, considering Rel-17 MPE reporting as a basis, some MPE enhancements for simultaneous UL transmission operation are needed. 
[bookmark: _Ref111226005]Proposal 17: Decide whether MPE is an issue considering the targeted devices in the Rel-18 objective on simultaneous UL transmissions.  
Finally, the existing specifications in Sec 7.5 in TS 38.213 copied below define prioritization operation for transmission power reductions for parallel UL transmission on different (serving) cells for the CA case when the UE total required transmit power would exceed the maximum allowed power.  
	For single cell operation with two uplink carriers or for operation with carrier aggregation, if a total UE transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective transmission occasion  would exceed , where  is the linear value of  in transmission occasion  as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS 38.101-2] for FR2, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to  for that frequency range in every symbol of transmission occasion . For the purpose of power allocation in this clause, if a UE is provided uci-MuxWithDiffPrio and the UE multiplexes HARQ-ACK information in a PUSCH, a priority index of the PUSCH is the larger of (a) the priority index of the PUSCH according to clause 9 and (b) the larger priority index of the HARQ-ACK information. When determining a total transmit power for serving cells in a frequency range in a symbol of transmission occasion , the UE does not include power for transmissions starting after the symbol of transmission occasion . The total UE transmit power in a symbol of a slot is defined as the sum of the linear values of UE transmit powers for PUSCH, PUCCH, PRACH, and SRS in the symbol of the slot. 
-	PRACH transmission on the PCell
-	PUCCH or PUSCH transmissions with larger priority index 
-	For PUCCH or PUSCH transmissions with same priority index 
-	PUCCH transmission with HARQ-ACK information, and/or SR, and/or LRR, or PUSCH transmission with HARQ-ACK information of the priority index
-	PUCCH transmission with CSI or PUSCH transmission with CSI
-	PUSCH transmission without HARQ-ACK information of the priority index or CSI and, for Type-2 random access procedure, PUSCH transmission on the PCell
-	SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell 
In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell. In case of same priority order and for operation with two UL carriers, the UE prioritizes power allocation for transmissions on the carrier where the UE is configured to transmit PUCCH. If PUCCH is not configured for any of the two UL carriers, the UE prioritizes power allocation for transmissions on the non-supplementary UL carrier.



Given that Rel-18 introduce the support of STxMP in a same cell, it should be discussed whether/how the transmission power reduction operation needs to be adapted to also account for the presence of Rel-18 STxMP operation.
[bookmark: _Ref127532810]Proposal 18: Discuss prioritization operation for transmission power reductions for the CA case, considering the specified operation in Sec 7.5 in TS 38.213 and taking into account the support of Rel-18 STxMP.  


2.5 S-DCI BFR extension
RAN1#110bis-e made the following agreements to study enhancements for TRP-specific 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

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)




As the S-DCI mTRP does not use CORESETpoolIndex, the determination of BFD-RS in BFD-RS sets would need to be based on the indicated TCI states (first and/or second). The S-DCI framework allows one or two indicated TCI states for PDCCH (e.g. for repetition) based on the configuration associated with one or more CORESETs. 
If the CORESET(s) of a BWP are associated with a configuration for first indicated TCI state only UE determines that it monitors the beam failure on using one BFD-RS set. If UE receives indication for second TCI State it is applied for at least PDSCH reception but not for PDCCH monitoring and thus it does not have effect on implicit BFD-RS configuration
[bookmark: _Ref118644476]Proposal 19: If CORESET(s) of a BWP are associated with configuration of first indicated TCI state, UE monitors beam failure on one set of q0, and the set includes RS included in the TCI state.
If a CORESET (or set) are associated with a configuration for first indicated TCI state and other CORESET (or sets) with a configuration for second indicated TCI state, the UE determines to monitor beam failure on two BFD-RS sets. The RS indicated by the first TCI state is included in the first BFD-RS set and the RS indicated by the second TCI state in the second BFD-RS set.
[bookmark: _Ref118644507]Proposal 20: If a CORESET (or set) are associated with a configuration for first indicated TCI state and other CORESET (or sets) with a configuration for second indicated TCI state, the UE determines to monitor beam failure on two BFD-RS sets (set q0,0 includes RS included in the first TCI state, set q0,1 includes RS included in the second TCI state).
If a CORESET on BWP is associated with configuration of both for first indicated TCI state and second indicated TCI state i.e. the CORESET is assumed as SFN CORESET, the RSs of both TCI States could be monitored on one BFD-RS set. However, if on a BWP there is one CORESET with SFN configuration and e.g additional CORESETs set without SFN configuration (associated with one of the indicated TCI state configurations) the UE could monitor the beam failure on two sets: set q0,0 includes RS included in the first TCI state, set q0,1 includes RS included in the second TCI state.
[bookmark: _Ref118644535]Proposal 21: If BWP has configuration of only an SFN CORESET, the beam failure is monitored on one BFD-RS including RS indicated by the first and second sets.
[bookmark: _Ref118644545]Proposal 22: If BWP has configuration of an SFN CORESET and a non-SFN CORESET, the beam failure is monitored on two BFD-RS sets: set q0,0 includes RS included in the first TCI state, set q0,1 includes RS included in the second TCI state.

