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Introduction
In this paper, we present a discussion on extension of Rel-17 unified TCI framework to multi-TRP transmission/reception based on the MIMO WI objectives [1].
	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)
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.


[bookmark: _Hlk47732020]In Rel-17 NR, unified TCI framework was introduced to unify beam indication for downlink and uplink using joint DL/UL TCI states for cases when downlink and uplink use the same beam and with separate DL/UL TCI for the case when beam correspondence is not assumed with different beams for downlink and uplink. The unified TCI framework assumes a common beam operation in DL and UL where the same beam is used across all DL/UL signals and channels unless specific RS and channels are configured not to apply the indicated TCI state. In Rel-17, the framework was specified only for single TRP case with M=1 downlink QCL and N=1 uplink spatial filter being indicated by each TCI codepoint i.e., MAC-CE maps a single joint TCI state or a single DL and/or a single UL TCI state to a TCI codepoint. In Rel-18 unified TCI framework should be extended to multi-TRP transmission schemes. In this paper, we discuss views on extension of unified TCI framework to Rel-16 and Rel-17
Issue 2 – TCI State Update and Activation
Single-DCI Multi-TRP
The following agreements were made for TCI state update of S-DCI in RAN1#111 and RAN1#112
	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
· 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.

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




In addition to agreeing on the design of the new DCI field to indicate which one or both of the 2 indicated TCI states should be applied to PDSCH scheduled by DCI 1_1/2, the following proposal for how to update indicated TCI state has been discussed in the last meeting as well as offline discussion before RAN1#112bis-e
	Proposal 2.1: On unified TCI framework extension for S-DCI based MTRP operation, support the followings:
· For a serving cell configured with joint DL/UL TCI mode, one or two joint TCI states can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment)
· For a serving cell configured with separate DL/UL TCI mode, one or two DL TCI states and/or one or two UL TCI states can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment)
· The indicated joint/DL/UL TCI state(s) is updated according to the joint/DL/UL TCI state(s) mapped to a TCI codepoint received by the UE
· FFS: If the UE receives a TCI codepoint mapped with one single joint TCI state in a serving cell configured with joint DL/UL TCI mode, or receives a TCI codepoint mapped with one single DL and/or UL TCI state in a serving cell configured with separate DL/UL TCI mode, whether the UE shall switch to single TRP operation in the serving cell?
· FFS: Whether TCI state activation command (MAC-CE) should indicate the followings?
· For a serving cell configured with joint DL/UL TCI mode, each activated joint TCI state in TCI state activation command corresponds to the 1st joint TCI state or 2nd joint TCI state. 
· For a serving cell configured with separate DL/UL TCI mode, each activated DL/UL TCI state in TCI state activation command corresponds the 1st DL TCI state, 1st UL TCI state, 2nd DL TCI state, or 2nd UL TCI state.
· Note: Detail on how to indicate above is up to RAN2 design




Based on the above proposal, it becomes the case that one or two TCI states can be mapped to a TCI codepoint. However, the UE behaviour for the case when only one TCI state is mapped to a MAC-CE codepoint is left as an FFS. In addition, the second FFS also addresses whether the MAC-CE is able to indicate whether a single mapped TCI state in a codepoint is the “first” or “second” indicated TCI state. The order of this discussion should in fact be reversed and the FFS points should be decided first in order to better understand the signaling mechanism. This is because indication of a single TCI state under the current framework can still correspond to mTRP operation but with “update” of one of the two previously indicated TCI states with the MAC-CE potentially signaling which of the two indicated TCI state should be updated. However, this mode of operation brings about a contradiction with how legacy mTRP framework uses the number of TCI states mapped to a MAC-CE codepoint.  
In Rel-17, S-DCI based mTRP supported dynamic switching between schemes based on the number of indicated TCI states and the number of DM-RS CDM groups and it can be illustrated as follows. 


[bookmark: _Ref127532614]Figure 1: Dynamic switching in legacy Rel-16 NR between sTRP and mTRP schemes
It would be preferable to keep dynamic switching functionality in Rel-18 as well. Therefore, the function of the indicator field and S-DCI based switching between single-TRP and multi-TRP schemes need to be considered together and clarified before further agreements on how TCI state mapping and update works. 
Proposal 1: For S-DCI based PDSCH, dynamic switching between sTRP and different mTRP schemes as specified in Rel-17 should be supported. 

