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Introduction
The unified framework introduced in Rel-17 intends to facilitate streamlined multi-beam transmission/reception. The Rel-18 WID for MIMO evolution for downlink and uplink is approved in RAN#94, and the detailed objectives of the extension marked with red colour are listed as follows [1]:
	2. Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework. 
6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable) 
0. UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
0. 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.
0. 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
0. 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
0. Two TAs for UL multi-DCI for multi-TRP operation 
0. 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.


As is shown above, the use cases of unified TCI framework are extended from single-TRP (STRP) in Rel-17 to multi-TRP (MTRP) in Rel-18. Some basic agreements have been reached in the few past meetings, and we will share some further considerations on unified TCI framework for MTRP.
Discussion
In our consideration, in order to keep a clean design on the premise of meeting new requirement, the mechanism of Rel-17 unified TCI framework could be reused as much as possible in Rel-18. In the meanwhile, some designs in Rel-16 TCI for MTRP could also be referred to in Rel-18 to avoid repetitive discussion, which we believe should be one of the basic principles for design of extending unified TCI framework to MTRP in Rel-18.

On combinations of joint/DL/UL TCI states that can be mapped to a TCI codepoint of the existing TCI field for S-DCI based MTRP, the following was proposed during the pre-RAN1#112 offline email discussion:
	Updated Proposal 2.1: On unified TCI framework extension for S-DCI based MTRP:
· For a serving cell configured with joint DL/UL TCI mode, a full-set or any sub-set of {1st joint TCI state, 2nd joint TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment)
· If the UE receives a TCI codepoint mapped with a full-set of {1st joint TCI state, 2nd joint TCI state}, the UE applies the corresponding joint TCI states in the full-set
· FFS: UE behavior if the UE receives a TCI codepoint mapped with a sub-set of {1st joint TCI state, 2nd joint TCI state}
· A TCI activation command should indicate that each activated joint TCI state in the TCI activation command is mapped to the 1st or 2nd joint TCI state of a TCI codepoint, and how to indicate is up to RAN2 design.
· For a serving cell configured with separate DL/UL TCI mode, a full-set or any sub-set of {1st DL TCI state, 1st UL TCI state, 2nd DL TCI state, 2nd UL TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment)
· If the UE receives a TCI codepoint mapped with a full-set of {1st DL TCI state, 1st UL TCI state, 2nd DL TCI state, 2nd UL TCI state}, the UE applies the corresponding DL/UL TCI states in the full-set.
· FFS: UE behavior if the UE receives a TCI codepoint mapped with a sub-set of {1st DL TCI state, 1st UL TCI state, 2nd DL TCI state, 2nd UL TCI state}
· A TCI activation command should indicate that each activated DL/UL TCI state in the TCI activation command is mapped to the 1st or 2nd DL/UL TCI state of a TCI codepoint, and how to indicate is up to RAN2 design.


In the following, we share some discussions on the FFS part. For a serving cell configured with joint DL/UL TCI mode, if a subset of {1st joint TCI state, 2nd joint TCI state} is indicated to UE, how to use the only indicated joint TCI state needs to be considered. In case that UE is switched into STRP operation, the indicated joint TCI state in the subset could be applied as the only unified TCI state. And in case that UE is still in MTRP operation, however, the indicated joint TCI state could be used to update the corresponding TCI state currently applied. Similarly, for a serving cell configured with separate DL/UL TCI mode, if a subset of {1st DL TCI state, 1st UL TCI state, 2nd DL TCI state, 2nd UL TCI state} is indicated to UE, there are also at least two possible behaviors for UE. Taking downlink for example, if only one DL TCI state is in the subset, the indicated DL TCI state could be used as the only applied unified TCI state for downlink transmission, implying STRP operation in downlink direction. As another possible way, the indicated DL TCI state could be used to update the corresponding TCI state currently applied. 
For either downlink or uplink, when one TCI state is indicated, each aforementioned UE behavior may have its own usage. By applying the indicated TCI state, it follows the Rel-16 MTRP principle where STRP or MTRP depends on the number of the TCI states, and the usage seems to be more aligned with the “unified” purpose. By updating the currently applied TCI state, it may provide a faster switch between MTRP and STRP, e.g., a TCI selection field can indicate to use one TCI state for PDSCH after two TCI states have already been applied. Also, which UE behavior is preferred may depend on whether the TCI selection field is configured or not. If the TCI selection field does not exist, the dynamic switching between MTRP PDSCH and STRP PDSCH can be determined just based on the number of the indicated TCI states as in Rel-16 MTRP.
Proposal 1 [bookmark: _Hlk127536372]If a subset of TCI state(s) is indicated to UE, and only one DL/joint TCI state and/or only one UL TCI state is in the subset, there are two possible alternatives for UE to use the indicated TCI state. It can be considered to support both alternatives and study when to use a particular alternative.
· Alt 1: To apply the indicated TCI state as the only unified TCI state for downlink or/and uplink. 
· Alt 2: To update the corresponding TCI states currently applied.



