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1	Introduction
During RAN#94e, a new WID for Rel-18 MIMO evolution for DL and UL was agreed. [1]. There are three objectives that are relevant for this AI:
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 precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· 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.
· 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.
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.

For completeness, the full objectives are included. The parts that are not applicable for this AI are written in italics.
In this contribution, we discuss how the unified TCI framework introduced in Rel-17 can be extended to fulfill the relevant part of these three objectives.
[bookmark: _Ref178064866]2	Discussion
A few years after the first deployment of NR, it is becoming clear that the TCI state framework in Rel-15 was unnecessarily flexible, which lead to a significant signalling overhead. For this reason, a new TCI framework was introduced in Rel-17, which provides optimized performance for the common cases. 
The Rel-17 TCI framework provides optimized support for the case where all UL and DL signals/channels are received/transmitted using the same beam, or TCI. It also provides optimized support for the case where all DL signals are received in one beam, and all UL signals are transmitted in one beam. 
Objective 2 in the Rel-18 WID states that the Rel-17 TCI framework should be extended to support indication of multiple DL and UL TCI states. The focus should be on multi-TRP, but the objective is not limited to multi-TRP: we should support unified solution that works also for single-TRP, unless it leads to complications.
On high level, we want to support:
single-DCI multi-TRP, where single-TRP operation is a special case.
multi-DCI multi-TRP
HST-SFN
STxMP: (Simultaneous multi-panel transmission)
It is desirable to design a solution that works for all the cases above. The TCI states for the five use cases should be conveyed in a similar way:
[bookmark: _Ref110868550][bookmark: _Toc118723254]The method to associate multiple TCI states with various transmissions should be the same for single-TRP and the various multi-TRP schemes.
In other words, we should not make any optimization, before we are reasonably convinced that we have a solution that would work for all cases. After all, pre-mature optimization is the root of all evil.
2.1	General framework for unified TCI extension
As explained above, in the Rel-17 TCI framework, the NW indicates either one joint DL/UL TCI state, or one DL TCI state and one UL TCI state. A channel/signal is then RRC configured to follow (or not to follow) the indicated TCI state(s). This configuration possibility exists for most channels, except for PDSCH and PUSCH, which always follow the indicated TCI state.
The underlying thought is that the indicated TCI state(s) provides one or two pipes, and a channel/signal can then be fed into this pipe. The TCI state update is separated from the individual channels, and the TCI state is signalled to the UE, rather than for a particular channel, which was the paradigm in Rel-15. 
For Rel-18, it is vital to stay with this principle: multiple TCI states are indicated to the UE, and the different channels/signals are then configured to follow one of the indicated TCI states:
[bookmark: _Ref101803855][bookmark: _Toc118723255]To support multiple UL and DL TCI states, the UE is indicated with several TCI states, and individual channels/signals are then mapped to the indicated TCI states.
This paradigm is illustrated in Figure 1.
[image: ]
[bookmark: _Ref102029854]Figure 1: The paradigm of unified TCI: a limited number of TCI states is provided to the UE. Different channels/signals are mapped into the provided TCI states.
In RAN1#110, the following was agreed:
Agreement
On unified TCI framework extension, for the target use cases agreed in RAN1#109-e in AI 9.1.1.1, up to 4 TCI states can be indicated in a CC/BWP or a set of CCs/BWPs in a CC list to DL receptions and/or UL transmissions, where these TCI states are indicated/updated by MAC-CE/DCI with the necessary MAC-CE based TCI state activation
· FFS: The possible combination(s) of joint/DL/UL TCI states that can be indicated to DL receptions and/or UL transmissions in a BWP/CC/TRP
· Note: This agreement does not imply that there will be more than 2 DL or UL or joint TCI states indicated in a CC/BWP for the target use cases agreed in RAN1#109-e in AI 9.1.1.1
· Note: The maximum number of TCI states that can be indicated to each of the target use cases agreed in RAN1#109-e in AI 9.1.1.1 is remained the same as in Rel-16/17
Note: The maximum number of TCI states that can be indicated simultaneously to CJT-based PDSCH reception and the required type(s) of TCI states (i.e., DL /UL/joint) are independently discussed in this AI

