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Introduction
The unified framework introduced in Rel-17 intends to facilitate streamlined multi-beam transmission/reception. The Rel-18 WID [1] for MIMO evolution for downlink and uplink is approved in RAN#94, and characteristics of unified TCI are further extended from single-TRP (STRP) in Rel-17 to multi-TRP (MTRP).
Some basic issues were discussed in RAN1#109 and RAN1#110 and some agreements were achieved. Based on the objectives listed in Rel-18 WID and agreements, 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 should 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 avoiding repetitive discussion.
In Rel-17, unified TCI framework for single-TRP (STRP) provide optimized performance to support common cases, where a common TCI state can be indicated for transmission or reception, which reduces unnecessary signaling overhead. The common TCI state could be taken from joint or DL TCI state list or from UL TCI state list.
Furthermore, unified TCI framework in Rel-18 is extended to MTRP. Similar to MTRP in Rel-16, appropriate TCI state(s) in Rel-18 still could be selected from the joint or DL TCI state list or/and UL TCI state list to activate/indicate for each of the TRPs. We do not see any convictive benefits to introduce TCI state lists for per TRP, which will add complexity.
So, for Rel-18 RRC-configured TCI state lists, there is no need to configure TCI list for each TRP, instead, it could be a baseline to reuse the Rel-17 design, i.e., one list of joint/DL TCI state(s) and one list of UL TCI state(s) for both TRPs.
Proposal 1 For RRC configured TCI state lists, there is no need to configure TCI list(s) for each TRP, instead, it could be a baseline to reuse the Rel-17 design, i.e., one list of joint/DL TCI state(s) list and one list of UL TCI state(s) for both TRPs.

The unified TCI states are categorized into joint TCI states and separated TCI states. In case where beam correspondence holds, meaning that the beams selected for downlink transmission can also be used for uplink transmission, joint TCI states would be selected for both DL and UL, while in case where beam correspondence does not hold, separate DL and UL TCI state would be selected for DL transmission and UL transmission respectively. For MTRP in Re-18, beam correspondence does not always hold for multiple TRPs or does not always fail for multiple TRPs. Take the MPE issue for example, when one of the two TRPs suffers MPE restriction and the beam correspondence only hold for the other TRP, a pair of separate DL and UL TCI state for the TRP with MPE restriction and a joint TCI state for the other TRP would be needed, which could be called mixed TCI type.
With respect to the potential impacts introduced by mixed TCI states, currently we mainly consider the impacts on RRC signaling and MAC-CE. The RRC parameter ServingCellConfig.mimoParam-r17.unifiedTCI-StateType-r17 could indicate the unified TCI state type the UE is configured for this serving cell, shown in Figure 1-a. For S-DCI based MTRP, if mixed TCI type is supported, a second unifiedTCI-StateType would be needed for the second TRP, with an instance shown in Figure 1-b.
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[bookmark: Figure1_TciType]Figure 1-a RRC Parameter unifiedTCI-StateType
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Figure 1-b Instance of a second unifiedTCI-StateType for S-DCI based MTRP
As for MAC-CE, combinations of mixed TCI states mapped to one codepoint should also be added that include both joint TCI states and separate DL/UL TCI states.
Proposal 2 To allow both joint and separate DL/UL TCI update simultaneously in a same CC/BWP could provide flexibility for MPE issue with acceptable additional complexity.

Based on proposal 2, the following combinations of joint/DL/ UL TCI states that can be indicated in one CC/BWP/TRP could be included:
· 1 joint TCI state indicated for a first TRP in a CC/BWP and 1 pair of DL and UL TCI states indicated for a second TRP in the same CC/BWP
· 1 joint TCI state indicated for a first TRP in a CC/BWP and 1 DL TCI state indicated for a second TRP in the same CC/BWP (Note: MTRP operation is configured only for DL in this case)
· 1 joint TCI state indicated for a first TRP in a CC/BWP and 1 UL TCI state indicated for a second TRP in the same CC/BWP (Note: MTRP operation is configured only for UL in this case)
Proposal 3 [bookmark: _Hlk115165109]If both joint and separate DL/UL TCI update in a same CC/BWP are supported, the following combinations of joint/DL/ UL TCI states that can be indicated in one CC/BWP/TRP could be included:
· 1 joint TCI state indicated for a first TRP in a CC/BWP and 1 pair of DL and UL TCI states indicated for a second TRP in the same CC/BWP
· 1 joint TCI state indicated for a first TRP in a CC/BWP and 1 DL TCI state indicated for a second TRP in the same CC/BWP (Note: MTRP operation is configured only for DL in this case)
· 1 joint TCI state indicated for a first TRP in a CC/BWP and 1 UL TCI state indicated for a second TRP in the same CC/BWP (Note: MTRP operation is configured only for UL in this case)