[bookmark: Figure_2]Figure 1. An example of two SRS resource sets and the associated TX parameters

Under the assumption of Alt 1 where a single indicated TCI state is applied as the unified TCI state, it is worth clarifying how to apply the single TCI state to different channels, especially the channels originally configured for MTRP usage. For MTRP configured grant PUSCH, a UE is configured with two SRS resource sets and two sets of SRIs and TPMIs as shown in Figure 1. As for MTRP based PUSCH transmission, the PUSCH repetitions are associated with the two SRS resource sets based on cyclic mapping or sequential mapping. For MTRP unified TCI, a UE can dynamically switch between following two UL TCI states and following a single UL TCI state. Therefore, it can happen that the UE is within a time period when a single UL TCI state is applied. Following unified TCI, the UE will perform transmission by using the single UL TCI state and a single set of power control parameters which are determined based on the indicated one UL TCI state. However, it is not clear which/how SRI, TPMI or SRS resource set is used for transmission. During the time period applying a single UL TCI state, the implication is that STRP PUSCH is preferred. Therefore, one of the two SRS resource sets and the associated SRI/TPMI should be used for all the PUSCH repetitions. For simplicity, it can be defined by default that the first SRS resource set and the associated SRI/TPMI are used.
Proposal 2 In case that a single indicated TCI state is used as the only unified TCI state (i.e., based on Alt 1 in Proposal 1), when MTRP configured grant PUSCH is within a time period applying one UL TCI state, the first SRS resource set and the associated SRI/TPMI are used for all the PUSCH repetitions.



[bookmark: Figure_3]Figure 2. An example of PDCCH reception within a time period of one DL TCI state for PDCCH repetition

Under the assumption of Alt 1 where a single indicated TCI state is applied as the unified TCI state, similarly, it is worth clarifying how to apply the single TCI state to MTRP PDCCH. PDCCH repetition can be seen as a type of MTRP PDCCH. If a UE is configured with PDCCH repetition, the UE is expected to monitor two linked PDCCH candidates based on two DL TCI states. For MTRP unified TCI, it is possible that the UE monitors two linked PDCCH candidates within a time period applying one DL TCI state. In this case, it is not clear how the UE monitors PDCCH based on the one DL TCI state. To address this issue, the following alternatives can be considered. 
Alt.1: Both of the two linked PDCCH candidates are monitored by using the one DL TCI state. In this case, two PDCCH replicas will be transmitted based on one DL TCI state. Correspondingly, two linked PDCCH candidates will be monitored based on the one DL TCI state. As an example, in Figure 2 (Alt.1), it can be seen as PDCCH repetition from one TRP when there is only one TCI state.
Alt.2: Only one PDCCH candidate is monitored by using the one DL TCI state. In this case, only one PDCCH replica is transmitted based on one DL TCI state, i.e., PDCCH repetition is not performed. Correspondingly, only one PDCCH candidate is monitored based on the one DL TCI state. Although PDCCH repetition is configured, when there is only one TCI state, it falls back to PDCCH without repetition. This is exemplified in Figure 2 (Alt.2).
Proposal 3 In case that a single indicated TCI state is as the only unified TCI state (i.e., based on Alt 1 in Proposal 1), when two linked PDCCH candidates for PDCCH repetition are within a time period applying one DL TCI state, the following alternatives should be considered for PDCCH monitoring.
· Alt.1: Both PDCCH candidates are monitored by using the one DL TCI state.
· Alt.2: Only one PDCCH candidate is monitored by using the one DL TCI state, i.e., falling back to PDCCH without repetition.