RAN1 thus agreed to support up to 4 indicated states to support relevant use cases. This includes single-DCI and multi-DCI multi-TRP operation. 
2.2	TCI state update and activation
In the Rel-17 TCI framework, the UE is provided with one joint TCI or a pair of separate DL and UL TCI states through a three-step procedure:
The UE is RRC configured with one (joint TCI) or two (separate TCI) set(s) of TCI states
MAC CE activates up to eight TCI states (joint TCI) or pairs of (separate TCI) states. Each joint TCI state or pair of separate TCI states is mapped to one DCI code point.
DCI is used to indicate either a single joint TCI state, or a pair of separate TCI states.
The third step is optional: if the activated TCI states only map to one DCI codepoint, there is no need for the DCI indication, and the UE could use the single joint TCI or pair of separate TCI states immediately after activation. The DCI indication uses the TCI field in DCI format 1_1 or 1_2. 
The RRC, MAC CE and DCI signalling is each associated with a different timeline.
In RAN1#109-e, the following was agreed:
Agreement
On unified TCI framework extension at least for single-DCI based MTRP, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate multiple joint/DL/UL TCI states in a CC/BWP or a set of CCs/BWPs in a CC list
· FFS: Detail of mapping joint/DL/UL TCI state ID(s) to a TCI codepoint, e.g., possible combinations of joint, DL, and/or UL TCI state IDs that can be mapped to a TCI codepoint
· FFS: Whether to increase the max number of MAC CE activated TCI codepoints, i.e., more than 8 codepoints
· FFS: Whether to increase the max number of TCI field bits, i.e., more than 3 bits
· Note: This doesn't imply that support of one additional TCI field or a field associating the TCI field to the TRP(s) is precluded
Note: The term TRP is used only for the purposes of discussions in RAN1 and whether/how to capture this is FFS

Hence, for single-DCI based MTRP, RAN1 agreed to support the third step, the DCI indication, while the first two steps are not agreed.
For Rel-18, we propose to keep the three-step procedure, using RRC+MAC CE+DCI, where the DCI step is optional, both for single-DCI based and multi-DCI based MTRP:
[bookmark: _Ref110868553][bookmark: _Toc118723256]Use the three-step procedure (RRC+MAC CE+DCI) for single-DCI and multi-DCI based MTRP operation.
During the discussions in RAN1#110bis-e, there was a discussion to introduce another DCI field which would operate on the indicated TCI states. This field would facilitate fast switching between sTRP and mTRP. 
There are a few pitfalls associated with the introduction of such a field:
For some design choices, we would duplicate the functionality of the beam indications, but only for PDSCH. This would destroy the common beam properties of the unified TCI framework
For some design choices, it will add another level of beam application time. This would complicate the specification text significantly: in the Rel-17 framework, RAN1 managed to avoid the complications related to timeDurationForQcl, which was a great achievement. 
It will require that we define default beams, which the UE would use in case the NW chooses not to configure the field.
If these pitfalls can be avoided, such an additional field could be considered. 
In Rel-16 multi-DCI multi-TRP, TCI states for PDSCH are activated per CORESETPoolIndex, as shown in Figure 2:


[bookmark: _Ref115169194]Figure 2: Activation/Deactivation for UE-specific PDSCH MAC CE [3].
A PDCCH configured with a certain CORESETPoolIndex will then indicate a TCI state from the set of TCI states activated for that CORESETPoolIndex. This effectively increases the number of available TCI states for PDSCH without increasing the DCI overhead. It also allows the TCI state signalling to operate independently across the TRPs. Since the TCI state for PDCCH is updated using MAC CE, it is also possible to update the TCI state for PDCCH of one TRP using signalling from the other TRP.
In RAN1#110bis-e, the following was agreed:
Agreement
On unified TCI framework extension for M-DCI based MTRP:
· The existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one coresetPoolIndex value can indicate the joint/DL/UL TCI state(s) specific to the same coresetPoolIndex value
· FFS: The UE shall apply the indicated joint/DL/UL TCI state(s) specific to a coresetPoolIndex value to channel(s)/signal(s) that have explicit or implicit association with the same coresetPoolIndex value
· A coresetPoolIndex value field is included in TCI state activation command (MAC-CE) to indicate that the mapping between the activated TCI state(s) and the TCI codepoint(s) is specific to which coresetPoolIndex value

