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1. Introduction
In this contribution, we discuss some issues related to unified TCI framework extension for multiple-TRP scenario. In Rel-18 MIMO WID [1], RAN Plenary has agreed to specify extension of Rel-17 unified TCI to indicate multiple DL and UL TCI states. The target use case is multi-TRP scenario. In previous RAN1 meetings [2] [3], RAN1 has made some agreements with respect to beam indication and beam association with channels/RSs, as shown in the followings. In subsequent sections, we discuss and provide our opinions on these related issues. 
	RAN1 #111
Agreement
On unified TCI framework extension for S-DCI based MTRP, use RRC configuration to inform that the UE shall apply the first one, the second one, or both of the indicated joint/UL TCI states to a PUCCH resource/group
· Note: Detail of the RRC configuration is left to RAN2 design

Agreement
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

Agreement
On unified TCI framework extension for M-DCI based MTRP, the same configuration/rule used in Rel-17 unified TCI framework (for determining whether the UE shall apply the indicated joint/DL TCI state to PDCCH on a CORESET and respective PDSCH) is reused to determine whether the UE shall apply the indicated joint/DL TCI state specific to a coresetPoolIndex value to PDCCH on a CORESET associated with the same coresetPoolIndex value and PDSCH scheduled/activated by the PDCCH.

Agreement
On unified TCI framework extension for M-DCI based MTRP, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to PUSCH transmission scheduled/activated by PDCCH (including DG-PUSCH and Type2 CG-PUSCH) on a CORESET that is associated with the same coresetPoolIndex value

Agreement
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

RAN1 #112b(e)
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

Agreement
On unified TCI framework extension for S-DCI based MTRP, the UE shall apply the first indicated joint/UL TCI state to PUSCH transmission(s) scheduled/activated by DCI format 0_0 (including DG and Type2 CG)

Agreement
On unified TCI framework extension for S-DCI based MTRP, PDSCH-CJT Tx scheme is RRC-configured, and dynamic switching between PDSCH-CJT and other S-DCI based PDSCH Tx schemes is not supported

Agreement
On unified TCI framework extension for S-DCI based MTRP, the presence of the [TCI selection field] can be RRC-configured per DL BWP
· FFS: Whether the presence of the [TCI selection field] can be configured individually for DCI format 1_1 and DCI format 1_2 in the same DL BWP

Agreement
On unified TCI framework extension for S-DCI based MTRP operation, support the followings:
· For a serving cell configured with joint DL/UL TCI mode, a full-set or any sub-set of {first joint TCI state, second joint TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)
· For a serving cell configured with separate DL/UL TCI mode, a full-set or any sub-set of {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state} can be mapped to a TCI codepoint of the existing TCI field in a DCI format 1_1/1_2 by TCI state activation command (MAC-CE)
· TCI state activation command (MAC-CE) should indicate that each joint/DL/UL TCI state mapped to a TCI codepoint is the first or second joint/DL/UL TCI state (detail on how to indicate above is up to RAN2 design)
· The first/second indicated joint/DL/UL TCI state(s) is updated according to the corresponding first/second joint/DL/UL TCI state(s) mapped to the TCI codepoint received by the UE
· 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}, 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

Conclusion
On unified TCI framework extension for S-DCI based MTRP, there is no consensus in RAN1 on whether to reuse the Rel-17 RRC parameter followUnifiedTCIstate as a part of the RRC configuration that informs the UE shall apply the first one, the second one, both, or none of the indicated joint/DL TCI states to a CORESET
· Above does not impact how RAN2 writes their specifications 

Agreement
On unified TCI framework extension for M-DCI based MTRP, an RRC configuration is provided to a Type1 CG configuration to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the corresponding CG-PUSCH transmission, where the first and the second indicated joint/DL TCI states correspond to the indicated joint/UL TCI states specific to coresetPoolIndex value 0 and value 1, respectively.





2. Discussion
In RAN1#112b(e), RAN1 has discussed enhancement for beam update after NW response to TRP-specific BFR request. In the end, we had the following agreement for M-DCI MTRP scenario. 
	Agreement
On unified TCI framework extension for M-DCI based MTRP , after NW response to TRP-specific BFR request to a BFD-RS set associated with a coresetPoolIndex value, QCL assumption/spatial Tx filter/PL-RS for channel(s)/signal(s) that applies the indicated joint/DL /UL TCI state specific to the coresetPoolIndex value are updated according to the new beam (q new ) corresponding to the BFD-RS set. 