Assuming dynamic switching is supported, the DCI field in the DCI can be used to support dynamic switching when configured by RRC to be present in DCI formats 1_1/1_2. 
DCI Indicator Field is Present
When the DCI field is configured to be present in the scheduling DCI, the field may indicate which one or both of the indicated TCI states are to be applied based on the previous agreement. This agreement then implies that switching between single TRP and mTRP schemes are handled using this new DCI field when the indicated TCI codepoint is mapped to two TCI states. 
On the other hand, if the UE is indicated with a TCI codepoint mapped to a single TCI state, then there are two alternatives 
· The DCI indicator field is ignored and sTRP operation is assumed as in legacy case whenever the UE receives a TCI codepoint mapped to single TCI state
· The new DCI indicator field is used to switch between sTRP and mTRP opreration.

The dynamic switching mechanism assuming the use of the DCI indicator field is illustrated in Figure 2. 



[bookmark: _Ref127351366]Figure 2: Dynamic switching of sTRP and mTRP schemes using new DCI indicator field
If the second alternative is assumed, then the sTRP vs. mTRP switching can always be handled by the new DCI indicator field i.e., if single TCI state is indicated, the UE can update one of the two TCI states for mTRP operation based on the value of the field.
Proposal 2: If the new DCI indicator field is configured to be present by RRC for S-DCI based mTRP, dynamic switching between sTRP and mTRP schemes can be supported based on the number of indicated TCI states and the value of the indicator field 
The above proposal addresses the first FFS point in Proposal 2.1. The second FFS point in Proposal 2.1 can be addressed by introducing TCI state grouping via the TCI state activation MAC-CE. In this case, if the DCI indicates a codepoint mapped with two TCI states is indicated, the mapping of TCI states to MAC-CE codepoints can implicitly determine which mapped TCI is “first” indicated TCI and which mapped TCI is “second” indicated TCI. However, we also need to address the case where some MAC-CE codepoints are potentially mapped to single TCI state. In this case, the MAC-CE can potentially include an additional index similar to coresetPoolIndex or a TCI group ID which can specify the TRP to which the beam indication is applicable.


[bookmark: _Ref118651957]Figure 3: TCI State Grouping for S-DCI based where explicit TCI group ID is indicated by TCI activation MAC-CE which supports single or two TCI states configured to a codepoint
This functionality can also be useful, as discussed in Section 5, for beam failure detection and recovery. 
Proposal 3: The MAC-CE for TCI state activation can configure one or two TCI states to each codepoint with an additional index (0 or 1) corresponding to a TCI group where the first group can correspond to first indicated TCI and the second group can correspond to second indicated TCI for S-DCI based MTRP
An additional point to note is that agreement on the DCI indicator field is applicable only for the cases when UE reports capability of supporting two default beams as in legacy or for the case when the PDSCH is scheduled after a threshold. For the case when UE does not support the capability of two default beams, it would be reasonable to assume that the UE cannot expect to be scheduled with a PDSCH in mTRP which begins before a threshold. Additionally, this UE would also find it impossible to switch between mTRP and sTRP since the switch would most likely be based on DCI indication and the UE would have to buffer on two beams before DCI is decoded. Therefore, we have the following proposal.
Proposal 4: UEs which do not support the capability of two default beams in FR2 should not expect to be scheduled with a PDSCH which starts before a threshold. 

Proposal 5: Legacy UE capability for two default beams can be reused in Rel-18


DCI Indicator Field is not Present 
For this case, the switching can again have a few options. The first option is to fall back to legacy switching mechanism as shown in Figure 1. Alternatively, it may also be a reasonable option that dynamic switching between sTRP and mTRP is not supported when the DCI field is not configured by RRC. 
The following agreement was reached in RAN1#112 for the case when DCI field is not present. 
	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)


In this case, Alt-4 may correspond to a scheme similar to legacy dynamic switching between sTRP and mTRP. However, if the DCI indication field is absent, it seems to be most reasonable for the UE to simply apply both the indicated TCI states i.e., s-DCI mTRP is assumed for the case when DCI field is absent. 
Proposal 6: When the DCI indication field for S-DCI multi-TRP is not configured, support Alt-3 where UE applies both the indicated TCI states to PDSCH reception. Dynamic switching between mTRP/sTRP is not supported and a threshold for supporting two beams is not required. 
Since sTRP operation is not supported under this configuration, MAC-CE based switching to sTRP mode can be assumed when all MAC-CE codepoints are configured to map to single joint/DL/UL or DL+UL TCI states. 
Proposal 7: Switching between sTRP and mTRP can be done via MAC-CE by reconfiguring all TCI codepoints to map to single TCI states. 

