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1. Introduction
In the Rel-18 MIMO WID [1], one of the objectives with RAN2 impact is the following:
	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.


RAN1 have already made a number of agreements on extension of unified TCI framework for mTRP. In RAN2 #121bis-e meeting, RAN2 began to discuss and made preliminary working assumptions. In this contribution, we further discuss the RAN2 impacts taking into account RAN1 agreements.
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2.1 Background of the mTRP
In Rel-16, mDCI mTRP, sDCI mTRP were introduced and the PDSCH from multiple TRPs is the target scenario. In Rel-17, sDCI mTRP for PUCCH,  PUSCH and PDCCH were introduced. PDCCH repetition and SFN were introduced as well. In addition, mDCI mTRP was extended from intra-cell case to inter-cell case. The Rel-16 and Rel-17 mTRP technologies are summarized in the table below:
Table 1: summary of Rel-16 and Rel-17 mTRP technologies

	
	mDCI mTRP
	sDCI mTRP

	Rel-16
	PDSCH: two DCIs in different CORESET pools schedule two PDSCHs from two TRPs.
	PDSCH: one DCI schedules two PDSCHs from two TRPs. 

	Rel-17
	PDSCH: extend from intra-cell to inter-cell case
	PDCCH: repetition and SFN
PUSCH: one DCI schedules PUSCH repetitions to two TRPs.
PUCCH: repetition.


The mDCI mTRP case and the sDCI sTRP case operate in different manners, so we discuss how to extend the unified TCI framework for mDCI mTRP and sDCI sTRP separately. 
2.2 mDCI mTRP
2.2.1 MAC
According to the RAN1 agreements below, a new MAC CE for TCI state activation/deactivation needs to be introduced for mDCI mTRP. RAN1 suggests that a coresetPoolIndex value field is included in TCI state activation command (MAC-CE) to indicate that the mapping between the activated TCI state(s) and the TCI codepoint(s) is specific to which coresetPoolIndex value. Since there are only coresetPoolIndex 0 and coresetPoolIndex 1, one bit to indicate this coresetPoolIndex is sufficient.
	Agreement in RAN1 #110bis
On unified TCI framework extension for M-DCI based MTRP:
· The existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one coresetPoolIndex value can indicate the joint/DL/UL TCI state(s) specific to the same coresetPoolIndex value
· FFS: The UE shall apply the indicated joint/DL/UL TCI state(s) specific to a coresetPoolIndex value to channel(s)/signal(s) that have explicit or implicit association with the same coresetPoolIndex value
A coresetPoolIndex value field is included in TCI state activation command (MAC-CE) to indicate that the mapping between the activated TCI state(s) and the TCI codepoint(s) is specific to which coresetPoolIndex value


In RAN2 #121bis-e meeting, a preliminary working assumption was made. This working assumption is aligned with RAN1 agreements. Two separate TCI state activation MAC CEs are sent to the UE for two TRPs. Since each TRP is associated with a coresetPoolIndex in mDCI mTRP case, the coresetPoolIndex should be provided in the MAC CE to show these activated TCI states are for which TRP. We propose to confirm this working assumption and change it to an agreement.
	RAN2 #121bis-e
Working assumption:
Revise the legacy unified TCI state activation/deactivation MAC CE by adding a “CORESET Pool ID” field to support mDCI based mTRP operation.


For mDCI mTRP operation, confirm the working assumption to revise the legacy unified TCI state activation/deactivation MAC CE by adding a “CORESET Pool ID” field.
2.2.2 RRC
Using MAC CE and DCI, the network can indicate TCI states from RRC configured TCI lists for two TRPs. The TCI states indication procedure for mDCI mTRP is shown in the figure below.
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The indicated TCI states are applicable to PDSCH, PDCCH, PUSCH and PUCCH. PDCCH is directly associated with a CORESET pool, so the UE knows which indicated TCI state to use for which PDCCH. For dynamically scheduled PDSCH and PUSCH, the UE knows as well because the PDSCH and PUSCH are scheduled by PDCCH which is associated with a CORESET pool. However, for PUCCH and configured grant PUSCH, it is unclear which CORESET pool they are associated with. Therefore, further RRC configuration is needed. This is reflected in the RAN1 agreements below.
	mDCI PUCCH
Agreement in RAN1 112bis
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
Agreement in RAN1 112
On unified TCI framework extension for M-DCI based MTRP, down-select from the following options for PUCCH transmission:
· Opt1: A coresetPoolIndex value can be provided per PUCCH resource/resource group, and the UE shall apply the indicated joint/UL TCI state specific to the coresetPoolIndex value to the corresponding PUCCH transmission
· Opt2: An RRC configuration can be provided per PUCCH resource/resource group to inform that the UE shall apply the first or the second indicated joint/UL TCI state to the corresponding PUCCH 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.
· Opt3: For a PUCCH transmission triggered by PDCCH on a CORESET when the UCI in the PUCCH transmission carries HARQ-ACK information only, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is determined from the one associated with the CORESET. Otherwise, either Opt1 or Opt2 is adopted.
· FFS: Whether Opt3 applies only when the UE is not provided with ackNackFeedbackMode = joint
· Opt4: For a PUCCH transmission with an LRR trigged for either the first BFD-RS set () or the second BFD-RS set () when the UE is provided only one or two schedulingRequestID-BFR configuration, the UE shall apply the indicated joint/UL TCI state specific to a coresetPoolIndex value to the PUCCH transmission, where the coresetPoolIndex value is 1 when the LRR is trigged for the first BFD-RS set () and the coresetPoolIndex value is 0 when the LRR is trigged for the second BFD-RS set (). Otherwise, either Opt1 or Opt2 is adopted.
Note: Either Opt1 or Opt2 must be supported
mDCI PUSCH
Agreement in RAN1 112bis
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.


