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In Rel-17, unified TCI framework was specified for multi-beam operation, where a common TCI state – separate DL or UL TCI state or joint DL and UL TCI state – can be indicated for UE-dedicated reception on PDCCH/PDSCH or dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources. Furthermore, the signaling medium for indicating the common TCI state can be a downlink DCI (DCI format 1_1 or 1_2 with or without PDSCH assignment) or a MAC CE (with only one activated TCI codepoint). For the Rel-17 DCI based beam indication, a single joint TCI state or pair of separate DL and UL TCI states can be indicated by a TCI codepoint of the DCI field ‘Transmission Configuration Indication’, wherein a MAC CE activation command can be used to map up to 8 TCI states/pairs of TCI states to the codepoints of the TCI field. Utilizing a single TCI state/pair of TCI states for beam management can be restrictive as it is tailored to single-TRP (STRP) operation. Starting from Rel-15, various multi-TRP (MTRP) transmission schemes targeting at both eMBB and reliability enhancements have been specified. The beam indication design in these MTRP schemes, however, still follows the Rel-15/16 TCI framework. Hence, extending the Rel-17 unified TCI framework to the MTRP operation, e.g., by indicating in a DCI multiple TCI states or pairs of TCI states for various MTRP schemes, is needed (cf. objective 2 in the Rel-18 MIMO WID [1]), and the corresponding signaling design details also need to be specified. 

Though MTRP operation is the design focus here, the basic design principle of the unified TCI framework extension should still follow what we have specified in Rel-17. That is, all UE-dedicated channels and channels/signals higher layer configured to follow the indicated TCI state(s) should follow the corresponding indicated TCI state(s). Besides, key enablers/features of the common beam indication specified in Rel-17 such as beam application time (BAT), types of source RSs and target RSs/channels, CORESET based TCI state indication/update and etc. should remain the same in Rel-18. In the past several RAN1 meetings, the following design aspects/issues have been extensively discussed, which also lead to several baseline agreements.
· Applicable MTRP schemes: as a baseline, all of MTRP schemes specified in previous releases should be considered, including PDSCH transmission schemes 1a/2a/2b/3/4 specified in Rel-16, MDCI based PDSCH transmission scheme specified in Rel-16, PDCCH/PUCCH/PUSCH repetition schemes specified in Rel-17 and HST-SFN specified in Rel-17. 
· Issues related to indicating/signaling, e.g., in a beam indication DCI, TCI state(s) for different TRPs: the maximum number of TCI states that can be indicated/applied in a BWP/CC, type(s) of TCI states that can be applied across different TRPs, whether to increase the maximum number of MAC CE activated codepoints, whether to increase the maximum number of TCI field bits, and etc. 
· Association/mapping between the indicated TCI states and the target channels/signals from different TRPs: for repetition-based MTRP transmission schemes, the indicated TCI states can be mapped to different “repetition occasions”, while for non-repetition based MTRP transmission schemes, the association can be based on higher layer signaling index configuration such as CORESET pool index configuration for MDCI.
· Other applications/design aspects: MTRP BFR under the unified TCI framework, beam indication for STXMP, uplink power control and etc.
In this contribution, we elaborate our views on further details of these issues.  

Discussions
Indicating multiple separate or joint DL and UL TCI states 
TCI states indication/update for SDCI/MDCI based MTRP

In Rel-17, a single TCI state or pair of TCI states is indicated by a TCI codepoint of the DCI field ‘Transmission Configuration Indication’ in the corresponding beam indication DCI (DCI format 1_1 or 1_2 with or without DL assignment), where a MAC CE activation command can activate up to 8 TCI states/pairs of TCI states to the codepoints of the TCI field. In Rel-18, means of indicating multiple TCI states or pairs of TCI states in a single DCI (for SDCI based MTRP operation) need to be specified, accounting for (1) whether the DCI format for beam indication is with or without PDSCH assignment, and (2) DCI payload. 