For M-DCI MTRP, we agreed that automatic beam update can be performed after successfully BFR. We believe there should be no barrier from supporting the same behaviour for S-DCI MTRP. In Rel-18 unified TCI, the relation between indicated TCI and TRP can be observed from whether it is first TCI or second TCI, which would be helpful for performing automatic beam update after successful BFR. Hence, we propose the following. 
Proposal 1: On unified TCI framework extension for S-DCI based MTRP, support automatic beam update after receiving NW response to TRP-specific BFR request. 
Over previous RAN1 meetings, we had several debates on common TCI state ID activation/update for a CC list comprised of a mix of STRP CC(s) and MTRP CC(s), which may include any combinations from STRP CC(s), S-DCI MTRP CC(s) and M-DCI MTRP CC(s). In last RAN1 meeting, we had the following agreement.  
	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



We actually see the benefits of flexibility and signalling overhead reduction. However, we also understand there could be complexity concern on a CC list including STRP CC(s), S-DCI MTRP CC(s) and M-DCI MTRP CC(s), which can be still left to FFS. Therefore, we suggest the following. 
Proposal 2: 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 STRP and 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 STRP and CC(s) operating in M-DCI based MTRP
· 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: 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
Meanwhile, there was a related issue raised in last meeting, that is, reference TCI state list configuration. In Rel-17, we have introduced reference TCI state list configuration in a CC, and allowed other CCs to refer it, which reduces RRC signalling overhead for configuring multiple TCI state lists among CCs. In Rel-18, it should be natural to support reference TCI state list configuration as well. However, one issue is whether to allow a CC operating in STRP can apply the TCI state configuration(s) from a reference CC operating in MTRP, or a CC operating in MTRP can apply the TCI state configurations from a reference CC operating in STRP. In our views, there is no harm to support such flexibility. And the signalling overhead reduction from RRC configured TCI list can be more significant from common TCI state ID activation/update for a CC list. With that said, we propose the followings. 
Proposal 3: On unified TCI framework extension, support the following cases for CA operation
· A CC operating in STRP can apply the TCI state configuration(s) from a reference CC operating in MTRP
· A CC operating in MTRP can apply the TCI state configurations from a reference CC operating in STRP
In RAN1#112b(e), we discussed how to determine selection of indicated TCI state for PUCCH in M-DCI MTRP. In the end, we agreed to at least support RRC configuration for indicating whether UE shall apply the first or the second indicated joint/UL TCI state for a PUCCH transmission. 
	Agreement
On unified TCI framework extension for M-DCI based MTRP, support at least Opt2 for PUCCH transmission, and Opt1 is not supported
· Note: Opt3 and Opt4 are not precluded



However, there are still some special cases needed to be concluded, e.g., PUCCH transmission carrying HARQ-ACK and PUCCH-SR for per-TRP BFR. Regarding PUCCH transmission carrying HARQ-ACK, we do not think it is needed to have special rule on it. PUCCH resource for HARQ-ACK can be determined by NW, and NW can select the PUCCH resource with proper indicated TCI state for HARQ-ACK transmission. For PUCCH-SR, we do not think special rule is needed either. We recall in Rel-17, we did not specify spatial relation information for PUCCH-SR(s). We only specified relation of PUCCH-SR and BFD-RS set. It is unclear to us why it is crucial to have special rule on PUCCH-SR in Rel-18. 
Proposal 4: On unified TCI framework extension for M-DCI based MTRP, for PUCCH transmission, do not support additional rule, i.e., Opt3 and Opt4 are not supported
In last meeting, we agreed an RRC configuration to indicate that the UE shall apply the first or the second indicated joint/DL TCI state to the CSI-RS resource if the aperiodic CSI-RS resource set for CSI/BM is configured to follow unified TCI state. The RRC configuration can be per ‘CSI-RS resource set’ or ‘per CSI-RS resource’ is up to UE capability as quoted below. 
	Agreement
On unified TCI framework extension for S-DCI based MTRP, an RRC configuration can be provided in CSI-AssociatedReportConfigInfo of CSI-AperiodicTrigger State for each CSI-RS resource set or for each CSI-RS resource in each aperiodic CSI-RS resource set to inform that the UE shall apply the first or the second indicated joint/DL TCI state to the CSI-RS resource if the aperiodic CSI-RS resource set for CSI/BM is configured to follow unified TCI state
· Above applies at least if the offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in the aperiodic CSI-RS resource set is equal to or larger than a threshold (if the threshold is needed)
· FFS: If the UE is configured for CSI-RS resource set, for an aperiodic CSI-RS resource set configured with two Resource Groups for NCJT CSI and configured to follow unified TCI state, if above RRC configuration is not provided to the aperiodic CSI-RS resource set, the UE shall apply the first indicated joint/DL TCI state to the CSI-RS resource(s) in Group 1 and the second indicated joint/DL TCI state to the CSI-RS resource(s) in Group 2.
· ‘per CSI-RS resource set’ or ‘per CSI-RS resource’ is up to UE capability



