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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. In addition, Rel-17 specified support for inter-cell beam management, to remove the artificial restriction that all the reference signals that are used as QCL references or as measurement targets for L1 measurements must be associated with the PCI of the serving cell.
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. With these limitations, it becomes impossible to support multi-TRP reception. It also becomes impossible to support different TCI states for PDCCH and PDSCH for the single-TRP case. 
To remove these limitations, 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.
In RAN1#109-e, RAN1 agreed
Agreement
On unified TCI framework extension, consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17
· Consider, if STxMP is supported, Rel-18 MTRP scheme(s) with STxMP 

On high level, we want to support:
single-DCI multi-TRP, where single-TRP operation is a special case.
multi-DCI multi-TRP
single-TRP/multi-TRP 
HST-SFN
STxMP: (Simultaneous multi-panel transmission)
Note that the unified TCI may need to support STxMP. Thus, RAN1 cannot at this point in time, introduce solutions that will not support STxMP.
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: _Toc111220903]The method to associate multiple TCI states with various transmissions should be the same for single-TRP and the various multi-TRP schemes.
This means that a solution that is optimized for one of the solutions above should not be pursued until there is one solution that works for all the cases. As a particular example, the solution cannot be based on the CORESET pool index since that cannot be used for all the cases above. 
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 the one of the indicated TCI states:
[bookmark: _Ref101803855][bookmark: _Toc111220904]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.
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[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 objective 2, it is stated that we will support multiple DL and UL TCI states. However, it is not stated how many should be supported. At first glance, it may seem appropriate to support in total two TCI states. For the multi-TRP cases, each of these two TCI states would map to one TRP. In the single-TRP case, the two TCI states could potentially be used for two channels/signals, e.g., one for PDCCH/PUCCH and one for PDSCH/PUSCH. However, it would not be possible to support both channel and TRP separation at the same time. In our understanding, it could seem better to aim to support more than two TCI states in Rel-18, to allow for a little more flexibility. A reasonable starting point is to support up to four TCI states:
[bookmark: _Ref102034394][bookmark: _Toc111220905]Support up to four indicated TCI states in Rel-18.  
One of the objectives in Rel-18 is to specify enhancements of CSI acquisition for Coherent-JT (CJT) targeting FR1 and up to 4 TRPs. The relation between CJT and the unified TCI framework was discussed at length during RAN1#109-e, since 4 TCI states may be needed to support up to 4 TRPs. We note that with Proposal 3, such support will be possible. 
Another point to note is that in Rel-17, the TCI field changes the indicated TCI state, and this occurs after the beam application time. In previous releases, the TCI field in DCI only applied to the scheduled PDSCH. 
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. In the normal solution, a DL assignment can be included in the same PDCCH where the beam indication is transmitted. There is also a solution where no DL assignment is included in the PDCCH. This mechanism relies on a reinterpretation of DCI fields in combination with a special RNTI. The motivation for the functionality is unclear. Irrespective of which flavour is used, the same TCI field is used, and the same DCI codepoint mapping is used. 
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: _Toc111220906]Use the three-step procedure (RRC+MAC CE+DCI) for single-DCI and multi-DCI based MTRP operation.
The extensions outlined in Proposal 1 – Proposal 4 will provide the UE with up to four individual TCI states. In a sense, it is a minimal extension of the sTRP scheme designed in Rel-17 since no additional concept or signalling mechanism is introduced. It is also quite flexible since no restriction is introduced by the signaling. 
In RAN1#109-e, the following was agreed:
Agreement
On unified TCI framework extension for M-DCI based MTRP, consider the following alternatives for TCI state update:
· Alt1: Reuse the same TCI state update scheme for S-DCI based MTRP
· Atl2: Use the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values to indicate the joint/DL/UL TCI state(s) corresponding to the same CORESETPoolIndex value
· Alt3: Use the existing TCI field in any DCI format 1_1/1_2 (with or without DL assignment) to indicate all joint/DL/UL TCI states corresponding to both CORESETPoolIndex values
· Study the association between the indicated joint/DL/UL TCI state(s) and a CORESETPoolIndex value
· Alt4: Use the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values to indicate joint/DL/UL TCI state(s) corresponding to the same or different CORESETPoolIndex value.