Similar to the Rel-17 unified TCI framework design for STRP operation, the Rel-18 SDCI based MTRP operation would also support both ‘separate’ and ‘joint’ TCI state types. For instance, when a UE is higher layer configured by the network the TCI state type set to ‘separate’, a TCI codepoint could correspond to a subset of {joint TCI state 1, joint TCI state 2} for a two-TRP setting. When a UE is higher layer configured by the network the TCI state type set to ‘separate’, a TCI codepoint could correspond to a subset of {DL TCI state 1, UL TCI state 1, DL TCI state 2, UL TCI state 2} for a two-TRP setting. It has been discussed in the past few RAN1 meetings whether or not a TCI codepoint can correspond to any subset of TCI state combinations as mentioned above for a configured TCI state type. First of all, we do not see an immediate RAN1 impact to specify how a TCI codepoint should be mapped to different combinations of joint/DL/UL TCI states as long as both ‘separate’ and ‘joint’ modes can be (separately) configured. Furthermore, the below agreement – made in RAN1 #111 [2] – has specified that the existing TCI field in a beam indication DCI can indicate TCI state(s) for one or both of the TRPs. We believe that the above should be enough for RAN1’s normative work, and further signaling structure design/optimization should be left to other working groups such as RAN2.        Agreement from RAN1 #111
On unified TCI framework extension for S-DCI based MTRP, in one beam indication instance, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate joint/DL/UL TCI state(s) for one or both of the two TRPs in a CC/BWP or a set of CCs/BWPs in a CC list
· FFS: Increase on the size of the TCI field
· Note: The term TRP is used only for discussion purpose in RAN1 and whether/how to capture this is FFS



Observation 1: On unified TCI framework extension for SDCI based MTRP, whether or not RAN1 needs to specify mapping between joint/DL/UL TCI states and TCI codepoint needs further discussion.

As aforementioned, for SDCI based multi-TRP operation, a TCI codepoint can indicate one or two TCI states/pairs of TCI states, each for a TRP. If a TCI codepoint indicates a single TCI state, one underlying assumption would be that the indicated TCI state is just for STRP operation – and therefore, (dynamic) switching between STRP and MTRP can be achieved via varying the number of indicated TCI state(s) between one and two. On the contrary, it would also be possible that the indicated TCI state is to update one of the previously indicated two TCI states for MTRP operation. We do not prefer to use the number of indicated TCI states to switch between STRP and MTRP, which would complicate UE’s behaviors. It has been agreed in RAN1 that the STRP and MTRP switching for both data and control channels can be realized via DCI-level and RRC-level indicators. If, e.g., the DCI indicator for PDSCH reception is not configured/present, the UE would just follow the fallback beams.   

Based on the above discussions, we therefore propose the following.

Proposal 1: On unified TCI framework extension for SDCI based MTRP, do not support (dynamic) STRP and MTRP switching via the number of indicated TCI states in one beam indication instance; the indicated TCI state(s) should be used for updating the corresponding previously indicated one(s) for MTRP operation.

Additionally, with a potential increase in the number of TCI state combinations for SDCI based MTRP operation – as illustrated in Figure 1, a TCI codepoint may correspond to one or two TCI states/pairs of TCI states, where a TCI state can be a joint DL and UL TCI state (if configured with ‘joint’), and a DL or UL TCI state (if configured with ‘separate’), it would become necessary to increase the maximum number of MAC CE activated TCI codepoints, e.g., from 8 to 16 (illustrated in Figure 2). By doubling the maximum number of activated TCI codepoints, at least the same beam-selection flexibility as in a STRP system can be retained for MTRP operation with two coordinating TRPs.
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Figure 1. Examples of DL/UL TCI state combinations for a two-TRP setting
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Figure 2. Increasing the maximum number of MAC CE activated TCI codepoints for MTRP

Proposal 2: On unified TCI framework extension for SDCI based MTRP, support to increase the maximum number of MAC CE activated TCI codepoints, e.g., from 8 to 16.

With increase in the maximum number of activated TCI codepoints, means of signalling the “additional” TCI codepoints in beam indication DCI needs to be specified, depending on whether or not the maximum number of the existing TCI field bits needs to be increased, e.g., from 3 to 4. First of all, we do not support increasing the TCI field size as it would increase DCI payload. If the maximum number of the existing TCI field bits keeps the same as that in Rel-17, i.e., 3 bits, introducing an additional DCI field – either new or repurposed – to signal the “additional” TCI codepoints is a valid approach. For instance, the additional DCI field can be a 3-bit field, to which the last 8 TCI codepoints out of the total 16 activated TCI codepoints can be mapped (assuming that the first 8 TCI codepoints out of the total 16 activated TCI codepoints are mapped to the existing TCI field). It is evident that introducing a new 3-bit DCI field would significantly increase the DCI payload. To keep the same DCI payload size as in Rel-17, the additional DCI field can be realized by repurposing the existing DCI field(s) in format 1_1/1_2. Repurposing the existing DCI field is feasible when the beam indication DCI does not provide PDSCH assignment, but when the beam indication DCI also schedules PDSCH, there may not be enough bits left for repurposing. 
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Figure 3. Examples of TCI signalling enhancements for with and without DL assignment