Regard the FFS in the above agreement, we still fail to see the necessity. It can already be addressed by setting the RRC configuration as per CSI-RS resource set. We think what’s more important is to study/specify default beam issue for AP CSI-RS. So, we propose the following proposals. 
Proposal 5: On unified TCI framework extension for S-DCI based MTRP, for AP CSI-RS, do not support additional rule for determining which joint/DL TCI state to apply. 
Proposal 6: Study how to determine default beam for AP CSI-RS if the triggering offset is below a threshold. 
On beam indication for S-DCI based M-TRP PDSCH, RAN1 has had several debates on how to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception. In RAN1#111, we finally agreed that a new indicator field is introduced to inform UE which indicated TCI state(s) to be applied for PDSCH. From what we have agreed, network has the flexibility to decide whether to enable DCI signalling for dynamic indication for beam association. If the new indicator field is configured, it can indicate which indicated TCI state to apply for PDSCH reception. 
	RAN1 #112
Agreement
On unified TCI framework extension for S-DCI based MTRP, down-select at least one of the followings for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured w/o the [TCI selection field]:
· Alt1: Using RRC configuration to inform that the UE shall apply the first one, the second one, or both of two indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· Alt2: The UE shall apply the first one of two indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception
· Alt3: The UE shall apply both of two indicated joint/DL TCI states to the scheduled/activated PDSCH reception
· Alt3A: The UE shall apply the same joint/DL TCI state(s) that is applied to the PDCCH reception with the scheduling/activation DCI to the scheduled/activated PDSCH reception
· Alt4: Which indicated joint/DL TCI state(s) is/are applied to the scheduled/activated PDSCH reception is determined according to the existing TCI field of the most recently applied beam indication DCI
Above applies at least if 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 (if the threshold is needed)



However, as quoted above, an open issue is that how to determine the default indicated TCI state when the new indicator field is absent. Another one related issue is how to apply the indicated joint/DL TCI state(s) to PDSCH reception scheduled/activated by a fallback DCI, i.e., DCI format 1_0. We observe that DCI format 1_0 is also a case that the new indicator field is not present. Hence, we should work on a unified solution for DCI format 1_1/1_2 with the new indicator field absent and for DCI format 1_0. Actually, in legacy, default beam determination for these two cases follows the same principle, that is, following scheduling CORESET beam. Hence, we suggest also following indicated TCI state for scheduling CORESET in Rel-18 unified TCI extension. 
Proposal 7: Strive to have a unified solution for determining default indicated TCI state for DCI format 1_1/1_2 with the new indicator field absent and for DCI format 1_0. 
Proposal 8: On unified TCI framework extension for S-DCI based MTRP, for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured without the new indicator field or DCI format 1_0, 
· UE applies the same joint/DL TCI state(s) applied to the PDCCH with the DCI scheduling/activating PDSCH reception. 
Back to the case where the new indicator field is configured, default beam may be also needed, i.e., when the scheduling offset of PDSCH is below threshold. As shown in below agreement, when the UE supports capability of two default beams, the UE would use both first and second indicated TCI states as default beam to receive PDSCH. 
	RAN1 #112
Agreement
On unified TCI framework extension for S-DCI based MTRP, a 2-bit [TCI selection field] can be configured by RRC to be present in a DCI format 1_1/1_2 that schedules/activates PDSCH reception (including dynamic PDSCH and SPS PDSCH) according to the followings:
· If the DCI format 1_1/1_2 indicates codepoint "00" for the [TCI selection field], the UE shall apply the first one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "01" for the [TCI selection field], the UE shall apply the second one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "10" for the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the PDSCH reception scheduled/activated by the DCI format 1_1/1_2
· FFS: Whether and how to use the codepoint "11" of the [TCI selection field]
If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2 regardless of threshold, above apply to PDSCH reception(s) scheduled/activated by the DCI format 1_1/1_2. 
· Note: If the UE supports the capability of two default beams for S-DCI based MTRP in FR2, UE uses both indicated joint/DL TCI states to buffer the received signal before a threshold.
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above apply to the scheduled/activated PDSCH reception 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
· FFS: How to apply the indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception if the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is less than a threshold in FR2
FFS: Detail of the capability of two default beams for S-DCI based MTRP 
FFS: The threshold value



