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1 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 agreements have been reached in the few past meetings, and we will share some further considerations on unified TCI framework for MTRP.
2 Discussion
In our consideration, to keep a clean design on the premise of meeting new requirements, 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 adopted in Rel-18 to avoid repetitive discussion, which we believe should be one of the basic principles for design of unified TCI framework extension 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, a full set of TCI states for the two pairs of downlink and uplink corresponding to two TRPs might not be always indicated by DCI. For a serving cell configured with joint DL/UL TCI mode, if the UE receives a TCI codepoint mapped with a sub-set of {first joint TCI state, second joint TCI state} or {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state}, it has been agreed that the UE shall update the first/second indicated joint/DL/UL TCI state(s) according to the first/second joint/DL/UL TCI state(s) in the subset and keep other indicated first/second joint/DL/UL TCI state(s) that is not updated by the received TCI codepoint [2]. It is necessary to clarify how to determine a CC is working in Rel-18 S-DCI based MTRP operation, considering UE might be working in STRP operation if it is always indicated with TCI states for single TRP. Two alternatives are provided in last meeting [3]:
	How to configure/determine that a CC is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP:
· Alt1: A CC is operated in if a TCI state activation command (MAC-CE) that activates at least one TCI codepoint mapped with more than one join TCI states, more than one DL TCI states, or more than one UL TCI states is received and applied in the CC
· Alt2: A CC is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP if a Rel-18 TCI state activation command (MAC-CE) for S-DCI based MTRP operation (which is different from the TCI state activation command (MAC-CE) for Rel-17 unified TCI framework) is received and applied in the CC


If a CC is operated in S-DCI based MTRP operation, we think UE expects to have two TCI states to maintain, no matter whether the two TCI states are indicated by DCI or activated by MAC-CE, especially after the first time the UE receives a TCI state activation command (MAC-CE) or receives a DCI with TCI field. In this sense, there is not much difference between Alt1 and Alt2. But Alt1 could provide a smooth extension from Rel-17 to Rel-18 to switch between STRP and MTRP by activation of TCI states. So Alt1 is preferred.
Proposal 1 [bookmark: _Hlk127536372]On how to configure/determine that a CC is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP, Alt1 is preferred, i.e.,
· Alt1: A CC is operated in if a TCI state activation command (MAC-CE) that activates at least one TCI codepoint mapped with more than one join TCI states, more than one DL TCI states, or more than one UL TCI states is received and applied in the CC

For a CC list, such as higher layer parameter simultaneousU-TCI-UpdateListN, it is assumed that when UE is configured with a TCI state pool with activated TCI states in any CC in the CC list, the beam indication DCI the UE receives could provide beam indication for any other CC(s) in the CC list, which will reduce the overhead for TCI state configuration for both STRP and MTRP. The CC list for extended unified TCI framework is also discussed in last meeting [2]: 
	Agreement 
On unified TCI framework extension, support the following cases for CA operation:
· A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in S-DCI based MTRP
· A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in M-DCI based MTRP
· FFS: A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in STRP and CC(s) operating in S-DCI based MTRP
· FFS: How to support common TCI state ID activation/update for this case
· FFS: A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in STRP and CC(s) operating in M-DCI based MTRP
· FFS: How to support common TCI state ID activation/update for this case
· FFS: A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in S-DCI based MTRP and CC(s) operating in M-DCI based MTRP
· FFS: How to support common TCI state ID activation/update for this case
· FFS: A set of CCs configured for common TCI state ID activation/update can include CC(s) operating in STRP, CC(s) operating in S-DCI based MTRP, and CC(s) operating in M-DCI based MTRP
FFS: How to support common TCI state ID activation/update for this case


As for the first FFS, if a CC list is comprised of a mix of STRP CC(s) and S-DCI based MTRP CC(s), the UE is somewhat free to be configured to work in STRP or MTRP mode within one CC group (list). Besides this, a mixed CC list could allow for more flexible CC combinations within one CC list by removing the limitation imposed on CCs in the list, which could also reduce the overhead for CC grouping.
Proposal 2 For the flexibility and overhead reduction, a set of CCs configured for common TCI state ID activation/update consisting of CC(s) operating in STRP and CC(s) operating in S-DCI based MTRP should be supported.

For the case that a set of CCs is configured for common TCI state ID activation/update including CC(s) operating in STRP and CC(s) operating in S-DCI based MTRP, we think a default rule could be used to update the TCI state activation/update for the CCs in the mixed CC list. Specifically, if the reference CC is a STRP CC, only one DL/joint/UL TCI state will be activated/indicated, and for a STRP CC#1, just update the corresponding DL/joint/UL TCI state of CC#1; for a MTRP CC#2, however, use the activated/indicated TCI state on the reference CC to update the 1st DL/joint/UL TCI state on CC#2 while keeping the 2nd DL/joint/UL TCI state unchanged, as shown in Figure 1-a.