One possible solution to address the above issues is to introduce a 1-bit selector in DCI. The additional 1-bit field can indicate the mapping between the existing 3-bit TCI field and a subset of 8 TCI codepoints (e.g., a subset of the first 8 denoted by subset 1 in Figure 3 or a subset of the last 8 TCI codepoints denoted by subset 2 in Figure 3, out of the total 16 MAC CE activated TCI codepoints). The additional 1-bit field can be implemented by repurposing. For instance, as illustrated in Figure 3, when the beam indication DCI carries DL assignment, the existing TCI field would always indicate TCI codepoints from subset 1. When the beam indication DCI does not carry DL assignment, the existing TCI field could indicate TCI codepoints from either subset 1 or subset 2 according to the 1-bit subset selector. A similar design approach to introducing the 1-bit indicator in DCI is to introduce the 1-bit indicator in CORESET. Then, depending on which CORESET(s) the beam indication DCI is received, the UE can determine the mapping between the TCI field and a subset of activated TCI codepoints. 

We therefore propose the followings.

Proposal 3: On unified TCI framework extension for SDCI based MTRP, support to introduce an additional 1-bit indicator to associate the existing TCI field and a subset of MAC CE activated TCI codepoints. The additional 1-bit indicator can be provided in the beam indication DCI without DL assignment (repurposed) or ControlResourceSet.

For MDCI based MTRP operation where two values of CORESET pool index are provided, a UE can receive, in a CORESET associated with a CORESET pool index value, a beam indication DCI (DCI format 1_1 or 1_2 with or without DL assignment) indicating a single TCI state/pair of TCI states by the TCI field, where a MAC CE activation command can activate up to 8 TCI states/pairs of TCI states to the codepoints of the TCI field. Here, the signaling structure is the same as that in Rel-17 (the main difference is the association to the pool indexes) – so further enhancement is not needed. 

Mapping/association of indicated TCI states to target channels/signals
 
For both SDCI and MDCI based MTRP operations, the common beam indication should be performed per TRP, where all UE-dedicated DL and UL channels and channels/signals higher layer configured with followUnifiedTCIState associated with a TRP should follow the indicated TCI state(s)/pair(s) of TCI states associated with the same TRP. The indicated M>1 or N>1 TCI states, therefore, need to be associated to different TRPs (and therefore, the corresponding target DL and UL channels/signals) first, and the association method(s) should be specified as well. In the following, we provide our views on how to associate the indicated TCI states/pairs of TCI states to different target channels/signals, and their implications on (1) SDCI and MDCI based MTRP operations, and (2) non-repetition and repetition based MTRP transmission schemes. 

For MTRP non-repetition transmission schemes, the association between the indicated M>1 or N>1 TCI states and the TRPs should be separately considered for MDCI and SDCI based MTRP operations. For SDCI based MTRP operation, the mapping/association between the indicated TCI state(s) and target channel(s)/signal(s) can be different from that for MDCI based MTRP operation because CORESET pool index(es) is not configured for SDCI based MTRP. Furthermore, in a SDCI based MTRP system, a UE can receive PDCCH candidate(s) in CORESET(s) from one of the TRPs. For this case, one of the indicated M>1 or N>1 TCI states should be associated with the CORESET(s). Several alternatives of associating/mapping joint/DL TCI state(s) to PDCCH reception(s) in a SDCI based MTRP system were discussed in the past several RAN1 meetings, and an agreement related to this matter was reached in RAN1#110bis-e [3].Agreement from RAN1 #110bis-e
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)

From the above agreement, a RRC-level indicator is used to inform the association/mapping between one or two of the indicated TCI states and PDCCH reception(s). For instance, an indicator can be provided in higher layer parameter ControlResourceSet. With this setting, for example, when the beam indication DCI is received in a CORESET with the indicator set to ‘0’, the first indicated TCI state can be applied to all PDCCH receptions, and when the beam indication DCI is received in a CORESET with the indicator set to ‘1’, the second indicated TCI state can be applied to all PDCCH receptions. Furthermore, according to the agreement, different CORESETs or different groups of CORESETs (if CORESET group configuration is supported) can be associated with different indicated TCI states. For this case, prioritization rule among CORESETs (or groups of CORESETs) associated with different indicated TCI states may be needed – the prioritization rule can be analogous to that specified in Rel-15/16.

Proposal 4: On PDCCH reception(s) in SDCI based MTRP under unified TCI framework, with the higher layer indicator provided in ControlResourceSet, a CORESET is associated with one or two of the indicated joint/DL TCI states,
· The UE applies the indicated joint/DL TCI state(s) that is associated with the CORESET, in which the beam indication DCI is received, for PDCCH reception(s). 
· Prioritization rule among CORESETs associated with different indicated TCI states needs to be specified.