Essentially, this brings the Rel-16 solution based on CORESETPoolIndex into the unified TCI state framework.
One important first remark is that it would be beneficial if the same procedure is used to indicate TCI states to the UE for single-DCI and multi-DCI mTRP operation:
[bookmark: _Toc118723249]It would be valuable if the same procedure could be used to indicate TCI states for single-DCI and multi-DCI based mTRP operation.
There is no concept of CORESETPoolIndex for single-DCI mTRP operation. Since the UE can operate with a single CORESET for single-DCI mTRP, it is not possible to include different values of CORESETPoolIndex in the PDCCH configuration. Using the MAC CE depicted in Figure 2 to provide the UE with two pools of TCI states is pointless, because the UE would not know which pool of activated TCI states to use. 
To align the TCI state indication scheme for single-DCI and multi-DCI mTRP, the CORESETPoolIndex must be conveyed in the PDCCH to the UE in another way than via the configuration of the CORESET. One way to do that is to include a new field in DCI:
[bookmark: _Ref115174721][bookmark: _Ref118104526][bookmark: _Toc118723257]Introduce a CORESETPoolIndex field in DCI to inform the UE which pool of activated TCI states it should use.
With Proposal 4, the MAC CE depicted in Figure 2 could be reused: the NW would activate two sets of TCI states, each one corresponding to a CORESETPoolIndex.:
[bookmark: _Ref118108894][bookmark: _Toc118723258]Reuse the MAC CE in Figure 2 also for single-DCI multi-TRP.
When receiving DCI, the UE would check the CORESETPoolIndex field in DCI to know which pool of activated TCI states to use. The procedure is depicted in Figure 3, where if CORESETPoolIndex 0 is indicated in DCI, the current TCI state TCI0,2 would be updated with TCI state TCI0,5.  Otherwise if CORESETPoolIndex 1 is indicated, the current TCI state TCI1,2 would be updated with TCI state TCI1,5.
With the addition of the CORESETPoolIndex field, we obtain the following benefits:
The handling of TCI state activation and indication is aligned for single-DCI and multi-DCI mTRP.
Additional degrees of freedom become available since more TCI states (and the combinations) can be activated. 
Although the first use case is that different TCI states are activated for different TRPs, this is not necessary: if we have separate UL/DL TCI states, DL TCI states can be associated with one CORESETPoolIndex, and UL TCI states with the other CORESETPoolIndex. Also, the additional field can be used to simply increase the number of activated TCI states.
[image: ]
[bookmark: _Ref115174046]Figure 3: A CORESETPoolindex field is introduced in DCI field. tells the UE which indicated TCI state should be updated. The DCI field also tells the UE from which subset it should take the TCI state. 
We note that with such a flag in DCI, we can mirror the multi-DCI multi-TRP functionality: the flag takes the role of the CORESETPoolIndex. The UE still maintains a set of up to 4 TCI states, and the activation and indication scheme makes it possible to update a subset of them. Hence, we propose
[bookmark: _Toc118723259]When CORESETPoolIndex is present in DCI, a subset of the indicated TCI states is updated.
For multi-DCI multi-TRP, the NW does not need to configure the CORESETPoolIndex field in DCI. However, the NW may choose to configure the CORESETPoolIndex field also for multi-DCI multi-TRP. This would facilitate cross-TRP TCI indication. Note that in this case, the CORESETPoolIndex DCI field overrides the value of the CORESETPoolIndex configured in the CORESET:
[bookmark: _Toc118723250]The CORESETPoolIndex DCI field facilitates cross-TRP TCI state update. 
Furthermore, we note that the CORESETPoolIndex DCI field can be used to increase the flexibility of the TCI state signaling. For example, some of the indicated TCI states can be associated with DL channels/signals, whereas the other TCI states can be associated with UL channels/signals. With this, the update for separate UL/DL TCI can be streamlined:
[bookmark: _Toc118723251]The CORESETPoolIndex DCI field can be used to streamline the update for separate UL/DL TCI. 
The underlying thought of the proposed scheme is that we can reuse the same association between signals/channels and indicated TCI states for single-DCI and multi-DCI. For multi-DCI, we (may) map the CORESETPoolIdx to a subset of indicated TCI states outside the channel association. In the association, only the indices of the indicated TCI states appear. With this, we work with the paradigm of the unified TCI framework depicted in Figure 1.
2.2.1	RRC configuration