· Study whether the indicated joint/DL/UL TCI state(s) applies to the channels/signals associated with the same CORESETPoolIndex value or different CORESETPoolIndex value is indicated by DCI

One important first remark is it would be beneficial if the same procedure is used to indicate TCI states of individual channels to the UE for single-DCI and multi-DCI mTRP operation:
[bookmark: _Toc111220892]It would be valuable if the same procedure could be used to indicate TCI states for single-DCI and multi-DCI based mTRP operation.
Some optimizations for the multi-DCI scheme can be considered, but we should avoid designing a separate scheme. 
Looking at the four alternatives listed above, it appears that Alt1 and Alt3 are very similar: in Alt3, all joint/DL/UL TCI states corresponding to both CORESETPoolIndex values are updated using the same DCI, which is the same solution as for single-DCI:
[bookmark: _Toc111220893]The TCI state update procedure of Alt3 is very similar to the single-DCI procedure.
When Alt1 or Alt3 is used for mDCI operation, all TCI states can be indicated over either PDCCH. This has the advantage that if the link between one TRP and the UE is lost, the TCI state(s) of that link can be updated using signaling from the other TRP.
Since the same information can be carried over the two DCIs, there is a risk that conflicting information is carried over the two PDCCHs. One way to avoid sending conflicting information over the two DCIs is to coordinate the information transmitted over the two DCIs. It may also be possible to map the TCI states to DCI codepoints in a clever way to avoid conflicts:
[bookmark: _Toc111220894]To ensure that the two TRPs and the UE have the same understanding of the indicated TCI states, coordination between the TRPs or smart mapping of TCI states to DCI codepoints can be used.
At first glance, coordination between TRPs may seem unattractive, since the main motivation for multi-DCI based operation is “non-ideal backhaul”, with independent schedulers. However, since the segmentation performed in RLC is still centralized, based on input from both schedulers, the schedulers are not independent:
[bookmark: _Ref110871374][bookmark: _Toc111220895]Since RLC is centralized in multi-DCI mTRP operation, and the segmentation is performed in RLC, dynamic coordination between the TRPs is still required.  
We note that in Alt3, there is a study bullet on how to associate indicated TCI states and CORESETPoolIndex values. It is not clear to us that such association is needed. In fact, the association scheme described in section 2.3 is applicable both to single-DCI and multi-DCI operation:
[bookmark: _Toc111220896]Association between indicated TCI states and CORESETPoolIndex is not needed.
Looking at the other alternatives in the agreement, Alt2 is a straightforward extension to the mDCI scheme specified in Rel-16. A TCI indication would only apply to the CORESETPoolIndex where the DCI indication is sent. It would make sense then to also activate TCI states per CORESETPoolIndex as in Rel-16. However, this approach has the disadvantage that it is readily applied only to CORESETs – it will become difficult to map other channels to the indicated TCI states:
[bookmark: _Toc111220897]With Alt2, it becomes difficult map other channels than PDCCH to indicated TCI states.
Including CORESETPoolIndex in, e.g., a CSI-RS resource would be a non-intuitive solution.
Of course, with Alt2, the single-DCI and multi-DCI solutions become completely different:
[bookmark: _Toc111220898]Alt2 would result in a multi-DCI solution that is completely different from the single-DCI solution.
We do not see any benefit of Alt4: conceptually, the same operation could be achieved by Alt2 if the number of TCI codepoints was increased. 
Based on the above discussion, we propose
[bookmark: _Toc111220907]Reuse the same TCI state update scheme for S-DCI based MTRP as a starting point.
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 2 [2].
[image: ]
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[bookmark: _Ref110349720]Figure 2: Definition of TCI states in Rel-17.
A TCI state may be implicitly associated with a TRP, since different RSs are transmitted from different TRPs. However, there is no reason to make this connection explicit, by introducing some sort of TRP identifier in the TCI state, since that would only restrict how the NW would configure the TCI states:
[bookmark: _Toc111220908]Do not introduce an explicit TRP identifier in a TCI state.