For MDCI based MTRP in Rel-16, the new introduced higher layer parameter coresetPoolIndex could be used to differentiate CORESETs of the two TRPs. It could be used to associate TCI state with a value of coresetPoolIndex with CORESET with the same value of coresetPoolIndex, i.e., the CORESET belongs to its corresponding TRP. And when certain conditions are met, DMRS ports of PDSCH with a value of coresetPoolIndex are quasi-located with RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of a certain CORESET configured with the same value of coresetPoolIndex. The method to differentiate TRPs in M-DCI based MTRP can be straightforward and naturally extended to Rel-18 unified TCI framework for MTRP. In addition, other channels/signals can also be associated to one of TRPs according to coresetPoolIndex. And for each of the TRPs corresponding to one value of coresetPoolIndex, the TCI state indication method in Rel-17 could be reused in Rel-18, which would result in less spec impacts. Using the current method may result in less spec impact and we do not think there is enough necessity to introduce extra alternatives.
In our consideration, the case where indicated TCI states need to be associated with another coresetPoolIndex mostly happens when the link from one of the TRPs is blocked. But switching from MTRP to STRP can also cope with this situation, so we don’t see the necessity to associate the indicated TCI states with another coresetPoolIndex.
Proposal 4 On unified TCI framework extension for M-DCI based MTRP, use the existing TCI field in a 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) associated with the same coresetPoolIndex value, instead of possibly with another coresetPoolIndex value.

There are different combinations of indicated TCI states for MTRP, and up to 2 sets of TCI states (TCI set) can be indicated and applied in a CC/BWP. If the TCI set for one TRP is {joint TCI state} or {a pair of DL and UL TCI states} (let’s call it full TRP set temporarily), the QCL reference for DL and UL transmission is both provided. But the indicated TCI states for one TRP are not always of a full TCI set, or even not for both the TRPs, i.e., the combinations might be:
· a pair of DL and UL TCI states + a DL TCI state
· a pair of DL and UL TCI states + a UL TCI state
· a joint TCI state + a DL TCI state
· a joint TCI state + a UL TCI state
· a joint TCI state
· a DL/UL TCI state
· a DL TCI state + a UL TCI state
So, if the TCI set is not full, the QCL reference for the DL or/and UL transmission for which no TCI state is indicated of one TRP needs to be specified. To still apply the previously indicated TCI state for the link that no TCI state is indicated this time could be a good choice.
Proposal 5 If the TCI states update at a time corresponding to one TRP is not {a joint TCI state} or {a pair of DL and UL TCI states}, the UE will still apply the previously indicated TCI states that are not indicated this time.

As for now it is not clear how to associate the indicated TCI state(s) with CSI-RS or SRS. For example, if two DL or UL TCI states are indicated, which TCI state(s) is to be associated with CSI-RS or SRS is unclear. To avoid any ambiguity, an indicator can be introduced to inform the associated TCI state(s) for CSI-RS or 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 On how to associate the indicated TCI state(s) with CSI-RS and SRS, it should be considered to introduce an indicator for CSI-RS and SRS. 