To provide the UE with multiple TCI states, we do not see any motivation to extend the RRC IEs: the content seems fine. The RRC IEs related to unified TCI are depicted in Figure 4 [2].
[image: ]
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[bookmark: _Ref110349720]Figure 4: Definition of TCI states in Rel-17.
Hence, we propose
[bookmark: _Toc118723260]Reuse the RRC IEs TCI-State and TCI-UL-State-r17.
2.2.2	MAC CE activation
In Rel-17, MAC CE activates a set of TCI states. With the activation, each DCI codepoint is associated with one joint TCI state, one DL TCI state, one UL TCI state, or one DL and one UL TCI state. 
Based on Proposal 5, each MAC CE would activate TCI states corresponding to one CORESETPoolIndex, and the Rel-16 MAC CE would be reused:
[image: ]
[bookmark: _Ref115180487]Figure 5: Each MAC CE activates a pair of TCI states for one codepoint.
The Rel-17 limitation that no more than two TCI states can be mapped to one DCI codepoint is thus removed: up to four TCI states can be mapped to one DCI codepoint. However, each MAC CE only activates TCI states corresponding to one CORESETPoolIndex, and each MAC CE thus activates a set of TCI state pairs, just as in Rel-17:
[bookmark: _Ref110349822][bookmark: _Toc118723261]One MAC CE activates up to two TCI states for each DCI codepoint corresponding to one CORESETPoolIndex.
Note that the MAC CE activation per CORESETPoolIndex can be used even if the CORESETPoolIndex field is not introduced in DCI. 
2.2.3	DCI indication
With Proposal 4, the DCI indication method from Rel-17 is extended using the new CORESETPoolIndex field. This field indicates to the UE
Which of the indicated TCI states that should be updated
From which set of activated TCI states the new TCI states should be taken.
With the new field, it becomes possible to align the TCI state handling for single-DCI and multi-DCI, and at the same time increase the flexibility in the TCI state signaling. For example, by assigning the DL TCI states to one subset, and the UL TCI states to one subset, the DL and UL TCI states can be updated independently using DCI. Another example is that more pairs of TCI states can be activated. For example, using a single MAC to active TCI states for both TRPs, up to 8 pairs of DL or UL TCI states can be activated. While with per TRP activation, any activated TCI state in one TRP can be paired with another TCI state activated for the other TRP via DCI, thus, up to 64 pairs can be indicated by DCI.
We note that most PDCCH transmissions contain DL assignments. It is therefore important to be able to convey beam indication for multiple TCI states using a DCI that contains a DL assignment. Even if there is a motivation to extend the functionality of the DCI indications in Rel-18, it is important that the possibility to update the beam using DCI that contains a DL assignment remains.
2.3	How to map the indicated TCI state(s) to target channel(s)/signal(s)
In section 2.2, we described how the UE could be provided with multiple TCI states. Referring to Figure 1, this means that we described how we would provide the pipes, through which all the channels/signals are transmitted and received. In this section, we describe how to map each channel/signal into one of the pipes. 
In Rel-17, a CORESET can be explicitly configured to follow the indicated TCI. The corresponding RRC configuration is shown in Figure 6.
[image: ]
[bookmark: _Ref102036924]Figure 6: The CORESET IE. Note that the CORESET can be configured to follow the single indicated TCI state.
In Rel-17, the field followUnifiedTCIState-r17 determines if the CORESET should follow the (single) indicated TCI state. In Rel-18, the UE will be indicated with more than one TCI state, and the UE must somehow determine which of the indicated TCI states a certain CORESET should follow. One straightforward extension of the Rel-17 solution is to introduce a pointer that determines which of the indicated TCI states a certain channel should follow. If we assume that a UE can be indicated with two joint TCI states or two DL and two UL TCI states, this pointer can take the values 1 or 2: note that a DL channel can use either of the two joint/DL TCI states, and an UL channel could use either of the joint/UL TCI states. For example, if the value of the pointer is 2 the corresponding channel would follow the second indicated TCI state. Hence, we propose
[bookmark: _Ref110437874][bookmark: _Toc118723262]For each channel/signal, introduce a pointer that indicates which of the indicated TCI states the UE would use for the corresponding channel/signal.
In RAN1#110, RAN1 made the following agreement:
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)