For PDSCH reception(s) in SDCI based MTRP operation, the following agreements were made in RAN1 #111.Agreement from RAN1 #111
On unified TCI framework extension for S-DCI based MTRP, a DCI field in DCI format 1_1/1_2 that schedules/activates PDSCH reception is used to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception
· The presence of the DCI field is configurable by RRC; when the DCI field is not present in DCI format 1_1/1_2, the UE shall apply the default indicated joint/DL TCI state(s) to PDSCH reception
· FFS: Details on the default indicated joint/DL TCI state(s) to PDSCH reception
· FFS: The DCI field is a new indicator field or an existing field (e.g., the existing TCI field)
· FFS: Regardless the DCI field is present or not present, how to apply the indicated joint/DL TCI state(s) to PDSCH reception if the offset between the reception of the DCI format 1_1/1_2 and the corresponding PDSCH reception is less than a threshold 
FFS: How to apply the indicated joint/DL TCI state(s) to PDSCH reception scheduled/activated by DCI format 1_0.
Above applies for the case where PDSCHs scheduled by the same DCI.

Agreement from RAN1 #111
On unified TCI framework extension for S-DCI based MTRP, a new indicator field is supported as the DCI field in DCI format 1_1/1_2 that schedules/activates PDSCH reception to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception
FFS: Detail design of the new indicator field.

The agreements read that a new DCI indicator field would be introduced in DCI format 1_1/1_2 to dynamically switch between TRPs (and therefore, the corresponding TCI states) for PDSCH reception(s). In particular, the new DCI field – e.g., denoted by ‘TCI selection indicator’ field – is configurable by RRC (present or not) and optional to UE’s implementation. For instance, the TCI selection indicator could be a 2-bit DCI indicator with ‘00’ indicating that the first indicated joint/DL TCI state(s) should be used for PDSCH reception(s), ‘01’ indicating that the second indicated joint/DL TCI state(s) should be used for PDSCH reception(s), ‘10’ indicating that both of the first and second indicated joint/DL TCI states should be used for PDSCH reception(s) – e.g., for receiving two PDSCH transmission occasions, and ‘11’ reserved, which is presented in Figure 4.
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Figure 4. An example of codepoints for the TCI selection indicator

Proposal 5: On unified TCI framework extension for SDCI based MTRP, a new 2-bit DCI indicator field – denoted by TCI selection indicator field (in format 1_1/1_2 with DL assignment) is introduced and used for PDSCH reception(s), with 
· 00 – the first indicated joint/DL TCI state(s) is used for PDSCH reception(s). 
· 01 – the second indicated joint/DL TCI state(s) is used for PDSCH reception(s).
· 10 – both of the first and second indicated joint/DL TCI states are used for PDSCH reception(s) – e.g., respectively used for receiving the first PDSCH transmission occasion and the second PDSCH transmission occasion.
· 11 – reserved.

When the TCI selection indicator field is not present, which TCI state(s) to apply for PDSCH reception(s) need to be specified. In the last RAN1 meeting, several design alternatives were listed including: (1) always following the first indicated TCI state(s), (2) always applying both of the indicated TCI states, (3) using a RRC indicator to inform which one or two of the indicated TCI states to use for PDSCH reception, and (4) following the TCI state(s) used for receiving the scheduling PDCCH. Among the above design alternatives, we prefer to leverage the RRC-level indicator or the TCI state(s) used for receiving the scheduling PDCCH to determine which one or two of the indicated TCI states to use for PDSCH reception. This will maintain a minimum level of flexibility in switching between TRPs for PDSCH reception without imposing stringent requirements on UE’s implementation complexity. Always following a fixed beam – as a fallback mode when the TCI selection indicator is not configured – is quite arbitrary, which may also lead to a degraded performance. Always buffering the PDSCH(s) with two beams, i.e., alternative (2) above, is highly subject to UE’s capability.   

Proposal 6: On PDSCH reception(s) in SDCI based MTRP under unified TCI framework, when the TCI selection indicator field is not configured/present, the UE should follow one or two fallback TCI states for PDSCH reception(s), where the fallback TCI states
· can be configured via RRC signaling, or
· can follow those used for receiving the scheduling PDCCH. 
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Figure 5. An example of application timeline for SDCI based MTRP

In addition, when the TCI selection indicator field is present, and before the TCI selection indicator becomes applicable, which TCI state(s) to apply for buffering the PDSCH also needs to be specified. For this scenario, we prefer the same UE’s behaviour/assumption as that when the TCI selection indicator field is not configured, i.e., a RRC indicator can be used to inform which one or two of the indicated TCI states to use for buffering the PDSCH, or the TCI state(s) used for receiving the scheduling PDCCH can be used to buffer the PDSCH. We do not prefer to have separate UE operations for similar settings. Furthermore, after the TCI selection indicator has become applicable and before the indicated TCI state(s) becomes applicable (i.e., before BAT), the UE can follow the TCI selection indicator to determine which one or two of the indicated TCI states to use for PDSCH reception. In Figure 5, we provide a conceptual example depicting the above described UE’s operations for different application timelines. We therefore propose the following.

