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1	Introduction
The Rel-18 MIMO work is (once again) specifying a host of enhancements for multi-antenna operation. One such enhancement is the unified TCI operation with multi-TRP. Although the RAN1 work is still not complete, we attempt to provide an overview make some basic assumptions of the expected RAN2 work for the unified TCIs with multi-TRP.
2	Unified TCI states with multi-TRP 
2.1	Overview of unified TCI states
The Rel-17 unified TCI states work according to three levels: Configured, activated and indicated. 
-	UE can be configured with up to 128 TCI states
-	Up to 8 TCI states can be activated out of the configured TCI states:
-	Only one TCI state (or a TCI state pair), determined by DCI indication, is used by the UE
This is also depicted in Figure 1 below.
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[bookmark: _Ref79078915]Figure 1. Unified TCI state in Rel-17
Multi-TRP (as per Rel-16) is an operation with two different modes: Single DCI (i.e. one PDCCH/DCI schedules UE for both TRPs, with DCI code point being mapped to one or two different TCI states) and multi-DCI (i.e. the UE is explicitly configured with two CORESET “pools”, so each TRP can schedule UE independently using a specific CORESET index pool).
Observation 1: Multi-TRP was defined in Rel-16 with two modes: Single-DCI and Multi-DCI.
For the Rel-18 mTRP with unified TCI states, the same division into two modes continues, with slightly different functionality. Therefore, it seems reasonable to assume that unless there are reasons to deviate from the Rel-16 paradigms, similar RAN2 structures are used in Rel-18. As with Rel-16, the mTRP configuration should also be serving cell specific. 
Proposal 1: RAN2 builds the sDCI mTRP and mDCI mTRP support of unified TCI states on top of the Rel-16 mTRP functionality. The Rel-18 mTRP configuration is per serving cell (similar as in Rel-16).
The exact details of each mode are further discussed in the following sections.
2.2	Multi-DCI case
Multi-DCI mTRP is characterized by the presence of two CORESET pools, i.e. explicit configuration of CORESET pool IDs per ControlResourceSet configuration. For Rel-18 mTRP, this means that each unified TCI state becomes “split” in two parts: CORESET pool ID=0 and CORESET pool ID=1, along with any relevant parameters. That is, whereas the Rel-17 unified TCI state is just one DCI indication, the mTRP DCI indication can indicate separate TCI states for each CORESET pool ID, which implies that RAN2 will need to associate each TCI state with the corresponding CORESET pool ID.
Observation 2: Multi-DCI mTRP requires TCI state association (via either RRC or MAC CE) with a CORESET pool ID.
Similarly, for UL purposes, each TRP could have its own PC loop and RAN1 has also agreed to support multiple TAs (as has already been discussed in RAN2#121bis-e). This means that network must be able to configure 1) separate TA loop for each TRP and 2) separate power control parameters for each TRP.
Figure 2 below pulls all this together to illustrate the difference between Rel-17 (single TRP) and Rel-18 (mDCI mTRP) operation with unified TCI states.
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[bookmark: _Ref134708496]Figure 2. Unified TCI state for mDCI mTRP in Rel-18
This raises the question on whether the TCI states are 1) specific or 2) common to the CORESET pool IDs? It appears that RAN1 has already (partially) agreed that they should be common, as per the following:
	Agreement (RAN1#110bis-e)
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

Conclusion (RAN1#110bis-e)
On unified TCI framework extension in Rel-18, there is no consensus to support separate RRC-configured TCI state list(s) for each of TRPs



Proposal 2: Extend the MAC CEs used to activate unified TCI state configurations with CORESET pool index value for Rel-18 mDCI mTRP.
The current unified TCI MAC CE shown in Figure 3 (excerpted from clause 6.1.3.47 of TS38.321) has several R-bits, so it seems like a simple extension to use those to change the MAC CE structure for mDCI mTRP purpose as well.