Hence RAN1 has agreed to associate the PDCCH with indicated TCI states using an RRC parameter, with the values {‘first’, ‘second’, ‘both’, ‘none’}.
In RAN1#110bis-e, RAN1 made the following agreement on the association for PUSCH:
Agreement
On unified TCI framework extension for S-DCI based MTRP, down-select one alternative from the followings in RAN1#111 for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2:
· Alt1: Use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in the DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2
· Alt2: PUSCH transmission scheduled/activated by the DCI format 0_1/0_2 follows the spatial domain transmission filter(s) used for the SRS resource(s) indicated by the DCI format 0_1/0_2
· FFS : PL-RS(s), and UL PC parameter setting(s) (including P0, alpha, and closed loop index) for the PUSCH

As a PUSCH transmission derives some of its properties from an associated SRS configuration, it would be relevant to let the spatial properties of a PUSCH transmission be determined by the properties of the SRS. We do not see why we would signal the PUSCH beam indication separately as in Alt1. There are spatial properties associated with the SRS, and it would seem natural to use those: 
[bookmark: _Ref115183188][bookmark: _Toc118723263]A PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 follows the spatial domain transmission filter(s) used for the SRS resource(s) indicated by the DCI format 0_1/0_2 
Hence, we prefer Alt2 in the agreement. We also note that for CG Type 1, only Alt2 will work, since there is no scheduling DCI available:
[bookmark: _Toc118723252]For CG Type 1, Alt1 will not work since there is no relevant scheduling DCI. 
For Alt2, there is an FFS related to power control. The paradigm used in the unified TCI framework is that the power control parameters are derived from the indicated TCI state, separately for PUCCH, PUSCH and SRS. This can be applied also in this case: the PL-RS is derived from the TCI state of the SRS – remember that the PL-RS is the same for all transmissions that rely on the same TCI state. The power control parameters are derived from p0AlphaSetforPUSCH-r17 of that TCI state:
[bookmark: _Toc118723264]The power control parameters for a PUSCH transmission are derived from the TCI state of the SRS resource indicated by DCI format 0_1/0_2.
The solution works also for the PUSCH repetition scheme specified in Rel-17, since each repetition is scheduled by different SRI/TPMI.
In RAN1#110bis-e, the following was agreed
Agreement
For SDM scheme of single-DCI based STxMP PUSCH 
· Configure two SRS resource sets for CB or NCB . 
· FFS: These two SRS resource sets can have different number of SRS resources for codebook -based or non-codebook based.
· For codebook -based PUSCH , DCI indicates two TPMI fields, and each TPMI field separately indicates the precoding information and the number of layers conveyed over the SRS ports of the indicated SRS resource in each SRS resource set. 
· For non-codebook based PUSCH and codebook-based PUSCH, DCI indicates two SRI fields and each field indicates SRS resource(s) for each SRS resource set separately. 
· FFS: For codebook-based PUSCH, the two SRS resources indicated by the two SRI fields can have different number of SRS ports

Hence, the STxMP PUSCH is scheduled using two TPMIs/SRIs, each indexing one SRS resource in one out of two SRS resource sets. Relying on the spatial properties of the two (different) SRS resources works directly.
Proposal 10 moves the problem to the SRS: how is the SRS associated with an indicated TCI state? Here, we would again apply Proposal 9, but the question is on what level. One option would be to introduce the pointer in the SRS resource. This would provide the highest flexibility and would allow switching TCI state for PUSCH transmission outside the unified TCI framework. In other words, we would have another level of beam switching for PUSCH, which we think should be avoided. Hence, it would be sufficient, and more resource efficient, to introduce the pointer on SRS resource set level:
[bookmark: _Toc118723265]RRC configuration is used to define the mapping/association between an indicated joint/UL TCI state and an SRS resource set.
In RAN1#110bis-e, RAN1 made the following agreement on the association for PUCCH:
Agreement
On unified TCI framework extension for S-DCI based MTRP, down-select one alternative from the followings in RAN1#111 for PUCCH transmission:
· Alt1: Use RRC configuration to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/ group
· Alt2: Use RRC configuration to inform the association between a CORESET group and a PUCCH resource/group, and the indicated joint/UL TCI state(s) associated with the CORESET group applies to the PUCCH resource/group associated with the same CORESET group
· Alt3: Use MAC-CE to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group
· Note: the association indicates whether the UE shall apply the first one, the second one, or both of the joint/UL TCI states indicated by DCI/MAC-CE to a PUCCH resource/group