Proposal 7: On PDSCH reception(s) in SDCI based MTRP under unified TCI framework, 
· when the TCI selection indicator field is present and before it becomes applicable, the UE should follow the same assumption as that when the TCI selection indicator field is not present to determine TCI state(s) for PDSCH buffering;
· when the TCI selection indicator becomes applicable and before BAT, the UE should follow the TCI selection indicator to determine TCI state(s) for PDSCH reception.

For PUSCH transmission, the following agreement was made in RAN1 #111:Agreement from RAN1 #111
On unified TCI framework extension for S-DCI based MTRP, 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

We prefer to reuse the SRS resource set indicator in DCI 0_1/0_2 to inform which of the indicated TCI states to use for PUSCH transmission – introducing a new DCI indicator field for this purpose is not preferred. For instance, when the SRS resource set indicator is set to ‘00’, the first indicated joint/UL TCI state(s) is used for PUSCH transmission; when the SRS resource set indicator is set to ‘01’, the second indicated joint/UL TCI state(s) is used for PUSCH transmission; and when the SRS resource set indicator is set to ‘10’, both of the first and second indicated joint/UL TCI states are used to transmit the PUSCH(s), e.g., to respectively transmit the first PUSCH transmission occasion and the second PUSCH transmission occasion. Furthermore, using an indicator field in the uplink DCI 0_1/0_2 to inform which of the TCIs indicated in the downlink DCI 1_1/1_2 to use for PUSCH transmission will lead to a potential timing misalignment issue between UL and DL DCI indications, e.g., when the UL DCI selects the TCI state(s) while the UE is performing TCI state(s) update. To address this timing misalignment issue, a linkage between the uplink DCI that indicates the association between the indicated TCI states and the PUSCH transmission(s) – e.g., via the SRS resource set indicator as discussed above – and the corresponding downlink DCI that indicates the TCI states needs to be established. For instance, the linkage can be implicitly based on the receive timings of the uplink and the downlink DCIs. The linkage can also be explicitly indicated in both of the uplink and downlink DCIs.

Proposal 8: On PUSCH transmission(s) in SDCI based MTRP under unified TCI framework, support to reuse the SRS resource set indicator in DCI 0_1/0_2 to inform which one or two of the indicated TCI states to use for PUSCH transmission, with
· 00 – the first indicated joint/UL TCI state(s) is used for PUSCH transmission(s). 
· 01 – the second indicated joint/UL TCI state(s) is used for PUSCH transmission(s).
· 10 – both of the first and second indicated joint/UL TCI states are used for PUSCH transmission(s) – e.g., respectively used for transmitting the first PUSCH transmission occasion and the second PUSCH transmission occasion.
· 11 – reserved.

Proposal 9: A linkage between the uplink DCI that indicates the association between the indicated TCI states and the PUSCH transmission(s) – e.g., via the SRS resource set indicator in DCI 0_1/0_2 – and the corresponding downlink DCI that indicates the TCI states needs to be established:
· Implicitly via the receive timings of the corresponding UL and DL DCIs
· Explicitly indicated in the corresponding UL and DL DCIs
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Figure 6. Examples of mapping indicated TCI states to “repetition occasions”

For MTRP repetition transmission schemes, the indicated M>1 or N>1 TCI states can be mapped to different “repetition occasions” in an implicit manner. For M=2 or N=2, the 1st TCI state indicated by a TCI codepoint can be mapped to the first “repetition occasion”, and the 2nd TCI state indicated by the same TCI codepoint can be mapped to the second “repetition occasion”. More specifically, for PDCCH repetition, the first and second “repetition occasions” can respectively correspond to the two PDCCH candidates – denoted by first and second PDCCH candidates – from two respective search space sets that are linked via higher layer signalling. For this case, the 1st indicated TCI state can be mapped to the first PDCCH candidate, and the 2nd indicated TCI state can be mapped to the second PDCCH candidate. For PDSCH repetition, the first and second “repetition occasions” can respectively correspond to the two PDSCH transmission occasions defined in the TDM based schemes, the first and second halves of PRBs in the FDM based schemes with the precoding granularity set to ‘wideband’, or the even and odd PRGs in the FDM based schemes with the precoding granularity set to ‘2’ or ‘4’. For PUCCH repetition, the 1st and 2nd indicated TCI states can be alternated per a certain number of PUCCH transmission repetitions (slots). Similarly, for PUSCH repetition, the 1st and 2nd indicated TCI states can be applied to the first and second slots of 2 consecutive slots for Type A, or the first and second nominal repetitions of 2 consecutive nominal repetitions for Type B. Note that both cyclic and sequential beam mapping patterns can be applied to PDSCH, PUCCH and PUSCH repetition schemes. In Figure 6, various examples of mapping the indicated 1st and 2nd TCI states and PDCCH/PDSCH/PUCCH/PUSCH repetitions as discussed above are presented. To summarize,