[bookmark: Figure1_a]Figure 1-a An illustration of TCI state activation/update when reference CC is a STRP CC
Similarly, if the reference CC is a MTRP CC, two DL/joint/UL TCI states might be activated/indicated. For a MTRP CC#3, just update the corresponding DL/joint/UL TCI state(s) of CC#3; for a STRP CC#4, use the 1st activated/indicated DL/joint/UL TCI state to update the DL/joint/UL TCI state on CC#4, as shown in Figure 1-b.


Figure 1-b An illustration of TCI state activation/update when reference CC is a MTRP CC
Proposal 3 For a CC list consisting of CC(s) operating in STRP and CC(s) operating in S-DCI based MTRP, use a fixed rule to activate/update the TCI state, i.e.,
· If the reference CC is a STRP CC, use the activated/indicated TCI state on the reference CC to update the 1st DL/joint/UL TCI state a MTRP CC while keeping the 2nd DL/joint/UL TCI state unchanged
· If the reference CC is a MTRP CC, use the 1st activated/indicated DL/joint/UL TCI state on the reference CC to update the DL/joint/UL TCI state on a STRP CC

On the reception of DSCH scheduled/activated by DCI format 1_1/1_2 if the [TCI selection field] is not present in DCI format 1_1/1_2, two candidate proposals are given [3]:
	Proposal 3.2.A (Both): On unified TCI framework extension for S-DCI based MTRP, for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, above applies regardless of the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception
· If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above applies when the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold

Proposal 3.2 (RRC): On unified TCI framework extension for S-DCI based MTRP, for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field], using RRC configuration to inform that the UE shall apply the first, the second, or both indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, above applies regardless of the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception
· If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above applies when the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold


Considering the Rel-18 TCI framework are mainly targeted for MTRP operation, if the TCI selection field is absent in DCI format 1_1/1_2, which is configured by RRC, beam selection for PDSCH reception is not needed for this case, it is reasonable to use two beams for PDSCH reception by default, which could also decrease the complexity of signalling. Therefore, Proposal 3.2.A is preferred.
Proposal 4 On unified TCI framework extension for S-DCI based MTRP, for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, above applies regardless of the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception
· If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above applies when the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold

The newly added TCI selection field provides schemes for PDSCH’s beam selection under certain conditions based on value of the 2-bit TCI selection field. However, in case that UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, UE’s behaviour before a time threshold and the value of time value are still FFS. To our understanding, the time threshold mentioned here is mainly aimed to ensure that UE has already decoded DCI and obtained parameters related to TCI state(s) at least. The higher layer parameter timeDurationForQCL introduced since Rel-15 is also a time threshold based on UE capability which defines minimum time interval required by UE to perform PDCCH reception and applying (legacy) TCI state(s) indicated in PDCCH. The value of timeDurationForQCL could guarantee that UE has indeed decoded DCI and obtained TCI parameters. So we think reusing parameter timeDurationForQCL as the time threshold for the TCI selection field to take effect is able to meet the needs in aforementioned agreement.
Proposal 5 In case that the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, the parameter timeDurationForQCL should be reused as the time threshold for the TCI selection field.

On the timeline to update the indicated joint/DL/UL TCI state(s), the following agreement is given [2]:
	Agreement 
On unified TCI framework extension, the Rel-17 timeline for updating the indicated joint/DL/UL TCI state(s) is retained, i.e., the indicated joint/DL/UL TCI state(s) applied to the DL reception or UL transmission in each slot is updated based on the Rel-17 beam application time


A problem arises here, how to apply the indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception if the scheduling offset is less than a threshold (say, timeDurationForQCL for example) in FR2 in the case that the UE doesn’t support the capability of two default beams for S-DCI based MTRP, which is also the FFS in the agreement in [2]. If only one DL/joint TCI state is applied before the new beam indication DCI, it is natural to continue applying the TCI state before the time threshold. If two DL/joint TCI states are applied before the new beam indication DCI, however, UE’s behavior for PDSCH reception is unclear. A straightforward way is to apply the first of the two indicated TCI states by default which are already applied. Therefore, our proposal is given below.
Proposal 6 In the case that UE doesn’t support the capability of two default beams for S-DCI based MTRP, on how to apply the indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception if the scheduling offset is less than a threshold in FR2, a straightforward rule could be used, i.e.,
· if only one DL/joint TCI state is applied before the beam indication DCI, continue applying the TCI state before the time threshold
· if two DL/joint TCI states are applied before the beam indication DCI, apply the first indicated TCI states currently applied by default

Regarding the reception of PDSCH scheduled/activated by a fallback DCI (including DG and SPS), it is necessary to keep the rule of reception as simple. Hence, a default rule to receive PDSCH scheduled/activated by DCI format 1_0 should be considered, i.e., just to apply the 1st indicated TCI state to determine the beam indication for this case.
Proposal 7 For S-DCI based PDSCH scheduled/activated by DCI format 1_0, the UE shall apply the first indicated joint/DL TCI state to PDSCH reception scheduled/activated by DCI format 1_0.