In Rel-17, all the TCI states are defined in the PDSCH-Config, and any TCI state from that list of TCI states can be used for any channel/signal. Again, in order not to limit the NW flexibility, a single list should be used also in Rel-18:
[bookmark: _Toc111220909]All the joint TCI states are in one list, and all the UL TCI states are in one list.
In Rel-17, the maximum number of joint TCI states is 128, and the maximum number of UL TCI states is 64. If needed, it can be considered to increase these numbers.
[bookmark: _Toc111220910]Further consider if the maximum number of joint or UL TCI states needs to be increased.
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. 
The Rel-17 limitation that no more than two TCI states can be mapped to one DCI codepoint can be removed. In principle, any number of TCI states can be considered, but the MAC CE overhead and complexity increase with increasing number of TCI states that are mapped to each DCI codepoint. As already stated in Proposal 3, we believe that it should be possible to indicate the UE with four TCI states, and to support operation without DCI indication, all TCI states must be mapped to one code point. Also, since each TCI state may describe DL and/or UL channel properties, there can be no restriction of the type of each TCI state: each TCI state may be a joint, a DL or an UL TCI state. Hence, we propose 
[bookmark: _Ref110349822][bookmark: _Toc111220911]Up to four TCI states can be mapped to each DCI codepoint, and these four TCI states may be of different types.
2.2.3	DCI indication
With Proposal 9, the Rel-17 DCI indication methods can be used as is. DCI will be used to indicate one of the n-tuples of TCI states that have been activated by MAC CE. 
[bookmark: _Toc111220899]With the MAC CE design described in section 2.2.2, the Rel-17 DCI indication methods can be used as is.
We note that DCI can only be used to select among the n-tuples that have been activated, and that this number may be too small. If increased flexibility is desired, we can consider increasing the number of bits in the TCI field:
[bookmark: _Toc111220912]Further consider if the number of bits in the TCI field needs to be increased. 
As an alternative solution to increase the number of bits in the TCI field, additional TCI fields could be introduced, where different MAC CEs would be used to activate a set of TCI states for each TCI field. However, fundamentally such a solution would result in higher DCI overhead and/or reduced flexibility, compared to the solution where MAC CE can map any combination of TCI states to any DCI codepoint:
[bookmark: _Toc111220900]Multiple TCI fields leads to higher overhead and/or reduced flexibility compared to one longer TCI field.
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 3.
[image: ]
[bookmark: _Ref102036924]Figure 3: 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 four TCI states (as proposed in Proposal 3), this pointer can take the values 1, 2, 3, or 4. 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: _Toc111220913]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#109-e, RAN1 made the following agreement:
Agreement
On unified TCI framework extension for S-DCI based MTRP, consider at least the following alternatives to map/associate a joint/DL TCI state to PDCCH reception(s)
· Atl1: Use RRC configuration to inform the mapping/association between a configured or indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt2: Use RRC configuration to inform the mapping/association between a configured or indicated joint/DL TCI state and a search space set
· Alt3: Use MAC-CE to inform the mapping/association between an activated or indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt4: Use DCI to inform the mapping/association between an indicated joint/DL TCI state and a CORESET or a CORESET group
· Alt5: Based on a fixed mapping/association rule, e.g., the first indicated joint/DL TCI state always applies to PDCCH receptions
Consider above alternatives for PDCCH repetition, PDCCH-SFN, PDCCH w/o repetition/SFN, and potential support of dynamic switching between S-TRP and M-TRP for PDCCH. It is not precluded to adopt one single alternative or multiple alternatives to support these cases.

If we apply Proposal 11 to this agreement, we see that alternative 1 and 2 could both be applicable. Alt1 is a direct extension of the Rel-17 solution: the field followUnifiedTCIState-r17 is simply replaced by a field that describes which of the indicated TCI states the CORESET would follow. On the other hand, there seems to be little point in introducing a CORESET group.