Proposal 10: Specify rules of mapping the indicated M>1 or N>1 TCI states to “repetition occasions” of various channels for SDCI based MTRP repetition transmission schemes
· For PDSCH, PUCCH and PUSCH repetitions, the corresponding beam mapping rules follow those in Rel-16/17.
· For PDCCH repetition, the 1st and 2nd indicated TCI states are mapped to the first and second PDCCH candidates, which can be determined based on their associated CORESET IDs. 

Inter-cell multi-TRP operation for both SDCI and MDCI
 
Inter-cell multi-TRP operation was supported in Rel-17, where CORESETs configured with different values of CORESET pool index – i.e., MDCI based multi-TRP framework – are associated with different PCIs including the serving cell PCI. However, the Rel-17 inter-cell multi-TRP operation was under the legacy Rel-15 TCI framework. Rel-17 also specified another form of inter-cell operation, i.e., inter-cell beam management (ICBM) under the unified TCI framework, where a UE can switch between the serving cell PCI and a PCI different from the serving cell PCI for both data and control channels. However, the ICBM did not consider simultaneous transmission/reception, which is a key feature of multi-TRP operation. Hence, there is a need to extend the unified TCI framework to the inter-cell multi-TRP operation. 

It has been agreed in RAN1 that in Rel-18, the extension of the unified TCI framework will also include the extension to the inter-cell multi-TRP operation. For the MDCI based multi-TRP system, the extension can be achieved via the same one-to-one association between the CORESET pool index values and the PCIs as that in Rel-17. In this way, all features supported for the MDCI based multi-TRP operation can be directly extended or applied to the inter-cell multi-TRP operation.

Proposal 11: On extending the unified TCI framework to MDCI based inter-cell multi-TRP operation, support one-to-one association between CORESET pool index values and PCIs including the serving cell PCI.
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Figure 7. A conceptual example of mapping the TCI states indicated by a TCI codepoint to PCIs

In addition, SDCI based multi-TRP operation also sees its importance in many application scenarios, where beams for different PCIs can be indicated via the same DCI. To enable the SDCI based multi-TRP operation, TCI states indicated by a TCI codepoint can be associated to different PCIs including the serving cell PCI. As depicted in Figure 7, the first and second TCI state(s) – indicated by a TCI codepoint – are respectively associated to the serving cell PCI and a PCI other than the serving cell PCI. With this setting, all features supported for the SDCI based multi-TRP operation can be directly extended or applied to the inter-cell multi-TRP operation as well.

Proposal 12: On extending the unified TCI framework to SDCI based inter-cell multi-TRP operation, support one-to-one association between indicated TCI states of a TCI codepoint and PCIs including the serving cell PCI; at least one of the indicated TCI states of a TCI codepoint can be associated to a PCI other than the serving cell PCI.

Beam management for simultaneous multi-panel UE transmission  
RAN1 has considered utilization of multiple UE panels as a potential solution to improve reliability, to support flexible gNB scheduling in MTRP operation, or other performance enhancements. Starting with implementation based support of MPUE in Rel-15, as an enhanced operation, RAN1 specified beam-specific UE capability reporting in Rel-17. Considering different UE capability per panel, UE may report a maximum number of UL antenna ports per reported candidate beams. Reported capability is considered at gNB’s UL scheduling with fast panel selection. 

With fast panel selection, MPUE is expected to offer enhanced spatial filter selection at either of gNB and UE which translates to enhanced throughput or reliability. However, such benefit is limited since it is by nature “TDM-only”. To facilitate more advanced use of multiple panels such as FDM- or SDM-based transmission (resulting in improved peak throughput), Simultaneous Transmission via Multiple UE Panels (STxMP) based on the existing framework is being studied in Rel-18. Since the WID states only up to two UE panels, the term STx2P will be used to refer to this setting.