Regarding how to inform UE which indicated TCI state(s) that UE shall apply to SRS, two alternatives are given [3]:
	Proposal 3.8.A: On unified TCI framework extension for S-DCI based MTRP, down-select one alternative from the followings in RAN1#113 meeting:
· Alt1: For a P/SP/AP SRS resource set for CB/NCB/AS or an AP SRS resource set for BM, if the SRS resource set is configured to follow unified TCI state, an RRC configuration can be provided to the SRS resource set to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the SRS resource set
· Alt2: If two P/SP/AP SRS resource sets for CB/NCB are configured and the two SRS resource sets for CB/NCB are configured to follow unified TCI state, the UE shall apply the first indicated joint/UL TCI state to the first SRS resource set for CB/NCB (the one with lower resource set ID) and the second indicated joint/UL TCI state to second SRS resource set for CB/NCB. Otherwise, for a P/SP/AP SRS resource set for CB/NCB/AS or an AP SRS resource set for BM, if the SRS resource set is configured to follow unified TCI state, an RRC configuration can be provided to the SRS resource set to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the SRS resource set.


To our understanding, we don’t think the additional rule for special case in Alt2 is needed. The RRC configuration in Alt1 could cover the special case in Alt2 that two P/SP/AP SRS resource sets for CB/NCB are configured. Furthermore, the new rule in Alt2 ignores the RRC configuration for SRS, which might cause a waste of signalling, that is, since the association between SRS and TCI state is configured per SRS resource set, why not use it? We do not see the reason to introduce a new rule for the case of two P/SP/AP SRS resource sets.
Proposal 8 For S-DCI based SRS for CB/NCB/AS and AP SRS for BM, Alt1 is preferred, i.e.,
· Alt1: For a P/SP/AP SRS resource set for CB/NCB/AS or an AP SRS resource set for BM, if the SRS resource set is configured to follow unified TCI state, an RRC configuration can be provided to the SRS resource set to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the SRS resource set

3 Conclusion
Proposal 1 On how to configure/determine that a CC is operated in Rel-18 unified TCI framework extension for S-DCI based MTRP, Alt1 is preferred, i.e.,
· Alt1: A CC is operated in if a TCI state activation command (MAC-CE) that activates at least one TCI codepoint mapped with more than one join TCI states, more than one DL TCI states, or more than one UL TCI states is received and applied in the CC
Proposal 2 For the flexibility and overhead reduction, a set of CCs configured for common TCI state ID activation/update consisting of CC(s) operating in STRP and CC(s) operating in S-DCI based MTRP should be supported.
Proposal 3 For a CC list consisting of CC(s) operating in STRP and CC(s) operating in S-DCI based MTRP, use a fixed rule to activate/update the TCI state, i.e.,
· If the reference CC is a STRP CC, use the activated/indicated TCI state on the reference CC to update the 1st DL/joint/UL TCI state a MTRP CC while keeping the 2nd DL/joint/UL TCI state unchanged
· If the reference CC is a MTRP CC, use the 1st activated/indicated DL/joint/UL TCI state on the reference CC to update the DL/joint/UL TCI state on a STRP CC
Proposal 4 On unified TCI framework extension for S-DCI based MTRP, for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2, above applies regardless of the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception
· If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above applies when the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold
Proposal 5 In case that the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, the parameter timeDurationForQCL should be reused as the time threshold for the TCI selection field.
Proposal 6 In the case that UE doesn’t support the capability of two default beams for S-DCI based MTRP, on how to apply the indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception if the scheduling offset is less than a threshold in FR2, a straightforward rule could be used, i.e.,
· If only one DL/joint TCI state is applied before the beam indication DCI, continue applying the TCI state before the time threshold
· If two DL/joint TCI states are applied before the beam indication DCI, apply the first indicated TCI states currently applied by default
Proposal 7 For S-DCI based PDSCH scheduled/activated by DCI format 1_0, the UE shall apply the first indicated joint/DL TCI state to PDSCH reception scheduled/activated by DCI format 1_0.
Proposal 8 For S-DCI based SRS for CB/NCB/AS and AP SRS for BM, Alt1 is preferred, i.e.,
· Alt1: For a P/SP/AP SRS resource set for CB/NCB/AS or an AP SRS resource set for BM, if the SRS resource set is configured to follow unified TCI state, an RRC configuration can be provided to the SRS resource set to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the SRS resource set
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