Reusing the principle stated in Proposal 9, we advocate the use of RRC configuration to define the association between a TCI state and PUCCH, i.e., Alt1:
[bookmark: _Ref115183018][bookmark: _Toc118723266]RRC configuration is used to define the mapping/association between indicated joint/UL TCI state(s) and a PUCCH resource.
Note that we can associate one PUCCH resource with more than one indicated TCI state. This is necessary to support PUCCH repetition, and also PUCCH transmission for STxMP.
We note that Proposal 13 is applicable to both single-DCI based and multi-DCI based mTRP operation, as well as to sTRP operation.
The TCI state indication for PDSCH must support the following functionalities:
NC-JT with or without PDCCH repetition
PDCCH repetition with single-TRP transmission for PDSCH
HST-SFN, with one or two TCI states for PDSCH
PUCCH/PUSCH transmission
We realize that the maximum number of indicated TCI states for PDSCH differs for the different configurations; sometimes it is both indicated TCI states, and sometimes one of them.  It would then make sense to reuse the agreed RRC configuration agreed for PDCCH to distinguish between the configurations:
[bookmark: _Ref110854682][bookmark: _Toc118723267]For single DCI based mTRP operation, use RRC configuration to inform that the UE shall apply the first one, the second one or both joint/DL TCI states indicated by DCI/MAC-CE for PDSCH reception.
The suitable values would be
NC-JT with or without PDCCH repetition (‘both’)
PDCCH repetition with single-TRP transmission for PDSCH (‘first’ or ‘second’)
HST-SFN, with one or two TCI states for PDSCH (‘first’, ‘second’, ‘both’)
PUCCH/PUSCH transmission (‘first’ or ‘second’)
For NC-JT, the first indicated TCI state would be associated with the first DMRS CDM group, and the second TCI state would be associated with the second DMRS CDM group, similar to Rel-16.
Finally, we also need to consider CSI-RS. For the Rel-17 TCI framework, the UE would use the indicated TCI state for aperiodic CSI-RS transmissions unless TCI states are configured in the CSI-AssociatedReportConfigInfo. For CSI-RS, it would be appropriate to introduce the pointer in the CSI-AssociatedReportConfigInfo: 
[bookmark: _Toc118723268]RRC configuration is used to define the mapping/association between a configured or indicated joint/DL TCI state and an CSI-AssociatedReportConfigInfo.
The proposed associations are summarized in Table 1.
	Channel
	Solution

	PDCCH
	{first, second, both, none}

	PDSCH
	{first, second, both}

	PUCCH
	{first, second, both} in PUCCH resource

	PUSCH
	Via SRS

	SRS
	{first, second, both} in SRS resource set

	CSI-RS
	{first, second} in CSI-AssociatedReportConfigInfo



[bookmark: _Ref110857745]Table 1: Summary of RRC configured association between channels/signals and indicated TCI states.
2.4	UL PC for UL MTRP
In RAN1#109-e, RAN1 made the following agreement:
Agreement
On unified TCI framework extension, if an indicated joint or UL TCI state applies to a PUSCH /PUCCH transmission occasion at least for S-DCI based PUSCH/PUCCH repetition with TDM and the indicated joint or UL TCI state is associated with an UL PC parameter setting for PUSCH /PUCCH (including P0, alpha for PUSCH , and closed loop index) and a PL-RS, the UE should apply the UL PC parameter setting and the PL-RS for the PUSCH /PUCCH transmission occasion.
· FFS: How to extend to other Rel-18 MTRP scheme(s) with STxMP, if supported 
· FFS: UL PC enhancement for CB and non-CB SRS in above case
FFS: The applied UL PC parameter setting if one or both indicated joint or UL TCI state(s) is not associated with an UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) for PUCCH/PUSCH 