2.6 RRC parameters
The following table, Table 1, shows the needed RRC parameters based on the current agreements.

Proposal 23: Consider the potential RRC/RAN2 parameter list provided in Table 1.

[bookmark: _Ref134783358]Table 1 RRC parameters
	RAN2 parameter 
	Description (e.g. value range, existing or new parameter, parent IE etc.)
	Related agreements

	Applied Indicated TCI states for a CORESET
(new parameter)
	First Indicated TCI state, Second Indicated TCI state, both Indicated TCI states 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)

	The presence of a new DCI field to indicate which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception 
	First Indicated TCI state, Second Indicated TCI state, both Indicated TCI states
	Agreement
On unified TCI framework extension for S-DCI based MTRP, a DCI field in DCI format 1_1/1_2 that schedules/activates PDSCH reception is used to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception
• The presence of the DCI field is configurable by RRC; when the DCI field is not present in DCI format 1_1/1_2, the UE shall apply the default indicated joint/DL TCI state(s) to PDSCH reception
o FFS: Details on the default indicated joint/DL TCI state(s) to PDSCH reception
• FFS: The DCI field is a new indicator field or an existing field (e.g., the existing TCI field)
• FFS: Regardless the DCI field is present or not present, how to apply the indicated joint/DL TCI state(s) to PDSCH reception if the offset between the reception of the DCI format 1_1/1_2 and the corresponding PDSCH reception is less than a threshold 
FFS: How to apply the indicated joint/DL TCI state(s) to PDSCH reception scheduled/activated by DCI format 1_0.
Above applies for the case where PDSCHs scheduled by the same DCI.

	Applied Indicated TCI states for a PUCCH resource/group
	First Indicated TCI state, Second Indicated TCI state, both Indicated TCI states
	Agreement
On unified TCI framework extension for S-DCI based MTRP, use RRC configuration to inform that the UE shall apply the first one, the second one, or both of the indicated joint/UL TCI states to a PUCCH resource/group
• Note: Detail of the RRC configuration is left to RAN2 design

	Presence ot TCI selection field in DCI
	Yes, no
	Agreement
On unified TCI framework extension for S-DCI based MTRP, the presence of the [TCI selection field] can be RRC-configured per DL BWP

	Applied Indicated TCI state(s) for a Type1 CG PUSCH
	First Indicated TCI state, Second Indicated TCI state, both Indicated TCI states
	Agreement
On unified TCI framework extension for S-DCI based MTRP, an RRC configuration is provided to a Type1 CG configuration to inform that the UE shall apply the first, the second, or both indicated joint/UL TCI states to the corresponding CG-PUSCH transmission
- If the first or the second indicated joint/UL TCI state is applied, the UE shall apply the first or the second indicated joint/UL TCI state to all PUSCH antenna port(s) of corresponding PUSCH transmission occasions(s)
- If both indicated joint/UL TCI states are applied:
n 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 

	Applied Indicated TCI state(s) for a CSI-RS resource set or resource
	First Indicated TCI state or Second Indicated TCI state
	Agreement
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)