In the RAN1#111 meeting, we have an agreement on PDSCH reception as follows [2].
	Agreement
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.


And in the same meeting, for the default indicated TCI state(s) for PDSCH reception when the TCI field is not present, the following alternatives have been proposed in the feature lead summary [3].
	
Alt1: Use RRC to configure that the UE shall apply which one or both of the indicated joint/DL TCI states.

Alt2: The UE applies the first indicated joint/DL TCI state.

Alt3: The UE applies both indicated joint/DL TCI state.

Alt4: The UE applies the same indicated joint/DL TCI state(s) configured to the CORESET used for PDCCH reception if the CORESET follows the indicated joint/DL TCI state(s)

Alt.5: The UE continuously applies the applicable joint/DL TCI state(s) for PDSCH after receiving DCI without TCI field.

Alt 6: UE does not expect the DCI field is absent after the BAT when joint/DL/UL TCI states for both of the two TRPs are indicated in a CC/BWP or a set of CCs/BWPs in a CC list. How to ensure the restriction is FFS.



The DCI field mentioned in the agreement could provide great degree of flexibility for beam indication of PDSCH reception according to varying demands of service and/or channel conditions: dynamic selection from the 1st indicated DL/joint TCI state, the 2nd indicated DL/joint TCI state or both of the indicated DL/joint TCI states. If there is a need to adjust the beam indication of PSCH reception, say, from the 2nd indicated joint/DL to the 1st indicated TCI state (as shown in Figure 3-a), using the new field is enough. It seems unnecessary to apply a different TCI state just because of absence of TCI field in case the pre-defined default TCI state is different from the TCI state already applied, which could add complexity at UE side. Hence, to our understanding, Alt 1 or Alt 2 are not supposed to be a good choice. For similar reasons, changing from one indicated DL/joint TCI state to both indicated DL/joint TCI states which are set as default (shown in Figure 3-b), seems also unnecessary, and so Alt 3 could be excluded. More constraints are imposed to system design in Alt 6, which is undesirable. And technically speaking, there does not exist obvious distinctions between Alt 4 and Alt 5. Therefore, we think Alt 5 is quite a natural scheme for PDSCH reception when TCI field is not present in DCI, which would not add unnecessary complexities or constraint to system design.


[bookmark: Figure_1]Figure 3-a. An instance for default PDSCH reception


Figure 3-b. Another instance for default PDSCH reception

Proposal 4 For PDSCH reception in S-DCI based MTRP, regarding the default indicated joint/DL TCI state(s) for PDSCH reception scheduled/activated, Alt 5 is preferred, i.e.,
· Alt 5: The UE continuously applies the applicable joint/DL TCI state(s) for PDSCH reception after receiving a DCI without TCI field.

It has been discussed which TCI state a channel should be associated with, and some alternatives have been agreed for further down-selection. Similarly, it should be specified which TCI state is associated with the PUSCH scheduled by a fallback DCI. Take DCI format 0_0 as an example. As a fallback DCI, DCI format 0_0 has no “SRS resource set indicator” field. For MTRP unified TCI, a UE should be able to follow two UL TCI states within a period of time or follow a single UL TCI state within another period of time. When PUSCH scheduled by a fallback DCI is within a time period applying two UL TCI states, it should be specified which UL TCI state is assumed to be associated with the scheduled PUSCH. To address this, a fixed rule can be followed e.g., PUSCH scheduled by a fallback DCI is always associated with the first UL TCI state.
Proposal 5 When PUSCH scheduled by a fallback DCI is within a time period applying two UL TCI states, the first UL TCI state is used for the PUSCH.

As for now it is still not clear how to associate the indicated TCI state(s) with aperiodic CSI-RS or aperiodic SRS. For example, if two DL/joint TCI states are indicted to UE, it is not clear which TCI state is be associated with aperiodic CSI-RS. And if two UL/joint TCI states are indicted to UE, it is not clear which TCI state is be associated with aperiodic SRS. To eliminate the ambiguities here, an indicator can be introduced to inform the associated TCI state(s) for aperiodic CSI-RS and/or aperiodic SRS. How to convey the indicator can be further studied. As one option, the indicator can be semi-statically configured via RRC signaling, e.g., for periodic or semi-persistent reference signals. As another option, the indicator can be dynamically indicated via DCI signaling, e.g., for aperiodic reference signals.
Proposal 6 It should be considered to introduce an indicator to associate one of the indicated TCI states with aperiodic CSI-RS, and it should be considered to introduce an indicator associate one of the indicated TCI states with aperiodic SRS.