The agreement contains three FFSs. The first FFS mentions other Rel-18 MTRP scheme(s) with STxMP. In our understanding, the PC framework introduced in Rel-17 can be used as is also for STxMP. The discussion on PCmax may have an impact on maximum transmit power per panel and the power headroom report (PHR), but the agreement is related to the power control parameters. Furthermore, we do not see why any enhancement for CB and non-CB SRS would be needed.
[bookmark: _Hlk110867062]The third FFS discusses the default behaviour when one or both indicated joint, or UL TCI state(s) is not associated with an UL PC parameter setting. The Rel-17 framework does provide the possibility to operate without associating PC parameters with the TCI state, in which case, the field ul-powerControl-r17 is absent from the UL or joint TCI state. When the field ul-powerControl-r17 is absent from the TCI state configuration, the UE applies the PC parameters defined in BWP-UplinkDedicated. 
This would mean that if there are no PC parameters associated with any TCI state, then the UE would rely on the PC parameters defined in BWP-UplinkDedicated for both TRPs:
[image: ]
Figure 7: The contents of the RRC IE P0AlpaSet-r17.
To us, reusing these parameters for both TRPs seems like a reasonable default, and we do not see any need to optimize the default (!), especially considering how efficiently RAN2 has implemented this in RRC: to associate PC parameters with a TCI state, the only thing that needs to be included in the TCI state is an ID. Hence, we propose: 
[bookmark: _Toc118723269]Do not introduce any new behaviour when one or both indicated joint, or UL TCI state(s) is not associated with an UL PC parameter setting.
2.5	BFR
In RAN1#110e-bis, the following agreement was reached on BFR.
Agreement
On unified TCI framework extension, study the following enhancements for TRP-specific BFR:
· Implicit BFD-RS determination based on the indicated joint/DL TCI states for S-DCI based MTRP
· Enhancement to beam update after NW response to TRP-specific BFR request

The topic of whether TRP specific BFR for s-DCI mTRP should be supported was extensively discussed in Rel-17, including the possibility of supporting implicit per TRP BFD-RS.  However, implicit BFD-RS determination for S-DCI mTRP was not supported in Rel-17 in the end, although implicit BFD-RS determination for M-DCI mTRP was.  
Beam failure should be declared once the UE cannot reliably demodulate PDCCH. The RAN4 requirements also indicate that: the tests have been designed around the performance of a hypothetical PDCCH. The implicit rules for determination of the BFD RS have also been designed under this assumption: the BFD RS has been determined as the RS that serves as a QCL source for PDCCH:
[bookmark: _Toc118723253]Beam failure is declared when the UE cannot reliably demodulate the PDCCH.
We note that the same rule applies for RLM.
For the extension of the unified TCI state framework to mTRP operation, it has been agreed that up to two TCI states can be indicated, and that is RRC configured which TCI states the UE applies. Since this indication informs the UE of how the PDCCH is received by the UE, it would make sense to follow that indication also for determining the BFD RSs:
[bookmark: _Toc118723270]For single-DCI mTRP, the BFD RSs are determined by the indicated DL TCI states in combination with the RRC configured indication {first, second, both, none}. 
Note that we maintain the principle that the UE monitors RSs that are related to the PDCCH reception. For example, for single-DCI NC-JT, the UE would monitor RSs that are used to receive PDCCH, while RSs that are only used to receive PDSCH would not be monitored. 
We do not see any need to enhance the beam update after NW response to TRP-specific BFR request.
[bookmark: _Hlk61857909]Conclusion
In the previous sections we made the following observations: 
Observation 1	It would be valuable if the same procedure could be used to indicate TCI states for single-DCI and multi-DCI based mTRP operation.
Observation 2	The CORESETPoolIndex DCI field facilitates cross-TRP TCI state update.
Observation 3	The CORESETPoolIndex DCI field can be used to streamline the update for separate UL/DL TCI.
Observation 4	For CG Type 1, Alt1 will not work since there is no relevant scheduling DCI.
Observation 5	Beam failure is declared when the UE cannot reliably demodulate the PDCCH.
Based on the discussion in the previous sections we propose the following:
Proposal 1	The method to associate multiple TCI states with various transmissions should be the same for single-TRP and the various multi-TRP schemes.
Proposal 2	To support multiple UL and DL TCI states, the UE is indicated with several TCI states, and individual channels/signals are then mapped to the indicated TCI states.
Proposal 3	Use the three-step procedure (RRC+MAC CE+DCI) for single-DCI and multi-DCI based MTRP operation.
Proposal 4	Introduce a CORESETPoolIndex field in DCI to inform the UE which pool of activated TCI states it should use.
Proposal 5	Reuse the MAC CE in Figure 2 also for single-DCI multi-TRP.
Proposal 6	When CORESETPoolIndex is present in DCI, a subset of the indicated TCI states is updated.
Proposal 7	Reuse the RRC IEs TCI-State and TCI-UL-State-r17.
Proposal 8	One MAC CE activates up to two TCI states for each DCI codepoint corresponding to one CORESETPoolIndex.
Proposal 9	For each channel/signal, introduce a pointer that indicates which of the indicated TCI states the UE would use for the corresponding channel/signal.
Proposal 10	A PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 follows the spatial domain transmission filter(s) used for the SRS resource(s) indicated by the DCI format 0_1/0_2
Proposal 11	The power control parameters for a PUSCH transmission are derived from the TCI state of the SRS resource indicated by DCI format 0_1/0_2.
Proposal 12	RRC configuration is used to define the mapping/association between an indicated joint/UL TCI state and an SRS resource set.
Proposal 13	RRC configuration is used to define the mapping/association between indicated joint/UL TCI state(s) and a PUCCH resource.
Proposal 14	For single DCI based mTRP operation, use RRC configuration to inform that the UE shall apply the first one, the second one or both joint/DL TCI states indicated by DCI/MAC-CE for PDSCH reception.
Proposal 15	RRC configuration is used to define the mapping/association between a configured or indicated joint/DL TCI state and an CSI-AssociatedReportConfigInfo.
Proposal 16	Do not introduce any new behaviour when one or both indicated joint, or UL TCI state(s) is not associated with an UL PC parameter setting.
Proposal 17	For single-DCI mTRP, the BFD RSs are determined by the indicated DL TCI states in combination with the RRC configured indication {first, second, both, none}.
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TCI - State ::=                        SEQUENCE   {        tci - StateId                           TCI - StateId,        qcl - Type1                           QCL - Info,        qcl - Type2                           QCL - Info                                                            ... ,        [[        additionalPCI - r17                   AdditionalPCIIndex - r17                                              pathlossReferenceRS - Id - r17          PUSCH - PathlossReferenceRS - Id                                        u l - powerControl - r17                 Uplink - powerControlId - r17                                             ]]     }  