For mDCI mTRP operation, introduce an RRC indication per PUCCH resource/resource group whether the first or the second indicated joint/UL TCI state is applicable to the PUCCH resource/resource group.
For mDCI mTRP operation, introduce an RRC indication per Type1 CG configuration whether the first or the second joint/UL TCI state is applicable to the CG PUSCH.
2.3 sDCI mTRP
2.3.1 MAC
In sDCI mTRP operation, there is no configured CORESET Pool. Normally, the network uses a MAC CE plus DCI to indicate two TCI states for two TRPs in the joint TCI mode, or indicate four TCI states for two TRPs in the separate TCI mode (i.e., two UL-only TCI states and two DL-only TCI states). However, more flexible design is enabled for the MAC CE according to the RAN1 agreements.
	Agreement in RAN1 112bis
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


Observation 1: For sDCI mTRP operation, with the joint TCI mode, one TCI codepoint in DCI maps to one or two joint TCI states in MAC CE, i.e., a full-set or any sub-set of {first joint TCI state, second joint TCI state}.
Observation 2: For sDCI mTRP operation, with the separate TCI mode, one TCI codepoint in DCI maps to one, or two, or three, or four separate TCI states in MAC CE, i.e., a full-set or any sub-set of {first DL TCI state, first UL TCI state, second DL TCI state, second UL TCI state}.
Since there can be 1 to 4 TCI states in the MAC CE for one TCI codepoint in DCI, one MAC CE design example is shown in the following. Atwo-bit Pi field is introduced to indicate how many TCI states in the MAC CE are mapped to a TCI codepoint in DCI.
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For sDCI mTRP, introduce a 2-bit Pi field in the unified TCI state MAC CE to indicate how many TCI states in the MAC CE are mapped to a TCI codepoint in the DCI, e.g. Pi = 00 indicates one TCI state, Pi = 01 indicates two TCI states, Pi = 10 indicates three TCI states, and Pi = 11 indicates four TCI states.
2.3.2 RRC
Similar to  mDCI mTRP operation, even though the MAC CE plus DCI can indicate TCI states for two TRPs, an additional RRC indication is needed for which of the indicated TCI states is applicable to the physical channel. RAN1 has a number of agreements:
	sDCI PDCCH
Agreement in RAN1 #110bis
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)
sDCI PUCCH
Agreement in RAN1 #111
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
sDCI PUSCH
Agreement in RAN1 #112bis
On unified TCI framework extension for S-DCI based MTRP, an RRC configuration is provided to a Type1 CG configuration to inform that the UE shall apply the first, the second, or both indicated joint/UL TCI states to the corresponding CG-PUSCH transmission
· If the first or the second indicated joint/UL TCI state is applied, the UE shall apply the first or the second indicated joint/UL TCI state to all PUSCH antenna port(s) of corresponding PUSCH transmission occasions(s)
· If both indicated joint/UL TCI states are applied:
· For TDM based PUSCH Tx scheme, the UE shall apply the first indicated joint/UL TCI state to the PUSCH transmission occasions(s) associated with the first SRS resource set for CB/NCB, and the second indicated joint/UL TCI state to the PUSCH transmission occasions(s) associated with the second SRS resource set for CB/NCB 
· FFS: SDM and SFN based PUSCH Tx schemes



According to RAN1 agreements, we have the following proposals.
For sDCI mTRP operation, introduce an RRC indication per PUCCH resource/resource whether to apply the first, the second or both of the indicated joint/UL TCI states or both to the PUCCH resource/resource group.
For sDCI mTRP operation, introduce an RRC indication per CORESET or per group of CORESETs whether to apply the first, the second, both or none of the indicated joint/UL TCI states to the CORESET or the group of CORESETs. The concept of group of CORESETs is pending on RAN1 discussion.
For sDCI mTRP operation, introduce an RRC indication per Type1 CG whether to apply the first, the second or both of the indicated joint/UL TCI states to the CG PUSCH.
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[bookmark: OLE_LINK7]Based on the discussion in this contribution, we have the following proposals:
mDCI mTRP
1. For mDCI mTRP operation, confirm the working assumption to revise the legacy unified TCI state activation/deactivation MAC CE by adding a “CORESET Pool ID” field.
1. For mDCI mTRP operation, introduce an RRC indication per PUCCH resource/resource group whether the first or the second indicated joint/UL TCI state is applicable to the PUCCH resource/resource group.
1. For mDCI mTRP operation, introduce an RRC indication per Type1 CG configuration whether the first or the second indicated joint/UL TCI state is applicable to the CG PUSCH.
sDCI mTRP
1. For sDCI mTRP operation, introduce a 2-bit Pi field in the unified TCI state MAC CE to indicate how many TCI states in the MAC CE are mapped to a TCI codepoint in the DCI, e.g. Pi = 00 indicates one TCI state, Pi = 01 indicates two TCI states, Pi = 10 indicates three TCI states, and Pi = 11 indicates four TCI states.
1. For sDCI mTRP operation, introduce an RRC indication per PUCCH resource/resource group whether to apply the first, the second or both of the indicated joint/UL TCI states to the PUCCH resource/resource group.
1. For sDCI mTRP operation, introduce an RRC indication per CORESET or per group of CORESETs whether to apply the first, the second, both or none the indicated joint/UL TCI states to the CORESET or the group of CORESETs. The concept of group of CORESETs is pending on RAN1 discussion.
1. For sDCI mTRP operation, introduce an RRC indication per Type1 CG configuration whether to apply the first, the second or both of the indicated joint/UL TCI states to the CG PUSCH.
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