In the RAN1#110 meeting, the following agreements have been achieved on how to associate the indicated TCI states with PDCCH, PUSCH and PUCCH [2]. 
	Agreement
On unified TCI framework extension for S-DCI based MTRP, to inform the association with the joint/DL TCI state(s) indicated by DCI/MAC-CE for PDCCH repetition, PDCCH-SFN, and PDCCH w/o repetition/SFN, down-selection at least one alternative from the followings:
· Alt1-1: Use RRC parameter(s) in a CORESET configuration to inform the UE whether and/or which indicated joint/DL TCI state(s) shall be applied to the corresponding PDCCH receptions on the CORESET
· FFS: Whether only the CORESET(s) that always/can share the unified TCI state as defined in Rel-17 unified TCI framework can be associated with the joint/DL TCI state(s) indicated by DCI/MAC-CE
· Alt1-2: Use an RRC parameter in a CORESET configuration to inform that the CORESET belongs to which CORESET group(s), and the indicated joint/DL TCI state(s) is associated with each CORESET group
· FFS: Whether only the CORESET(s) that always/can share the unified TCI state as defined in Rel-17 unified TCI framework can be associated with the CORESET group(s)
· FFS: How to associate the indicated joint/DL TCI state(s) with each CORESET group
· FFS: The UE applies the indicated joint/DL TCI state(s) to a CORESET according to the CORESET group(s) the CORESET belongs to, or the UE applies the indicated joint/DL TCI state(s) associated with the CORESET group(s) in which the beam indication DCI is received to all PDCCH receptions
· Alt2: The association between a CORESET and the indicated joint/DL TCI state(s) is determined based on a fixed rule, and the UE shall apply the indicated joint/DL TCI state(s) to the corresponding PDCCH receptions on the CORESET
· FFS: Whether only the CORESET(s) that always/can share the unified TCI state as defined in Rel-17 unified TCI framework can be associated with the joint/DL TCI state(s) indicated by DCI/MAC-CE
· Alt3: Use MAC-CE to inform the UE whether and/or which indicated joint/DL TCI state(s) shall be applied to the corresponding PDCCH receptions on a CORESET
· FFS: Whether only the CORESET(s) that always/can share the unified TCI state as defined in Rel-17 unified TCI framework can be associated with the joint/DL TCI state(s) indicated by DCI/MAC-CE
Switching between multi-TRP and single TRP operation is not precluded
Agreement
On unified TCI framework extension for S-DCI based MTRP, for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2, down-selection one alternative from the followings:
· Alt1: Use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in a DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2
· Alt2: PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 follows the spatial domain transmission filter(s) used for the SRS resource(s) indicated by the DCI format 0_1/0_2
· Alt3: Use an RRC parameter in a CORESET configuration to inform that the CORESET belongs to which CORESET group(s), and the indicated joint/UL TCI state(s) is associated with each CORESET group. When a scheduling/activation DCI format 0_1/0_2 is received in a CORESET group, the indicated joint/UL TCI state(s) associated with the CORESET group is applied to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2
· FFS: Details of CORESET group(s)
FFS: PUSCH transmission scheduled/activated by a DCI format 0_0 and Type-1 CG-PUSCH

Agreement
On unified TCI framework extension for S-DCI based MTRP, to inform the association with joint/UL TCI state(s) indicated by DCI/MAC-CE for PUCCH transmission, down-selection at least one alternative from the followings:
· Alt1: Use RRC configuration to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/ group
· Alt2: Use RRC configuration to inform the association between a CORESET group and a PUCCH resource/group, and the indicated joint/UL TCI state(s) associated with the CORESET group applies to the PUCCH resource/group
· Alt3: Use MAC-CE to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group
· Alt4: Use DCI to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group


For each target channel, multiple alternatives have been listed for further down-selection. In the following, we show our preference for each channel. 
For PDCCH, Alt1-1 and Alt2 are preferred. For Alt1-1, it is configured by RRC signaling which TCI state(s) is applied to a CORESET. For most of the cases, Alt1-1 is expected to work well. However, for some cases, Alt2 (a fixed rule) may be additionally applied. Take PDCCH repetition as an example. Based on Alt1-1, it is assumed that the 1st and 2nd CORESETs are configured to be associated with the 1st and 2nd indicated TCI states respectively. However, if only a single TCI state is indicated, it is not clear whether the single TCI state is treated as the 1st or the 2nd TCI state and how PDCCH repetition is performed. In this case, Alt2 (a fixed rule) can be applied, e.g., by assuming two CORESETs are both associated with the single indicated TCI state.
For PUSCH, Alt1 is preferred. For Alt1, an indicator filed will be used to inform which TCI state(s) is applied to PUSCH. In our view, it follows the principle of MTRP PUSCH where a SRS resource set indicator is used to indicate which SRS resource set(s) is associated with PUSCH. By associating a SRS resource set with a TCI state, the similar design can be leveraged to support the association between the indicated TCI state(s) and PUSCH.
For PUCCH, Alt1 is preferred. For Alt1, it is configured by RRC signaling which TCI state(s) is applied to a PUCCH resource. In this case, the configuration only informs which TCI state(s) is applied. Still, the TCI state itself can be indicated dynamically by DCI. Therefore, the TCI state can be still dynamically updated. Since a PUCCH resource can be dynamically indicated, dynamic switching between STRP PUCCH and MTRP PUCCH can be achieved correspondingly. 
Proposal 7 On how to associate the indicated TCI state(s) with each target channel, it should be considered to support the follows.
· For PDCCH, Alt1-1 and Alt2 are supported.
· Alt1-1: Use RRC parameter(s) in a CORESET configuration to inform the UE whether and/or which indicated joint/DL TCI state(s) shall be applied to the corresponding PDCCH receptions on the CORESET.
· Alt2: The association between a CORESET and the indicated joint/DL TCI state(s) is determined based on a fixed rule, and the UE shall apply the indicated joint/DL TCI state(s) to the corresponding PDCCH receptions on the CORESET.
· For PUSCH, Alt1 is supported.
· Alt1: Use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in a 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.
· For PUCCH, Alt1 is supported.
· Alt1: Use RRC configuration to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/ group.

