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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 the remaining issues for extension of unified TCI framework to Rel-16 and Rel-17 multi-TRP operation. 
Issue 2 – TCI State Update and Activation
Single-DCI Multi-TRP
Switching between single-TRP and multi-TRP
The following agreement was made for TCI state update of S-DCI in RAN1#112bis-e:
	Agreement
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, a full-set or any sub-set of {first joint TCI state, second joint TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)
· For a serving cell configured with separate DL/UL TCI mode, a full-set or any sub-set of {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)
· TCI state activation command (MAC-CE) should indicate that each joint/DL/UL TCI state mapped to a TCI codepoint is the first or second joint/DL/UL TCI state (detail on how to indicate above is up to RAN2 design)
· The first/second indicated joint/DL/UL TCI state(s) is updated according to the corresponding first/second joint/DL/UL TCI state(s) mapped to the TCI codepoint received by the UE
· If the UE receives a TCI codepoint mapped with a sub-set of {first joint TCI state, second joint TCI state} or {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state}, the UE shall update the first/second indicated joint/DL/UL TCI state(s) according to the first/second joint/DL/UL TCI state(s) in the subset and keep other indicated first/second joint/DL/UL TCI state(s) that is not updated by the received TCI codepoint



The above agreement necessitates that for S-DCI multi-TRP, a UE is expected to maintain “two” indicated joint/DL/UL TCI states and the number of TCI states mapped to the TCI codepoint is not a basis for switching between sTRP and mTRP operation which is further clarified by the following conclusion.
	Conclusion
On unified TCI framework extension for S-DCI based MTRP operation, there is no consensus to support dynamic switching between single-TRP operation and multi-TRP operation for channels/signals based on the number of TCI states mapped to the received TCI codepoint in DCI format 1_1/1_2
FFS: How to switch between Rel-17 sTRP operation and Rel-18 mTRP operation


To address the FFS point in the conclusion, there needs to be a mechanism to switch between sTRP and mTRP. However, it is not clear what Rel-17 sTRP means. In our understanding, a simple rule can be used to determine whether the UE is expected to operate in sTRP-only mode or perform (dynamic) switching between sTRP and S-DCI mTRP. The contentious point is whether a so-called Rel-18 TCI activation MAC-CE can activate all TCI codepoints with a single joint/DL/UL/DL+UL TCI state as in legacy operation. In our view, this should not be restricted and a Rel-18 MAC-CE should be able to perform this activation as well. If ALL TCI codepoints in a MAC-CE indication are mapped to a single TCI state, then the UE may assume sTRP operation. Additionally, if at least one TCI codepoint is mapped to more than one TCI state, UE can assume Rel-18 mTRP/sTRP switching.
Proposal 1: [bookmark: _Hlk134711283]Rel-18 TCI activation MAC-CE may activate all TCI codepoints with a single joint/DL/UL/DL+UL TCI state and this would imply sTRP only operation with UE maintaining single “indicated” TCI state similar to Rel-17 UTCI framework
The following two alternatives were also discussed in the last meeting. 
	How to configure/determine that a CC is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP:
· Alt1: A CC is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP if a TCI state activation command (MAC-CE) that activates at least one TCI codepoint mapped with more than one join TCI states, more than one DL TCI states, or more than one UL TCI states is received and applied in the CC
· Alt2: A CC is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP if a Rel-18 TCI state activation command (MAC-CE) for S-DCI based MTRP operation (which is different from the TCI state activation command (MAC-CE) for Rel-17 unified TCI framework) is received and applied in the CC


From our perspective based on proposal 1, Alt-1 should suffice, and we should not tie the mode of UE operation to a particular type of MAC-CE reception which is a somewhat strange method to switch between sTRP-only vs mTRP/sTRP switching mode. 
Assuming a mode of operation guided by Proposal 1 and Alt-1, then for the case when UE is activated with at least one TCI codepoint mapped to more than one TCI state, for the assumption on what is the first set of “two indicated” TCI states that the UE assumes since the first agreement above is made under the assumption that the UE already has two indicated TCI states, the following two alternatives were discussed:
· Alt-A: UE always expects the first beam indication DCI to indicate a codepoint mapped to two joint/DL/UL TCI states which it then maintains as the two indicated TCI states
· Alt-B: A fixed rule is defined i.e., the lowest indexed codepoint mapped to two joint/DL/UL TCI states becomes the indicated TCI states and the UE maintains these till further beam indication.