Beam Application Time
When unified TCI framework is used for beam indication for single DCI multi-TRP, for the case when the UE is configured with joint DL/UL beam indication with the value of unifiedtci-StateType set to “JointULDL”, the UE expects to be indicated with a TCI codepoint which is mapped to two joint DL/UL TCI states, one for each TRP. The legacy Rel-16/17 MAC-CE can be used to map the joint DL/UL TCI states to the TCI codepoints. When configured for separate DL/UL beam indication with the value of unifiedtci-StateType set to “SeparateULDL”, the UE expects to be indicated with a TCI codepoint which is mapped to two (M=2) DL TCI states or two (N=2) UL TCI states or two DL + two UL TCI states. For the beam indication, the beam application time needs to be determined based on configured BAT across the TRPs and CCs.  
Proposal 8: The beam application time for single-DCI multi-TRP can be configured per CC for all TRPs and is determined based on the smallest SCS among the CCs from the TRPs which apply the indicated beams.

Multi-DCI Multi-TRP
A default beam for each CORESETPoolIndex is applicable after initial access and before the first slot boundary after beam application time after the UE receives a first beam indication DCI for the corresponding CORESETPoolIndex. Once the UE receives a beam application DCI corresponding to a CORESETPoolIndex, the indicated beam, once applied is assumed to be active until a different TCI state is indicated either by DCI or MAC-CE.
Proposal 9: Default beam for multi-DCI multi-TRP is applicable after initial access and before a first beam indication. After BAT of first beam indication, the indicated TCI per CORESETPoolIndex remains active until a different TCI is indicated per CORESETPoolIndex.

Issue 3 – TCI State Association With Target Channels/Signals
Multi-DCI Multi-TRP
PUCCH Transmission for Multi-DCI Multi-TRP
On this note, for PUCCH transmission, in Rel-17 the indicated joint/UL TCI state is applicable to all configured PUCCH resources within a CC. But for M-DCI based MTRP operation, some more clarifications are needed especially for the case when, for example, joint HARQ feedback is configured for M-DCI. The scheduling DCI should update the PUCCH beam for only a subset of PUCCH resources corresponding to a particular TRP. Otherwise the PUCCH beam would always follow the indicated TCI corresponding to the last received DCI. To solve this issue, a PUCCH resource or resource group can be configured by RRC to be associated with a specific value of the coresetPoolIndex. When a DCI provides a new TCI indication, the PUCCH resources associated with the coresetPoolIndex corresponding to the DCI are the ones for which the indicated TCI state is applicable. The PUCCH resources associated with the other coresetPoolIndex continues to follow the previously indicated TCI state or default TCI state whichever is applicable. 
Proposal 10: For PUCCH transmission in M-DCI based MTRP, PUCCH resource/group should be configured by RRC to be associated with a specific value of coresetPoolIndex and when a beam indication DCI is received, the PUCCH resources corresponding to coresetPoolIndex associated with the DCI should apply the indicated TCI state. 
Single-DCI Multi-TRP
PDCCH Reception for Single-DCI Multi-TRP
The following proposal has been discussion offline
	Proposal 3.1: On unified TCI framework extension for S-DCI based MTRP:
· If a CORESET other than a CORESET with index 0 is associated only with USS sets and/or Type3-PDCCH CSS sets, the CORESET is configured by RRC to apply the first indicated joint/DL TCI state, the second indicated joint/DL TCI state, or both first and second indicated joint/DL TCI states to PDCCH reception on the CORESET
· If a CORESET other than a CORESET with index 0 is associated at least with CSS sets other than Type3-PDCCH CSS sets and followUnifiedTCIstate = 'enabled' is configured for the CORESET, the CORESET is configured by RRC to apply the first indicated joint/DL TCI state, the second indicated joint/DL TCI state, or both first and second indicated joint/DL TCI states to PDCCH reception on the CORESET
· If a CORESET with index 0 is configured with followUnifiedTCIstate = 'enabled':
· If the CORESET is associated with SS#0 for Type 0/0A/2 CSS sets, the CORESET is configured by RRC to apply the first indicated joint/DL TCI state or the second indicated joint/DL TCI state to PDCCH reception on the CORESET
· Otherwise, the CORESET is configured by RRC to apply the first indicated joint/DL TCI state, the second indicated joint/DL TCI state, or both first and second indicated joint/DL TCI states to PDCCH reception on the CORESET