For MTRP unified TCI, a UE should be able to dynamically switch between following two indicated UL/DL TCI states and following a single indicated UL/DL TCI state. For dynamically scheduled PUSCH and PDSCH, they can be well adapted to the varying number of the indicated TCI states based on DCI signaling. However, for configured grant PUSCH and PDCCH, the number of the required TCI states is determined in a semi-static manner (configured by RRC) and thus cannot dynamically vary with the number of the indicated TCI states. For configured grant PUSCH and PDCCH, it can happen that the number of the required TCI states is different from that of the indicated TCI states. If this kind of mismatch occurs, how to transmit configured grant PUSCH and receive PDCCH based on the indicated TCI states should be addressed. In the following, we share the discussions on some mismatch cases.


[bookmark: _Ref101289705]Figure 2. An example of two SRS resource sets and the associated TX parameters

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 2. 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 8 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.



Figure 3. An example of PDCCH reception within a time period of one DL TCI state for PDCCH repetition

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 3 (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 3 (Alt.2).
Proposal 9 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.

Conclusion
Proposal 1 For RRC configured TCI state lists, there is no need to configure TCI list(s) for each TRP, instead, it could be a baseline to reuse the Rel-17 design, i.e., one list of joint/DL TCI state(s) list and one list of UL TCI state(s) for both TRPs.
Proposal 2 To allow both joint and separate DL/UL TCI update simultaneously in a same CC/BWP could provide flexibility for MPE issue with acceptable additional complexity.
Proposal 3 If both joint and separate DL/UL TCI update in a same CC/BWP are supported, the following combinations of joint/DL/ UL TCI states that can be indicated in one CC/BWP/TRP could be included:
· 1 joint TCI state indicated for a first TRP in a CC/BWP and 1 pair of DL and UL TCI states indicated for a second TRP in the same CC/BWP
· 1 joint TCI state indicated for a first TRP in a CC/BWP and 1 DL TCI state indicated for a second TRP in the same CC/BWP (Note: MTRP operation is configured only for DL in this case)
· 1 joint TCI state indicated for a first TRP in a CC/BWP and 1 UL TCI state indicated for a second TRP in the same CC/BWP (Note: MTRP operation is configured only for UL in this case)
Proposal 4 On unified TCI framework extension for M-DCI based MTRP, use the existing TCI field in a 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) associated with the same coresetPoolIndex value, instead of possibly with another coresetPoolIndex value.
Proposal 5 If the TCI states update at a time corresponding to one TRP is not {a joint TCI state} or {a pair of DL and UL TCI states}, the UE will still apply the previously indicated TCI states that are not indicated this time.
Proposal 6 On how to associate the indicated TCI state(s) with CSI-RS and SRS, it should be considered to introduce an indicator for CSI-RS and SRS. 
Proposal 7 On how to associate the indicated TCI state(s) with each target channel, it should be considered to support the follows.
· For PDCCH, Alt1-1 and Alt2 are supported.
· Alt1-1: Use RRC parameter(s) in a CORESET configuration to inform the UE whether and/or which indicated joint/DL TCI state(s) shall be applied to the corresponding PDCCH receptions on the CORESET.
· Alt2: The association between a CORESET and the indicated joint/DL TCI state(s) is determined based on a fixed rule, and the UE shall apply the indicated joint/DL TCI state(s) to the corresponding PDCCH receptions on the CORESET.
· For PUSCH, Alt1 is supported.
· Alt1: Use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in a 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.
· For PUCCH, Alt1 is supported.
· Alt1: Use RRC configuration to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/ group.
Proposal 8 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 9 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.
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