To facilitate STx2P while mindful of the existing framework, it is first proposed that beam indication or management of STx2P rely on Rel-18 extension of unified TCI framework alone, i.e. no additional beam indication mechanism is introduced. It would be obvious that STx2P toward 2 TRPs is an applicable scenario for MTRP operation with the Rel-18 extended unified TCI framework. According to the final decision, TCI indication or SRI indication of MTRP would support beam indication of STx2P UE. 

Proposal 13: For MTRP scenario, indication of simultaneous UE beams rely on the Rel-18 extension of unified TCI framework supporting indication of multiple joint/UL TCI states 

Support of STx2P toward single TRP should be confirmed in corresponding discussion. If supported, simultaneous indication of two different UL TCI or two different spatial info should be accepted for STRP scenario. Detailed indication rules for SDCI MTRP can be reused. 

Proposal 14: For STRP scenario, if STx2P UE operation is supported, two UL TCI states is indicated by single DCI
· Details follows Rel-18 multi-TCI indication rule of SDCI MTRP scenario
In case SRI based UL beam management is applied, UE associates SRS transmission of each panel to different SRS resource sets, and the mapping of spatial filter and UE panel is explicitly informed. Same or different DL RS can be associated to SRS resource sets in STRP scenario. The mapping information can also be explicitly informed when separated UL TCI state is associated with SRS recourse as QCL-typeD source, and applied for UL beam management. As other cases, where joint TCI state and DL RS is referred for UL beam management, gNB should understand which of reported beam is measured by or associated to each of UE panel. In a scenario of MDCI based MTRP operation, each of UE panel is naturally associated with one TRP, and gNB may not need additional reporting on a mapping between reported beam and UE panel. In SDCI scenario, if all of UE panels are installed or configured with different capabilities, gNB may additionally acquire information on a mapping between candidate beam and UE panel. 

In a scenario not covered by above cases, regular CRI/SSBRI reporting would not be sufficient for gNB to understand UE panel utilization, and further modification at beam reporting should be studied. As a starting point, we suggest to consider the legacy beam-group reporting schemes and formats with possible modification. In addition, expanding the Rel-17 UE capability correspondence reporting can also be considered.

Observation 2: Legacy beam reporting or UE capability reporting can support STx2P in various scenarios, but not all cases. 

Proposal 15: Study reusing legacy reporting scheme for reporting of simultaneous beams. 
· Consider reusing legacy beam-group reporting or its modified version as starting point
· Expanding the Rel-17 UE capability correspondence reporting can also be considered
 
 

Power control enhancement

Since Rel-15, beam-specific power control has been applied for UL transmission and further enhancements are added in Rel-16 and 17 to support additional transmission or beam management schemes. For example, in Rel-16, default pathloss RS and fast update of pathloss RS were introduced and in Rel-17, TRP-specific power control and beam-specific PHR reporting were specified to support UL MRP and beam-specific MPR. 

In Rel-18, RAN1 will discuss 8Tx UL and enhancement MPUE operations. But at this moment, without additional details on the transmission schemes, it is unclear whether power control enhancements are needed to support 8Tx UL or simultaneous multi-panel UL transmission. Thus, we propose to postpone discussion on UL power control enhancements until the details on UL enhancements become clearer and the necessity on PC enhancement can be assessed. 

Proposal 16: Postpone discussion on power control enhancements until further details on transmission schemes for UL 8Tx and STxMP are sufficiently mature 

Conclusions 
In this contribution, we provide our views on various aspects related to extending the unified TCI framework – specified in Rel-17 for STRP operation – to MTRP transmission schemes. In particular, the following proposals are made regarding indicating more than one (M>1 or N>1) joint DL and UL TCI states or pairs of separate DL and UL TCI states for both SDCI and MDCI based MTRP operations:

Observation 1: On unified TCI framework extension for SDCI based MTRP, whether or not RAN1 needs to specify mapping between joint/DL/UL TCI states and TCI codepoint needs further discussion.

Proposal 1: On unified TCI framework extension for SDCI based MTRP, do not support (dynamic) STRP and MTRP switching via the number of indicated TCI states in one beam indication instance; the indicated TCI state(s) should be used for updating the corresponding previously indicated one(s) for MTRP operation.

Proposal 2: On unified TCI framework extension for SDCI based MTRP, support to increase the maximum number of MAC CE activated TCI codepoints, e.g., from 8 to 16.

Proposal 3: On unified TCI framework extension for SDCI based MTRP, support to introduce an additional 1-bit indicator to associate the existing TCI field and a subset of MAC CE activated TCI codepoints. The additional 1-bit indicator can be provided in the beam indication DCI without DL assignment (repurposed) or ControlResourceSet.