For PUCCH transmission in M-DCI based MTRP in Rel-17, the following was proposed during the pre-RAN1#112 offline email discussion:
	Updated Proposal 3.5: On unified TCI framework extension for M-DCI based MTRP:
· A coresetPoolIndex value is configured per PUCCH resource/resource group, and the UE shall apply the indicated joint/UL TCI state specific to the configured coresetPoolIndex value to the corresponding PUCCH transmission
· FFS: Whether and how to introduce a special rule for PUCCH transmission scheduled by a DCI with DL assignment


To our understanding, regarding PUCCH transmission scheduled by a DCI with DL assignment, UE can perform HARQ-ACK feedback for downlink data transmitted by each TRP in two modes: mode of separate HARQ-ACK feedback and mode of joint HARQ-ACK feedback. If configured with joint feedback mode, UE shall feedback the HARQ-ACKs of two TRPs to one of the two TRPs. If configured with separate HARQ-ACK feedback mode, however, UE shall feedback HARQ-ACK corresponding to different TRP using independent PUCCH resource. Furthermore, UE shall apply the indicated joint/UL TCI state specific to independent HARQ-ACK transmission scheduled by PDCCH on a CORESET that is associated with the same coresetPoolIndex. The association way for PUCCH with separate HARQ-ACK with indicated joint/UL TCI state could be reused in Rel-18.
Proposal 7 On unified TCI framework extension for M-DCI based MTRP, regarding PUCCH transmission scheduled by a DCI with DL assignment, at least for PUCCH with separate HARQ-ACK, UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to HARQ-ACK transmission scheduled by PDCCH on a CORESET that is associated with the same coresetPoolIndex.

Conclusion
Proposal 1 If a subset of TCI state(s) is indicated to UE, and only one DL/joint TCI state and/or only one UL TCI state is in the subset, there are two possible alternatives for UE to use the indicated TCI state. It can be considered to support both alternatives and study when to use a particular alternative.
· Alt 1: To apply the indicated TCI state as the only unified TCI state for downlink or/and uplink. 
· Alt 2: To update the corresponding TCI states currently applied.
Proposal 2 In case that a single indicated TCI state is as the only unified TCI state (i.e., based on Alt 1 in Proposal 1), when MTRP configured grant PUSCH is within a time period applying one UL TCI state, the first SRS resource set and the associated SRI/TPMI are used for all the PUSCH repetitions.
Proposal 3 In case that a single indicated TCI state is as the only unified TCI state (i.e., based on Alt 1 in Proposal 1), when two linked PDCCH candidates for PDCCH repetition are within a time period applying one DL TCI state, the following alternatives should be considered for PDCCH monitoring.
· Alt.1: Both PDCCH candidates are monitored by using the one DL TCI state.
· Alt.2: Only one PDCCH candidate is monitored by using the one DL TCI state, i.e., falling back to PDCCH without repetition.
Proposal 4 For PDSCH reception in S-DCI based MTRP, regarding the default indicated joint/DL TCI state(s) for PDSCH reception scheduled/activated, Alt 5 is preferred, i.e.,
· Alt 5: The UE continuously applies the applicable joint/DL TCI state(s) for PDSCH reception after receiving a DCI without TCI field.
Proposal 5 When PUSCH scheduled by a fallback DCI is within a time period applying two UL TCI states, the first UL TCI state is used for the PUSCH.
Proposal 6 It should be considered to introduce an indicator to associate one of the indicated TCI states with aperiodic CSI-RS, and it should be considered to introduce an indicator associate one of the indicated TCI states with aperiodic SRS.
Proposal 7 On unified TCI framework extension for M-DCI based MTRP, regarding PUCCH transmission scheduled by a DCI with DL assignment, at least for PUCCH with separate HARQ-ACK, UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to HARQ-ACK transmission scheduled by PDCCH on a CORESET that is associated with the same coresetPoolIndex.
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