Mandating the gNB to always indicate a TCI codepoint mapped to two TCI states as the first beam indication should not be required. Rather a default beam behaviour is a simpler method to ensure that by default, the UE always assumes two default indicated TCI states and then beam indication and update based on the agreement can ensure that the UE updates either one or both of the indicated TCI states based on the number of TCI states mapped to the codepoint. Therefore, we prefer Alt-B.
Proposal 2: For the first set of two indicated TCI states after TCI activation MAC-CE is received and applied, a fixed rule is defined i.e., the lowest indexed codepoint mapped to two joint/DL/UL TCI states becomes the indicated TCI states and the UE maintains these till further beam indication

Dynamic Switching between sTRP/mTRP schemes
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 3: 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 UE maintains two indicated TCI states. While the DCI field based TCI update has already been agreed, we need to further agree on the fact that the dynamic switching between mTRP schemes uses this field in conjunction with the #CDM groups.
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 4: If the new DCI indicator field is configured to be present by RRC for S-DCI based mTRP, dynamic switching between sTRP and mTRP and between mTRP schemes (as in Rel-16) can be supported based on the value of the indicator field and the number of CDM groups.
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 5: 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 6: 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 switching can follow Proposal 1 i.e., using MAC-CE.
Proposal 7: When the DCI indicator is not configured by RRC, dynamic switching (based on DCI indication) between mTRP/sTRP is not supported and a threshold for supporting two beams is not required. 
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
Single-DCI Multi-TRP
PDSCH reception when DCI Indicator field is not present
The following agreement was reached in RAN1#112 for PDSCH scheduled by DCI 1_1/1_2 for the case when DCI field is configured by RRC to be 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 10: 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.

PDSCH scheduled by DCI 1_0
The following alternatives were discussed in the last meeting:
	· Alt1: If the UE is configured with PDSCH-SFN/PDSCH-CJT, the UE shall apply both indicated joint/DL TCI states to PDSCH reception scheduled/activated by DCI format 1_0. Otherwise, the UE shall apply the first indicated joint/DL TCI state to PDSCH reception scheduled/activated by DCI format 1_0.
· Alt2: The UE shall apply the first indicated joint/DL TCI state to PDSCH reception scheduled/activated by DCI format 1_0.
· Alt3: Using RRC configuration to inform that the TCI selection for PDSCH reception scheduled/activated by DCI format 1_0
· Alt4: 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


For alternative 1, it is not clear how the configuration of PDSCH-SFN or CJT is done and differentiating UE behavior based on this configuration for a fallback DCI format seems to be complicated. Therefore, our preference is Alt-2 which is a simple rule to enable DCI 1_0. 
Proposal 11: The UE shall apply the first indicated joint/DL TCI state to PDSCH reception scheduled/activated by DCI format 1_0
PUSCH transmission 
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 12: 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 13: 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 14: For PDCCH repetition, the two CORESETs apply 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 15: 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.
Proposal 16: Support TRS transmission from up to 2 TRPs corresponding to two joint TCI states for CJT

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.
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: Rel-18 TCI activation MAC-CE may activate all TCI codepoints with a single joint/DL/UL/DL+UL TCI state and this would imply sTRP only operation with UE maintaining single “indicated” TCI state similar to Rel-17 UTCI framework
Proposal 2: For the first set of two indicated TCI states after TCI activation MAC-CE is received and applied, a fixed rule is defined i.e., the lowest indexed codepoint mapped to two joint/DL/UL TCI states becomes the indicated TCI states and the UE maintains these till further beam indication
Proposal 3: For S-DCI based PDSCH, dynamic switching between sTRP and different mTRP schemes as specified in Rel-17 should be supported
Proposal 4: If the new DCI indicator field is configured to be present by RRC for S-DCI based mTRP, dynamic switching between sTRP and mTRP and between mTRP schemes (as in Rel-16) can be supported based on the value of the indicator field and the number of CDM groups
Proposal 5: 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 6: Legacy UE capability for two default beams can be reused in Rel-18
Proposal 7: When the DCI indicator is not configured by RRC, dynamic switching (based on DCI indication) between mTRP/sTRP is not supported and a threshold for supporting two beams is not required
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: 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
Proposal 11: The UE shall apply the first indicated joint/DL TCI state to PDSCH reception scheduled/activated by DCI format 1_0
Proposal 12: 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 13: 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 14: For PDCCH repetition, the two CORESETs apply 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 15: 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 16: Support TRS transmission from up to 2 TRPs corresponding to two joint TCI states for CJT
Proposal 17: Allow implicit BFD-RS determination based on activated joint/DL TCI states for S-DCI based MTRP
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