3.	Conclusions
Based on the discussion above we made the following observations and proposals:
TCI state update and activation:
Proposal 1: In M-DCI, for the AP CSI-RS resource (set) for BM and CSI, TCI state assumption is configured in RRC whether Indicated joint or DL TCI state 0 or Indicated joint or DL TCI state 1 or joint or DL TCI state.
Observation 1: In m-DCI, configuration needs to be provided for SRS resource (set) that whether the resource(s) follow Indicated TCI state 0, Indicated TCI state 1 or TCI state.
Proposal 2: In M-DCI, for the SRS resource (set), TCI state assumption is configured in RRC whether Indicated joint or UL TCI state 0 or Indicated joint or UL TCI state 1 or joint or UL TCI state.
Proposal 3: On unified TCI framework extension for M-DCI based MTRP, for PUCCH transmission, do not support other options than Opt2:
· 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.
Proposal 4: In S-DCI based MTRP support the max number of MAC CE activated TCI codepoints being 16.
Proposal 5: In S-DCI based MTRP support up to four-bit TCI field in DCI.
Proposal 6: For common TCI state ID update/activation for CA, support RRC signaling that configures UE that which indicated TCI state(s) of the reference CC/BWP to follow in other CCs/BWPs when the other CCs/BWPs are configured either with single- or multi-TRP configuration.

How to associate the indicated TCI state(s) with each target channel/signal in S-DCI based MTRP:
Proposal 7: On unified TCI framework extension for S-DCI based MTRP, for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field] the UE shall apply both of two indicated joint/DL TCI states to the scheduled/activated PDSCH reception.
Proposal 8: 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 less than a threshold the UE shall apply the first indicated joint/DL TCI state for the single PDSCH reception.
Proposal 9: Reuse the existing timeDurationForQCL threshold value setting based on the UE capability.
Proposal 10: Apply the first Indicated TCI state to the PDSCH reception scheduled/activated by DCI format 1_0.Proposal 11: Apply the first Indicated TCI state to the PDSCH reception scheduled/activated by DCI format 1_0.
Proposal 11: On unified TCI framework extension for S-DCI based MTRP, when two SRS resource sets for CB/NCB are configured, support also the following for STxMP (SDM) 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 "10", apply two-panel transmission (SDM) to single-TRP according to the first and second resource sets
· If the DCI format 0_1/0_2 indicates codepoint "11", apply two-panel transmission (SDM) to multi-TRP according to the first and second resource sets

Observation 2: Network is able to guarantee that the source RS for the spatial Tx filter(s) determination from the indicated joint/UL TCI state(s) applied to a PUSCH transmission is aligned with the source RS for the spatial Tx filter(s) determination used for the SRS transmission corresponding to the SRS resource(s) indicated to the PUSCH transmission.
On supporting CJT PDSCH with the unified TCI framework:
Proposal 12: Support Alt1: PDSCH DMRS port(s) is QCLed with the DL RSs of both indicated joint TCI states with respect to QCL-TypeA.

UL PC for UL MTRP:
Proposal 13: For Rel-18 multi-TRP PUSCH/PUCCH operations under unified TCI framework, reuse the Rel-17 multi-TRP power control enhancement as follows:
· a second TPC field can be configured in DCI formats 1_1/1_2 and 0_1/0_2 to support per-TRP closed-loop power control. Specifically, first and second indicated TPC commands would apply to UL transmissions/repetitions mapped to first and second indicated TCI states, respectively;
· if the second TPC field is not configured, indicated TPC command applies to UL transmissions/repetitions mapped to both first and second indicated TCI states.

Proposal 14: On unified TCI framework extension, if one or both of indicated joint/UL TCI states applying to PUSCH/PUCCH transmission occasions in an UL BWP at least for S-DCI based PUSCH/PUCCH repetition with TDM is/are not associated with UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) for PUCCH/PUSCH, select any of Alt1 and Alt2:
· Alt1: Support two default UL PC parameter settings configured in BWP-UplinkDedicated, and the UE should apply the one or two default UL PC parameter settings configured in the corresponding UL BWP
· FFS: 1-to-1 association between an indicated joint/UL TCI state and a default UL PC parameter setting
· Alt2: No change from Rel-17 unified TCI framework, i.e., the UE should apply the one single default UL PC parameter setting configured in the corresponding UL BWP regardless the UL PC parameter setting is absent from one or both of indicated joint/UL TCI states.

