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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 provided 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.
On high level, we want to support:
single-TRP
single-DCI multi-TRP
multi-DCI multi-TRP
single-TRP/multi-TRP + STxMP: (Simultaneous multi-panel transmission)
HST-SFN
For multi-TRP, it would be desirable to support all the schemes supported prior to Rel-18. However, we should also take the opportunity to revisit some schemes in case there are signs that their practical relevance is limited. For example, for multi-TRP schemes where RAN4 failed to specify requirements may be of limited value. 
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: _Toc102144045]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. 
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: _Toc102144046]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: _Toc102144047]Support up to four indicated TCI states in Rel-18.  
Of course, more indicated TCI states lead to higher overhead.
From Proposal 2, we realize there are two issues that need to be solved:
How do we indicate multiple TCI states to the UE?
How do we associate individual channels/signals with one of the indicated TCI states?
We will discuss each of these questions separately.
2.1	Providing the UE with multiple TCI states
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 the 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. 
For Rel-18, we propose to keep the three-step procedure, using RRC+MAC CE+DCI, where the DCI step is optional. Below, we present our preference on how these steps would be modified to support multiple TCI states. In short, we propose to keep the RRC configuration and DCI indication as is and modify the MAC CE activation. 
2.1.1	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 current best guess of the RRC IEs related to unified TCI is depicted in Figure 2.
[image: ]
[bookmark: _Ref102031624]Figure 2: Current best guess of the RRC IEs related to unified TCI.
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: _Toc102144048]Do not introduce an explicit TRP identifier in a TCI state.
In Rel-17, all the TCI states are defined in the PDSCH-Config, andny 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: _Toc102144049]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: _Toc102144050]Further consider if the maximum number of joint or UL TCI states needs to be increased.
2.1.2	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: _Ref102034673][bookmark: _Toc102144051]Up to four TCI states can be mapped to each DCI codepoint, and these four TCI states may be of different types.
2.1.3	DCI indication
With Proposal 7, 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: _Toc102144040]With the MAC CE design described in section 2.1.2, 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: _Toc102144052]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: _Toc102144041]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.
2.2	Associating the TCI states with signals/channels
In section 2.2, we described how the UE could be provided with multiple TCI states. Referring to Figure 1, this means that we have now 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, channels/signals can be configured to follow the unified TCI. One example for the CORESET 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 section 2.1, we described how a Rel-18 UE would be provided with several TCI states. Here we propose to extend the configuration followUnifiedTCIState-r17 into a more granular configuration. This configuration would explicitly indicate which of the indicated TCI states the configured channel/signal would follow. In Proposal 7, we proposed that up to four TCI states could be mapped to any DCI codepoint. The indication in a channel/signal would then be an integer between 1 and 4:
[bookmark: _Toc102144053]For each channel/signal, introduce a pointer that indicates which of the indicated TCI states the UE would use for the corresponding channel/signal.
For some channels/signals, more than one integer would be needed. Starting with PDSCH, a list of pointers is introduced in each PDSCH configuration. Each CDM group of the PDSCH is associated with one element in that list. The same paradigm could be used for PUSCH: each CDM group of the PUDSCH could be associated with one element in the list. This would also facilitate support of STxMP, if RAN1 agrees this should be specified. This is true both for dynamic and configured grant PUSCH transmission.
For PDCCH, we propose that the pointer is introduced per search space set. Note that in Rel-17, 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.
For PUCCH, we propose to introduce a pointer in a PUCCH resource.
For CSI-RS, we propose to introduce the pointer per CSI-RS resource. As for the Rel-17, the indicated TCI will not be valid for CSI-RS resources in all types of CSI-RS resource sets.
For SRS, we propose to introduce the pointer per SRS resource set. 
2.3	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. 

2.3.1	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: _Toc102144042]The Rel-16 multi-TRP schemes can be supported using the extension of the unified TCI framework.
2.3.2	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: _Toc102144043]The Rel-17 multi-TRP schemes can be supported using the extension of the unified TCI framework. 
2.4	Power control for UL single DCI for multi-TRP
UL power control for single DCI multi-TRP is included in a separate objective in the WID. With the extension of the unified TCI sketched above, such power control would be supported, since all power control settings would be associated with a TCI state, and one TCI state would be associated with the UL transmissions in single DCI multi-TRP.
[bookmark: _Toc102144044]UL power control for single DCI multi-TRP is supported with the extension of the unified TCI framework sketched in section 2.1 and 2.2.
[bookmark: _Hlk61857909]Conclusion
In the previous sections we made the following observations: 
Observation 1	With the MAC CE design described in section 2.1.2, the Rel-17 DCI indication methods can be used as is.
Observation 2	Multiple TCI fields leads to higher overhead and/or reduced flexibility compared to one longer TCI field.
Observation 3	The Rel-16 multi-TRP schemes can be supported using the extension of the unified TCI framework.
Observation 4	The Rel-17 multi-TRP schemes can be supported using the extension of the unified TCI framework.
Observation 5	UL power control for single DCI multi-TRP is supported with the extension of the unified TCI framework sketched in section 2.1 and 2.2.
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	Do not introduce an explicit TRP identifier in a TCI state.
Proposal 5	All the joint TCI states are in one list, and all the UL TCI states are in one list.
Proposal 6	Further consider if the maximum number of joint or UL TCI states needs to be increased.
Proposal 7	Up to four TCI states can be mapped to each DCI codepoint, and these four TCI states may be of different types.
Proposal 8	Further consider if the number of bits in the TCI field needs to be increased.
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.
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DLorJoint - TCIState - r17 ::=           SEQUENCE   {        tci - StateUnifiedId - r17               TCI - StateId ,        qc l - Type1 - r17                       QCL Unified - Info,        qcl - Type2 - r17                       QCL Unified - Info                                                     ul - powerControl - r17                 Uplink - powerControlId - r17                                            pathlossReferenceRS - Id - r17          PUSCH - PathlossReferenceRS - Id                                       }     UL - TCIState - r17 ::=                    SEQUENCE   {        ul - TCIState - Id - r17                          UL - TCIState - Id - r17,        servingCellId - r17                         ServCellIndex                                                  qcl - Type1 - r17                               QCL Unified - Info - r17,        ul - powerControl - r17                   Uplink - powerControlId - r17                                         pathlossRefe renceRS - Id - r17            PUSCH - PathlossReferenceRS - Id                                  }     QCL Unified - Info - r17   ::=                         SEQUENCE   {        Cell - 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                                     PUCCH - SRS        },        qcl - Type - r17                              ENUMERATED   {typeA, typeB, typeC, typeD},        additionalPCI - r17                         AdditionalPCIIndex - r17                                              ...   }  
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ControlResourceSet ::=               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        },        p recoderGranularity                  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               INTE GER   (1..3)                                                    coresetPoolIndex - r16                 INTEGER   (0..1)                                                    controlResourceSetId - v1610          ControlResourceSetId - v1610                                        ]] ,        [[        followUnifiedTCIstate - r17            ENUMERATED   {enabled}                                               ] ]   }  