However, when the UE does not support capability of two default beams, how to determine default beam is unclear for now. In our views, we can keep the behaviour as simple as possible. Since only one default beam can be decided, we suggest UE just uses the first indicated TCI to buffer possible PDSCH below the threshold. 
Proposal 9: UE uses the first indicated joint/DL TCI states to buffer the received signal before a threshold, if UE does not support the capability of two default beams for S-DCI based MTRP in FR2. 
In RAN1#111, RAN1 had an agreement on how to indicate unified TCI by DCI for S-DCI based M-TRP in the following.  
	RAN1 #111
Agreement
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


We recall that, in RAN1 #109(e), RAN1 has agreed to support that, for M-TRP S-DCI mode, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate multiple joint/DL/UL TCI states in a CC/BWP or a set of CCs/BWPs in a CC list. However, the details are still unclear. Considering impact brought by multiple TRP, current 3-bit TCI field (i.e., 8 TCI field codepoints) may not be enough to indicate all possible combinations. Not to mention more combinations would emerge from subsequent discussions when coming to separate TCI mode. Based on these factors, we suggest increasing the size of the TCI field. In such way, there are more TCI codepoints to indicate possible combinations. According to above discussion, we propose the following proposals. 
Proposal 10: Increase the size of the TCI field for indicating unified TCI at least for S-DCI based MTRP.
3. Conclusion
According to the above discussion(s), we have the following observation(s) and proposal(s). 
Proposal 1: On unified TCI framework extension for S-DCI based MTRP, support automatic beam update after receiving NW response to TRP-specific BFR request. 
Proposal 2: 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 STRP and 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 STRP and CC(s) operating in M-DCI based MTRP
· 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: 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
Proposal 3: On unified TCI framework extension, support the following cases for CA operation
· A CC operating in STRP can apply the TCI state configuration(s) from a reference CC operating in MTRP
· A CC operating in MTRP can apply the TCI state configurations from a reference CC operating in STRP
Proposal 4: On unified TCI framework extension for M-DCI based MTRP, for PUCCH transmission, do not support additional rule, i.e., Opt3 and Opt4 are not supported
Proposal 5: On unified TCI framework extension for S-DCI based MTRP, for AP CSI-RS, do not support additional rule for determining which joint/DL TCI state to apply. 
Proposal 6: Study how to determine default beam for AP CSI-RS if the triggering offset is below a threshold. 
Proposal 7: Strive to have a unified solution for determining default indicated TCI state for DCI format 1_1/1_2 with the new indicator field absent and for DCI format 1_0. 
Proposal 8: On unified TCI framework extension for S-DCI based MTRP, for PDSCH reception scheduled/activated by DCI format 1_1/1_2 configured without the new indicator field or DCI format 1_0, 
· UE applies the same joint/DL TCI state(s) applied to the PDCCH with the DCI scheduling/activating PDSCH reception. 
Proposal 9: UE uses the first indicated joint/DL TCI states to buffer the received signal before a threshold, if UE does not support the capability of two default beams for S-DCI based MTRP in FR2. 
Proposal 10: Increase the size of the TCI field for indicating unified TCI at least for S-DCI based MTRP.
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