The proposal should be supported since the distinction between CORESET#0 and other CORESETs are needed based on the agreement made in Rel-17 HST-SFN where RAN1 could not reach consensus on whether SFN is supported for CORESET#0 associated with SS#0 for Type 0/0A/2 CSS sets and it was agreed that the UE does not expect such a CORESET to be configured with 2 TCI states. Therefore, the highlighted bullet is needed to address this issue and the proposal should be agreed.  
PUSCH Transmission for Single-DCI Multi-TRP
For PUSCH transmission, firstly DCI formats 0_1/0_2 should be enabled for beam indication which was a missing functionality in Rel-17 unified TCI design. Using a separate DCI for beam indication and then the scheduling DCI to signal association of the indicated TCI the transmission incurs unnecessary latency. This is true especially for the case when separate DL/UL TCI mode is in use. 
Proposal 11: For single-DCI mTRP PUSCH transmission, use DCI format 0_1/0_2 for both beam indication and for informing association of TCI with PUSCHs. 

Multi-TRP Repetition Schemes
PDSCH Repetition Scheme 3 (TDMSchemeA) & Scheme 4 (TDMSchemeB)
When the time offset between the DCI and the 1st PDSCH transmission occasion is below the BAT when the scheduling DCI indicates the beams, and before the UE has received the first beam indication DCI with a TCI codepoint which is mapped to two joint DL/UL TCI states, or 2 DL + 2 UL TCI states, two default beams are applied where the default beams for each TRP are determined based on the activated TCI codepoints in the slot with the first PDSCH transmission and the lowest indexed TCI codepoint which is mapped to 2 joint DL/UL or 2 DL + 2 UL TCI states is considered to be the default beam.
Proposal 12: For PDSCH Repetition Schemes 3 and 4, default beam (before the first beam indication DCI is received and decoded) is based on the activated TCI codepoints in the slot with the first PDSCH transmission and is the lowest indexed TCI codepoint which is mapped to 2 joint/DL/UL TCI states or 2 DL and 2 UL TCI states (separate DL/UL beam indication).
After the UE receives a beam indication DCI with a codepoint mapped to two TCI states, the default beam is assumed to the indicated TCI states which are active in the slot with the first PDSCH transmission.
PDCCH Repetition for Multi-TRP
[image: ]
[bookmark: _Ref102179232]Figure 4: PDCCH Repetition for Rel-17 Multi-TRP Operation with SS set linking
Rel-17 PDCCH repetition for multi-TRP operation is illustrated in Figure 4. For PDCCH repetition in Rel-17 multi-TRP, a DCI is repeated from two TRPs wherein each repetition is from a SS set linked to CORESET which associated with a TCI state. In Figure 1, PDCCH-1 and PDCCH-2 are repetitions of the same DCI. Candidate m of SS set-1 is linked with candidate m of SS-set-2 for a given AL, using RRC signaling.
For support of PDCCH repetition using unified TCI framework, CORESET-1 and CORESET-2 can be configured to apply the indicated joint or DL TCI state(s) only for the case when the indicated TCI state includes 2 joint or DL TCI states. The first indicated TCI state applies to CORESET-1 and second indicated TCI state applies to CORESET-2.
Proposal 13: For PDCCH repetition, the two CORESETs apply indicated the two indicated TCI state(s) where the first indicated TCI state applies to CORESET 1 and the second indicated TCI state applies to CORESET-2.

PUCCH Repetition for Multi-TRP
                                                             [image: ]Intra-Slot Repetition
Inter-Slot Repetition