During the latter part of Rel-17, there was a long debate on where to introduce the flag followUnifiedTCIState-r17.  In the end, unified TCI was enabled on a CORESET basis, as depicted in Figure 3. This decision was made somewhat prematurely and resulted in a very complicated discussion about CORESET A, B and C, which no one anticipated. This mistake should be avoided for the Rel-18 extension. Therefore, we prefer to introduce this mapping/association in the search space:
[bookmark: _Ref110851889][bookmark: _Toc111220914]RRC configuration is used to define the mapping/association between a configured or indicated joint/DL TCI state and a search space set.
The other alternatives in the agreement describe other ways to define the mapping between an indicated TCI state and CORESET. Here we do not see why we would need to use MAC CE or DCI to change the mapping. Again, referring to Figure 1, MAC CE and DCI is used to change the pipes, and that provides the necessary update speed. 
Alt5 would unnecessarily limit the flexibility of the mapping of TCI states.
Note that Proposal 12 works both for single-DCI based and multi-DCI based mTRP operation, as well as for sTRP operation. In section 2.5.2, we discuss the HST-SFN scheme specified in Rel-17, in which case we would actually need to configure two pointers also for the PDCCH.
For the single-DCI based mTRP operation specified in Rel-16, a UE is indicated with two TCI states by a TCI codepoint in DCI to support PDSCH transmission from two TRPs with a subset of the layers from one TRP and the remaining layers from the other TRP. Each of the two TCI states is associated to a DMRS CDM group indicated in the DCI. This scheme can be easily extended to the Rel-17 TCI paradigm by introducing two pointers in the PDSCH configuration. Just as for PDCCH, each pointer points to one of the indicated TCI states: hence, the PDSCH is associated with two TCI states. Hence, we propose
[bookmark: _Ref110854682][bookmark: _Toc111220915]For single DCI based mTRP operation, the PDSCH configuration can contain two pointers to two indicated TCI states, where each TCI state is associated with one DMRS CDM group indicated by the antenna port field in DCI.
Note that the two indicated TCI states do not have to be different, they can be the same. If both indicated TCI states are the same, sTRP operation is achieved. 
For PUCCH, the pointer can be introduced in the PUCCH resource:
[bookmark: _Ref110853211][bookmark: _Toc111220916]RRC configuration is used to define the mapping/association between a configured or indicated joint/UL TCI state and a PUCCH resource.
We note that Proposal 14 is applicable both to single-DCI based and multi-DCI based mTRP operation, as well as to sTRP operation.
As a PUSCH transmission derives some of its properties from an associated SRS configuration, it would be easier to introduce the pointer in the SRS, rather than directly in the PUSCH. As long as all layers of a PUSCH transmission scheduled by one SRI use the same TCI state, it is enough to introduce a single pointer in the SRS.
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: _Toc111220917]RRC configuration is used to define the mapping/association between a configured or indicated joint/UL TCI state and an SRS resource set.
This indication would apply to PUSCH transmissions, as well as to SRS transmissions.
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: _Toc111220918]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
	Single (two for HST-SFN) pointer in search space set

	PDSCH
	Multiple pointers in PDSCH configuration

	PUCCH
	Single pointer in PUCCH resource

	PUSCH
	Via SRS

	SRS
	Single pointer in SRS resource set

	CSI-RS
	Single pointer 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 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. There seems to be no motivation to extend or modify this default behaviour: 
[bookmark: _Toc111220919]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	Supporting the multi-TRP schemes in Rel-16/17
In this section, we will briefly discuss how the various multi-TRP schemes specified in Rel-16/17 can be supported using the extensions of the unified TCI framework discussed in the previous sections. 
2.5.1	Rel-16: NC-JT and PDSCH repetition
Both single DCI and multi-DCI based multi-TRP PDSCH schemes were introduced in Rel-16. Single DCI based multi-TRP PDSCH schemes include NC-JT and various PDSCH repetition schemes over two TRPs. For single DCI based NC-JT, a UE is indicated with two TCI states by a TCI codepoint in DCI to support PDSCH transmission from two TRPs with a subset of the layers from one TRP and the remaining layers from the other TRP. Each of the two TCI states is associated to a DMRS CDM group indicated in the DCI. NC-JT and single TRP based PDSCH transmissions can be dynamically switched based on whether a single TCI state or two TCI states are indicated in a DCI format scheduling a PDSCH.