Proposal 4: On PDCCH reception(s) in SDCI based MTRP under unified TCI framework, with the higher layer indicator provided in ControlResourceSet, a CORESET is associated with one or two of the indicated joint/DL TCI states,
· The UE applies the indicated joint/DL TCI state(s) that is associated with the CORESET, in which the beam indication DCI is received, for PDCCH reception(s). 
· Prioritization rule among CORESETs associated with different indicated TCI states needs to be specified.

Proposal 5: On unified TCI framework extension for SDCI based MTRP, a new 2-bit DCI indicator field – denoted by TCI selection indicator field (in format 1_1/1_2 with DL assignment) is introduced and used for PDSCH reception(s), with 
· 00 – the first indicated joint/DL TCI state(s) is used for PDSCH reception(s). 
· 01 – the second indicated joint/DL TCI state(s) is used for PDSCH reception(s).
· 10 – both of the first and second indicated joint/DL TCI states are used for PDSCH reception(s) – e.g., respectively used for receiving the first PDSCH transmission occasion and the second PDSCH transmission occasion.
· 11 – reserved.

Proposal 6: On PDSCH reception(s) in SDCI based MTRP under unified TCI framework, when the TCI selection indicator field is not configured/present, the UE should follow one or two fallback TCI states for PDSCH reception(s), where the fallback TCI states
· can be configured via RRC signaling, or
· can follow those used for receiving the scheduling PDCCH. 

Proposal 7: On PDSCH reception(s) in SDCI based MTRP under unified TCI framework, 
· when the TCI selection indicator field is present and before it becomes applicable, the UE should follow the same assumption as that when the TCI selection indicator field is not present to determine TCI state(s) for PDSCH buffering;
· when the TCI selection indicator becomes applicable and before BAT, the UE should follow the TCI selection indicator to determine TCI state(s) for PDSCH reception.

Proposal 8: On PUSCH transmission(s) in SDCI based MTRP under unified TCI framework, support to reuse the SRS resource set indicator in DCI 0_1/0_2 to inform which one or two of the indicated TCI states to use for PUSCH transmission, with
· 00 – the first indicated joint/UL TCI state(s) is used for PUSCH transmission(s). 
· 01 – the second indicated joint/UL TCI state(s) is used for PUSCH transmission(s).
· 10 – both of the first and second indicated joint/UL TCI states are used for PUSCH transmission(s) – e.g., respectively used for transmitting the first PUSCH transmission occasion and the second PUSCH transmission occasion.
· 11 – reserved.

Proposal 9: A linkage between the uplink DCI that indicates the association between the indicated TCI states and the PUSCH transmission(s) – e.g., via the SRS resource set indicator in DCI 0_1/0_2 – and the corresponding downlink DCI that indicates the TCI states needs to be established:
· Implicitly via the receive timings of the corresponding UL and DL DCIs
· Explicitly indicated in the corresponding UL and DL DCIs

Proposal 10: Specify rules of mapping the indicated M>1 or N>1 TCI states to “repetition occasions” of various channels for SDCI based MTRP repetition transmission schemes
· For PDSCH, PUCCH and PUSCH repetitions, the corresponding beam mapping rules follow those in Rel-16/17.
· For PDCCH repetition, the 1st and 2nd indicated TCI states are mapped to the first and second PDCCH candidates, which can be determined based on their associated CORESET IDs. 

Proposal 11: On extending the unified TCI framework to MDCI based inter-cell multi-TRP operation, support one-to-one association between CORESET pool index values and PCIs including the serving cell PCI.

Proposal 12: On extending the unified TCI framework to SDCI based inter-cell multi-TRP operation, support one-to-one association between indicated TCI states of a TCI codepoint and PCIs including the serving cell PCI; at least one of the indicated TCI states of a TCI codepoint can be associated to a PCI other than the serving cell PCI.

Proposal 13: For MTRP scenario, indication of simultaneous UE beams rely on the Rel-18 extension of unified TCI framework supporting indication of multiple joint/UL TCI states 

Proposal 14: For STRP scenario, if STx2P UE operation is supported, two UL TCI states is indicated by single DCI
· Details follows Rel-18 multi-TCI indication rule of SDCI MTRP scenario

Observation 2: Legacy beam reporting or UE capability reporting can support STx2P in various scenarios, but not all cases. 

Proposal 15: Study reusing legacy reporting scheme for reporting of simultaneous beams. 
· Consider reusing legacy beam-group reporting or its modified version as starting point
· Expanding the Rel-17 UE capability correspondence reporting can also be considered

Proposal 16: Postpone discussion on power control enhancements until further details on transmission schemes for UL 8Tx and STxMP are sufficiently mature 
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