Observation 3: In FR2, typically devices are equipped with a distributed PA architecture where each antenna panel is having its own PA(s).
Proposal 15: Support at least Assumption 1: Power limitation per panel for STxMP.
Observation 4: Considering the feasibility/need of single-TRP UL scheme versus multi-TRP UL scheme (including simultaneous UL transmissions, such as SDM) from UE and/or network perspectives, two-PHR reporting may not be needed when M-TRP UL schemes are not feasible/applicable. In addition, the UE would be required to potentially calculate and report one PH in case the two-PHR mode is not configured.
Proposal 16: RAN1 to discuss PH (power headroom) aspects considering the Rel-18 schemes, including simultaneous UL transmissions, such as (i) number of PHRs to report at a given time and which UL scheme to use for the calculation of the PHR(s), and (ii) the cases where the UE is not configured with two-PHR mode.
Proposal 17: Decide whether MPE is an issue considering the targeted devices in the Rel-18 objective on simultaneous UL transmissions.
Proposal 18: Discuss prioritization operation for transmission power reductions for the CA case, considering the specified operation in Sec 7.5 in TS 38.213 and taking into account the support of Rel-18 STxMP.

BFR Aspects:
Proposal 19: If CORESET(s) of a BWP are associated with configuration of first indicated TCI state, UE monitors beam failure on one set of q0, and the set includes RS included in the TCI state.
Proposal 20: If a CORESET (or set) are associated with a configuration for first indicated TCI state and other CORESET (or sets) with a configuration for second indicated TCI state, the UE determines to monitor beam failure on two BFD-RS sets (set q0,0 includes RS included in the first TCI state, set q0,1 includes RS included in the second TCI state).
Proposal 21: If BWP has configuration of only an SFN CORESET, the beam failure is monitored on one BFD-RS including RS indicated by the first and second sets.
Proposal 22: If BWP has configuration of an SFN CORESET and a non-SFN CORESET, the beam failure is monitored on two BFD-RS sets: set q0,0 includes RS included in the first TCI state, set q0,1 includes RS included in the second TCI state.
Proposal 23: Consider the potential RRC/RAN2 parameter list provided in Table 1.
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Appendix A
[bookmark: _Ref115436687]Table 2 LLS assumptions
	Parameter
	Value

	Carrier frequency
	 30GHz

	Subcarrier spacing
	 120 kHz 

	System bandwidth 
	 8 RBs

	Waveform
	 CP-OFDM

	Transmission mode
	 Single panel: rank 2 and 4 
 Multi panel: rank 1 + rank 1, rank 2 + rank 2

	UE Antenna configuration
	 two Tx panels: (M,N,P,Mg,Ng ) = (2,4,2,1,2)
 single Tx panel: (M,N,P,Mg,Ng ) = (2,4,2,1,1)   

	BS Antenna configuration
	 (M,N,P,Mg,Ng ) = (4,8,2,1,2)

	BS 
	 Single TRP and multi TRP

	Precoder configuration
	 SVD per panel

	Slot structure
	 14 symbols (2 symbols for DMRS, 10 symbols for data) 

	MCS
	 MCS2 and MCS4

	Channel estimator
	 2x1D (FD: Wiener, TD: linear)

	Channel model
	 CDL-D 100ns, CDL-C 30ns

	UE/BS position
	 UE antenna position (350m,0m), BS antenna position (0m,0m) and (700m,0m)

	BS antenna angles
	 BS panel bearing angles 0o and -180o

	UE antenna angles
	UE panel bearing angles  0o + i  (Panel 1) and -180o + i (Panel 2), i  = [0o]. No panel selection, fixed angle used throughout simulation. 



Appendix B 
Numerical Results for single panel to sTRP, multi-panel to sTRP, and multi-panel to mTRP throughput performance comparison with joint power limitation
[image: ]
Figure B.1: Single panel to sTRP, multi-panel to sTRP, and multi-panel to mTRP throughput performance comparison with joint power limitation (Pmulti = 2Psingle) in CDL-D channel.

Observation B.1: Allowing multi-panel transmission to use power Pmulti = 2Psingle, performance difference is significant to single-panel case, e.g. gain between +5dB up to +12dB. With this assumption the gains from multi-panel transmission are clear for both sTRP and mTRP. 
Observation B.2: Multi-panel to sTRP provides significantly better performance (+5dB gain) than single panel to sTRP. 
[image: ]
Figure B.2: Single panel to sTRP, multi-panel to sTRP, and multi-panel to mTRP throughput performance comparison with joint power limitation (Pmulti = 2Psingle) in CDL-C channel.
Observation B.3: Allowing multi-panel transmission to use power Pmulti = 2Psingle, we can see 1-2 dB gain from multi-panel transmission. 
Observation B.4: Similarly, as in LOS case, with joint power limitation there is gain from multi-panel transmission for both sTRP and mTRP scenarios.
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