For multi-DCI based NC-JT, two PDSCHs can be scheduled simultaneously with two PDCCHs and the two PDSCHs can be fully, partially, or non-overlapping. To handle the HARQ feedback, the CORESET pool concept was introduced. Each CORESET is associated with one of two CORESET pools, and the feedback for any received PDSCH that are associated with the same CORESET pool will feed back their HARQ A/N in the same PUCCH. Subsequently, it was decided to also activate TCI states for PDSCH per CORESET pool.  Only one TCI state can be indicated in a DCI scheduling a PDSCH.  For PDSCH scheduled by a PDCCH in one of the two CORESET pools, only TCI states activated for the CORESET pool can be indicated.
For multi-TRP PDSCH repetitions, two FDM schemes, FDM scheme A and FDM Scheme B, and two TDM schemes, TDM Scheme A and TDM scheme B, are supported.  For all four repetition schemes, two TCI states are indicated in DCI and DMRS in one CDM group is indicated in the same DCI.  Only one of the schemes can be RRC configured at a given time.   The configured multi-TRP repetition scheme, NC-JT, and single TRP based PDSCH transmissions can be dynamically switched based on whether a single TCI state or two TCI states, and whether DMRS in a single CDM group or two CDM groups are indicated in a DCI format scheduling a PDSCH. 
To support NC-JT using the extension to the unified TCI framework, two pointers would be introduced in the PDSCH config. The first pointer would point to the first CDM group, and the second pointer would point to second CDM group. For PDCCH, one pointer is introduced for each search space set used to schedule PDSCH. For PUCCH, one pointer would be introduced in each PUCCH resource.
To support PDSCH repetition using the extensions of the unified TCI framework, the same configuration can be used. The configuration of the repetition schemes will make it possible for the UE to make the correct mapping between the PDSCH allocation and TCI state.
Note that the switching between the different schemes may become less dynamic, since the TCI indication provided in DCI applies to all channels, and that the TCI update is associated with a delay. For example, switching between single-TRP and multi-TRP transmission on a per slot basis will be challenging.
Summing up, we observe that
[bookmark: _Toc111220901]The Rel-16 multi-TRP schemes can be supported using the extension of the unified TCI framework.
2.5.2	Rel-17: repetition of PDCCH/PUCCH/PUSCH and HST-SFN
In Rel-17, schemes for PDCCH/PUCCH/PUSCH repetitions over/towards multi-TRP were introduced. In case of PDCCH repetition, a PDCCH can be repeated within a slot, either in frequency or time. For this purpose, two linked search space sets each associated a CORESET activated with one TCI state can be configured.  
In case of multi-TRP PUCCH repetition, both intra-slot and inter-slot repetitions are supported.  Multi-TRP PUCCH repetition is enabled for a PUCCH resource when two spatial relations or two sets of power control parameters are configured for the PUCCH resource.  In case of multi-TRP PUSCH repetition, both intra-slot and inter-slot repetitions are supported. Multi-TRP PUSCH repetition is enabled when two SRS resource sets with usage set to codebook or non-codebook are configured for a DCI format, either DCI format 0_1 or DCI format 0_2, or both.  Per TRP power control is supported for both multi-TRP PUCCH and PUSCH schemes. 
PDCCH repetition is configured via search space linking, which is independent on how the TCI is associated with the search space. Hence, it is trivially supported with the extension of the unified TCI framework described above.
For both PUCCH and PUSCH repetitions, multiple pointers can be configured in the PUCCH resource and PUSCH configuration respectively. The different TCI states will also provide the power control settings for the different transmission. Here a lot of the complications of these repetition schemes are avoided. 