image5.emf
TCI - UL - State - r17 ::=              SEQUENCE   {        tci - UL - State - Id - r17              TCI - UL - State - Id - r17,        servingCellId - r17                ServCellIndex                                                 bwp - Id - r17                       BWP - Id                                                        referenceSignal - r17               CHOICE   {            ssb - Index - r17                    SSB - Index,            csi - RS - Index - r17                 NZP - CSI - RS - ResourceId,            srs - r17                          SRS - ResourceId        },         additionalPCI - r17                AdditionalPCIIndex - r17                                        ul - powerControl - r17              Uplink - powerControlId - r17                                     pathlossReferenceRS - Id - r17         PUSCH - PathlossReferenceRS - Id - r17                              ...          }  
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ControlResourc eSet ::=             SEQUENCE   {        controlResourceSetId               ControlResourceSetId,        frequencyDomainResources            BIT   STRING   ( SIZE   (45)),        duration                            INTEGER   (1..maxCoReSetDuration),        cce - REG - MappingType                  CHOICE   {            interleaved                         SEQUENCE   {                reg - BundleSize                     ENUMERATED   {n2, n3, n6},                interleaverSize                    ENUMERATED   {n2, n3, n6},                shiftIndex                         INTEGER (0..maxNrofPhysicalResourceBlocks - 1)                   },            nonInterleaved                     NULL        },        precoderGranularity                ENUMERATED   {sameAsREG - bundle, allContiguousRBs},        tci - StatesPDCCH - ToAddList          SEQUENCE ( SIZE   (1..maxNrofTCI - StatesPDCCH))   OF   TCI - StateId         tci - StatesPDCCH - ToReleaseList     SEQUENCE ( SIZE   (1..maxNrofTCI - StatesPDCCH))   OF   TCI - StateId         tci - PresentInDCI                        ENUMERATED   {enabled}                                          pdcch - DMRS - ScramblingID                 INTEGER   (0..65535)                                            ...,        [[        rb - Offset - r16                       INTEGER   (0..5)                                                    tci - PresentDCI - 1 - 2 - r16             INTEGER   (1..3)                                                     coresetPoolIndex - r16                INTEGER   (0..1)                                                    controlResourceSetId - v1610         ControlResourceSetId - v1610                                         ]] ,        [[        followUnifiedTCIstate - r17          ENUMERATED   {enabled}                                               ]]   }  
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P0AlphaSet - r17 ::=            SEQUENCE   {        p0 - r17                        INTEGER   ( - 16 ..15)                                                                    alpha - r17                    Alpha                                                                                closedLoopIndex - r17           ENUMERAT ED   { i0, i1 }   }  