Figure 5: PUCCH Repetition Schemes for Rel-17 Multi-TRP operation
[bookmark: _Hlk102180339]In Rel-17 multi-TRP, PUCCH repetition schemes were specified with both intra and inter slot repetition. When unified TCI framework is used to support PUCCH repetitions, PUCCH resources or resource sets can be configured to follow the indicated Rel-17 joint or UL TCI state and a beam indication DCI with format 1_1/1_2 (with or without data assignment) or 0_1/0_2 with UL data assignment can indicate a TCI codepoint mapped to two joint or UL TCI states and the first TCI state of the codepoint maps to the first PUCCH repetition and the second TCI state in the codepoint maps to the second PUCCH repetition and this pattern repeats for every subsequent repetition
Proposal 14: For PUCCH repetition, DCI 0_1/0_2 can indicate a TCI codepoint mapped to two joint or UL TCI states and the first TCI state of the codepoint maps to the first PUCCH repetition and the second TCI state in the codepoint maps to the second PUCCH repetition.
Issue 5 – Unified TCI for Coherent JT 
For support of CJT, it was agreed in RAN1#110bis-e that only up to 2 joint TCI states will be supported based on UE capability with FFS on QCL assumptions for the two joint TCI states. In general, we prefer to support per-TRP TRS transmissions and for joint 2 TCI States, Rel-17 PDSCH-SFN scheme A can be used. When more than 1 unified TCI is applied to CJT schemes, further discussion is needed in RAN1 on assumptions for channels other than PDSCH, since unified TCI states are applicable to multiple channels in DL and/or UL.
Proposal 15: Support TRS transmission from up to 2 TRPs corresponding to two joint TCI states for CJT

Proposal 16: For CJT operation with 2 joint DL/UL or separate DL TCI states, further discussion is need on TCI assumptions for other physical channels than PDSCH for the indicated TCI states. 
Issue 6 – Beam Reporting And BFR
For study of MTRP BFR under the unified TCI framework, the following agreement was made in RAN1#110bis-e
	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


Implicit BFD-RS may be supported for S-DCI based MTRP. It has been previously discussed if the concept of coresetPoolIndex should also be extended to S-DCI for this purpose. To this end, we think that instead of coresetPoolIndex, a new ID may be used e.g., a TCI state group ID or another explicit ID (0 or 1) which the TCI state activation MAC-CE associates with each TCI codepoint. In case every TCI codepoint is mapped to two TCI states, the set of first TCI states can be considered as one TCI state group and the set of second TCI states can be considered as a second TCI state group. For codepoint with single TCI state mapped, the value of ID identifies the TCI state group. The UE can assume that the TCI states in the TCI state groups form BFD-RS sets corresponding to each TRP. In general, in order to not violate the UE capability of BFD-RS tracking, the first N TCI states in each group can be chosen as implicit BFD-RSs. 
Proposal 17: Allow implicit BFD-RS determination based on activated joint/DL TCI states for S-DCI based MTRP.
Unified TCI Framework for STxMP
Panel-ID reporting:
[bookmark: _Ref115098859]In previous RAN1 meetings and discussions, we have the following FL proposals and agreements.
	RAN1#112 STxMP FL Proposal 2-4: For the multi-DCI based STxMP PUSCH+PUSCH transmission 
· Study the scenario where being capable of supporting STxMP PUSCH+PUSCH transmission might change to being incapable of supporting STxMP PUSCH+PUSCH, for example due to channel condition variation.
· FFS: whether that is a valid scenario to deal with.
· FFS: whether/how to deal with this scenario. 
· FFS: UE behaviour and system behaviour to deal with this scenario
FFS: how to identify good Tx beam pairs for single-DCI based STxMP and multi-DCI based STxMP

RAN1#108e (Unified TCI Agreement)
On Rel.17 enhancements to facilitate UE-initiated panel activation and selection, support the UE reporting a list of UE capability value [sets]
· Each UE capability value [set] comprises the max supported number of SRS ports
· Any two capability values [sets] are different 
· Whether the UE capability value [set] can be common across all BWPs/CCs in same band or BC can be discussed in UE feature session




	[image: ]
[bookmark: _Ref118647073]Figure 6: UL STxMP Tx - L1-RSRP with panel selection (2Rx)
	[image: ]
[bookmark: _Ref118647090]Figure 7: UL single TRP Tx - L1-RSRP using all panels (4Rx)