In Rel-17 enhanced HST-SFN, single DCI based multi-TRP PDCCH and multi-TRP PDSCH SFN schemes were introduced in which a same copy of PDCCH or a PDSCH is transmitted from two TRPs. It is assumed that TRP specific SSB/TRS/CSI-RS transmissions are used.   SFN based multi-TRP PDCCH is enabled by a combination of RRC configuration and activation of a CORESET with two TCI states. For enhanced SFN based multi-TRP PDSCH, it is enabled by both a RRC configuration and indication of two TCI states in a DCI scheduling the PDSCH.  Dynamic switching between SFN based multi-TRP PDSCH and single TRP PDSCH is supported, but dynamic switching between SFN based multi-TRP PDSCH and NC-JT is not supported.   In addition, SFN based multi-TRP PDSCH may be scheduled with DCI without TCI field and in that case, the PDSCH follows the TCI states activated for the CORESET in which the PDCCH carrying the DCI is received.
To support enhanced reception of SFN-based PDCCH transmission with the extended unified TCI framework, two pointers can be introduced in the search space set configuration. To support enhanced SFN-based PDSCH transmission with the extended unified TCI framework, two pointers can be introduced in the PDSCH configuration. Together with the SFN scheme configuration, the UE will know how it will use these two TCI states. As mentioned in the previous section, some of the flexibility may be lost, since the TCI field may change the TCI state of all channels. 
Summing up, we observe
[bookmark: _Toc111220902]The Rel-17 multi-TRP schemes can be supported using the extension of the unified TCI framework. 
[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 TCI state update procedure of Alt3 is very similar to the single-DCI procedure.
Observation 3	To ensure that the two TRPs and the UE have the same understanding of the indicated TCI states, coordination between the TRPs or smart mapping of TCI states to DCI codepoints can be used.
Observation 4	Since RLC is centralized in multi-DCI mTRP operation, and the segmentation is performed in RLC, dynamic coordination between the TRPs is still required.
Observation 5	Association between indicated TCI states and CORESETPoolIndex is not needed.
Observation 6	With Alt2, it becomes difficult map other channels than PDCCH to indicated TCI states.
Observation 7	Alt2 would result in a multi-DCI solution that is completely different from the single-DCI solution.
Observation 8	With the MAC CE design described in section 2.2.2, the Rel-17 DCI indication methods can be used as is.
Observation 9	Multiple TCI fields leads to higher overhead and/or reduced flexibility compared to one longer TCI field.
Observation 10	The Rel-16 multi-TRP schemes can be supported using the extension of the unified TCI framework.
Observation 11	The Rel-17 multi-TRP schemes can be supported using the extension of the unified TCI framework.
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	Support up to four indicated TCI states in Rel-18.
Proposal 4	Use the three-step procedure (RRC+MAC CE+DCI) for single-DCI and multi-DCI based MTRP operation.
Proposal 5	Reuse the same TCI state update scheme for S-DCI based MTRP as a starting point.
Proposal 6	Do not introduce an explicit TRP identifier in a TCI state.
Proposal 7	All the joint TCI states are in one list, and all the UL TCI states are in one list.
Proposal 8	Further consider if the maximum number of joint or UL TCI states needs to be increased.
Proposal 9	Up to four TCI states can be mapped to each DCI codepoint, and these four TCI states may be of different types.
Proposal 10	Further consider if the number of bits in the TCI field needs to be increased.
Proposal 11	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 12	RRC configuration is used to define the mapping/association between a configured or indicated joint/DL TCI state and a search space set.
Proposal 13	For single DCI based mTRP operation, the PDSCH configuration can contain two pointers to two indicated TCI states, where each TCI state is associated with one DMRS CDM group indicated by the antenna port field in DCI.
Proposal 14	RRC configuration is used to define the mapping/association between a configured or indicated joint/UL TCI state and a PUCCH resource.
Proposal 15	RRC configuration is used to define the mapping/association between a configured or indicated joint/UL TCI state and an SRS resource set.
Proposal 16	RRC configuration is used to define the mapping/association between a configured or indicated joint/DL TCI state and an CSI-AssociatedReportConfigInfo.
Proposal 17	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.
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image2.emf
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                                             ]]     }  


image3.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                              ...          }  


image4.emf
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}                                               ]]   }  