We support the motivation for the NW to be informed on whether channel condition permits a UE to support STxMP PUSCH+PUSCH transmission. Channel condition is used in a general form to include scenarios due to UE rotation or switching power on/off at the UE side. It is equally important for the NW to know a UE moving from sTRP to STxMP mode and vice-versa. This can be achieved by the following steps:
· Step-0: UE reports ability to support STxMP transmission along with a UE capability value set that comprises of the max supported number of SRS ports (two capability values sets may have the same number of SRS ports)
· Step-1: gNB transmits SSBs/CSI-RSs in different CSI resource sets using different TRPs.
· Step-2: In a non- groupBasedBeamReporting setting (Figure 7), the UE measures the received the SSB/CSI-RS from all panels and reports L1-RSRP along with a UE capability value set index (panel-ID) in a CSI report. In a groupBasedBeamReporting setting (Figure 6), the UE measures the SSB/CSI-RS received from the best selected panel and reports L1-RSRPs where each L1-RSRP is associated with a value set index (panel-ID) indicating which panel is used for L1-RSRP measurement. 
· Step-3: The NW could determine from the UCI reports whether the UE is suitable for STxMP transmission and also can determine pairs of TCI states that are compatible for STxMP.
Proposal 18: [bookmark: p1][bookmark: _Ref115097614] To support the scenario where a UE transitions between STxMP operation and sTRP operation, enhance the Rel-17 UE capability value set reporting to the case of symmetric panels with corresponding value set reporting in L1-RSRP reports (with groupBasedBeamReporting turned on/off). 
Conclusion
In this paper, unified TCI extension to multi-TRP operation and simultaneous multi-panel UL transmission was discussed. The main proposals from this paper are outlined here:
Proposal 1: For S-DCI based PDSCH, dynamic switching between sTRP and different mTRP schemes as specified in Rel-17 should be supported
Proposal 2: If the new DCI indicator field is configured to be present by RRC for S-DCI based mTRP, dynamic switching between sTRP and mTRP schemes can be supported based on the number of indicated TCI states and the value of the indicator field 
Proposal 3: The MAC-CE for TCI state activation can configure one or two TCI states to each codepoint with an additional index (0 or 1) corresponding to a TCI group where the first group can correspond to first indicated TCI and the second group can correspond to second indicated TCI for S-DCI based MTRP
Proposal 4: UEs which do not support the capability of two default beams in FR2 should not expect to be scheduled with a PDSCH which starts before a threshold. 
Proposal 5: Legacy UE capability for two default beams can be reused in Rel-18
Proposal 6: When the DCI indication field for S-DCI multi-TRP is not configured, support Alt-3 where UE applies both the indicated TCI states to PDSCH reception. Dynamic switching between mTRP/sTRP is not supported and a threshold for supporting two beams is not required. 
Proposal 7: Switching between sTRP and mTRP can be done via MAC-CE by reconfiguring all TCI codepoints to map to single TCI states
Proposal 8: The beam application time for single-DCI multi-TRP can be configured per CC for all TRPs and is determined based on the smallest SCS among the CCs from the TRPs which apply the indicated beams.
Proposal 9: Default beam for multi-DCI multi-TRP is applicable after initial access and before a first beam indication. After BAT of first beam indication, the indicated TCI per CORESETPoolIndex remains active until a different TCI is indicated per CORESETPoolIndex
Proposal 10: For PUCCH transmission in M-DCI based MTRP, PUCCH resource/group should be configured by RRC to be associated with a specific value of coresetPoolIndex and when a beam indication DCI is received, the PUCCH resources corresponding to coresetPoolIndex associated with the DCI should apply the indicated TCI state. 
Proposal 11: For single-DCI mTRP PUSCH transmission, use DCI format 0_1/0_2 for both beam indication and for informing association of TCI with PUSCHs
Proposal 12: For PDSCH Repetition Schemes 3 and 4, default beam (before the first beam indication DCI is received and decoded) is based on the activated TCI codepoints in the slot with the first PDSCH transmission and is the lowest indexed TCI codepoint which is mapped to 2 joint/DL/UL TCI states or 2 DL and 2 UL TCI states (separate DL/UL beam indication).
Proposal 13: For PDCCH repetition, the two CORESETs apply indicated the two indicated TCI state(s) where the first indicated TCI state applies to CORESET 1 and the second indicated TCI state applies to CORESET-2.
Proposal 14: For PUCCH repetition, DCI 0_1/0_2 can indicate a TCI codepoint mapped to two joint or UL TCI states and the first TCI state of the codepoint maps to the first PUCCH repetition and the second TCI state in the codepoint maps to the second PUCCH repetition
Proposal 15: Support TRS transmission from up to 2 TRPs corresponding to two joint TCI states for CJT
Proposal 16: For CJT operation with 2 joint DL/UL or separate DL TCI states, further discussion is need on TCI assumptions for other physical channels than PDSCH for the indicated TCI states. 
Proposal 17: Allow implicit BFD-RS determination based on activated joint/DL TCI states for S-DCI based MTRP
Proposal 18: To support the scenario where a UE transitions between STxMP operation and sTRP operation, enhance the Rel-17 UE capability value set reporting to the case of symmetric panels with corresponding value set reporting in L1-RSRP reports (with groupBasedBeamReporting turned on/off)
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