[bookmark: _Ref134708469]Figure 3. Unified TCI activation MAC CE in Rel-17

Observation 3: The Rel-17 MAC CE for unified TCI state activation is clearly extendible via using R-bits.
Proposal 3a: Extend the Rel-17 Unified TCI States Activation/Deactivation MAC CE by introducing CORESET pool ID for unified TCI states with mDCI mTRP in Rel-18. 
[bookmark: _Hlk134774579]Proposal 3b: The exact MAC CE structure for TCI state activation of mDCI mTRP can be discussed in RAN2#122 based on RAN1 progress.
2.3	Single DCI case
The single DCI mTRP in Rel-16 was characterized by sparseness of configuration: The only things that configured its usage was the lists that indicated whether TCI states of multiple cells could be activated at once. This made the feature not only difficult to use but also difficult to pinpoint in terms of UE capabilities, i.e. understanding how to activate and test the feature. For Rel-18, it seems necessary to discuss whether to make it explicit whether sDCI is configured for the UE by an RRC configuration parameter.
Observation 4: Rel-16 sDCI mTRP is almost invisible in terms of RRC configuration.
Proposal 4: Discuss whether to create explicit RRC configuration that indicates UE is using Rel-18 sDCI mTRP with unified TCI states. 
From TCI state viewpoint, the sDCI mTRP looks much more like the Rel-17 unified TCI states than the mDCI mTRP: sDCI only has a single indicated TCI state codepoint, but the meaning of the codepoint is different: A DCI code point can indicate 1-2 UL and/or DL TCI states, i.e. 1-4 TCI states in total. This means that one codepoint can be configured to indicate one of the following:
A) For separate TCI states: 1) 1 DL TCI, 2) 1 UL TCI, 3) 2 DL TCI, 4) 2 UL TCI, 5) 1 DL TCI + 1 UL TCI, 6) 2 DL TCI + 1 UL TCI, 7) 1 DL TCI + 2 UL TCI or 8) 2 DL TCI + 2 UL TCI. 
B) For joint TCI states: 1) 1 joint (UL+DL) TCI or 2) 2 joint (UL+DL) TCIs
The Figure 4 below also shows this as a simple schematic (with the green highlight illustrating the mappings that are common for joint and separate TCI states).
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[bookmark: _Ref134708512]Figure 4. Possible DCI codepoint mappings for sDCI mTRP in Rel-18
As with Rel-17, the TCI states themselves need to be configured via RRC, but the actual DCI mapping is done via the activation MAC CE. Since the mapping structure is different from Rel-17, a new MAC CE is required for the configuration, and there could even be different MAC CEs for joint and separate TCI states.
Observation 5: Rel-18 sDCI mTRP requires different configuration of TCI state – to – DCI codepoint mapping compared to Rel-17 unified TCI states (i.e. Rel-18 allows up to 4 TCI to be associated to a codepoint).
Proposal 5a: Define new MAC CE for the sDCI mTRP TCI state activation MAC CE. 
Proposal 5b: The exact MAC CE structure and whether different MAC CEs are needed for joint/separate TCI states for TCI state activation of sDCI mTRP can be discussed in RAN2#122 based on RAN1 progress.

3	Conclusion
This document has made the following observations:
Observation 1: Multi-TRP was defined in Rel-16 with two modes: Single-DCI and Multi-DCI.
Observation 2: Multi-DCI mTRP requires TCI state association (via either RRC or MAC CE) with a CORESET pool ID.
Observation 3: The Rel-17 MAC CE for unified TCI state activation is clearly extendible via using R-bits.
Observation 4: Rel-16 sDCI mTRP is almost invisible in terms of RRC configuration.
Observation 5: Rel-18 sDCI mTRP requires different configuration of TCI state – to – DCI codepoint mapping compared to Rel-17 unified TCI states (i.e. Rel-18 allows up to 4 TCI to be associated to a codepoint).
And proposed the following:
Proposal 1: RAN2 builds the sDCI mTRP and mDCI mTRP support of unified TCI states on top of the Rel-16 mTRP functionality. The Rel-18 mTRP configuration is per serving cell (similar as in Rel-16).
Proposal 2: Extend the MAC CEs used to activate unified TCI state configurations with CORESET pool index value for Rel-18 mDCI mTRP.
Proposal 3a: Extend the Rel-17 Unified TCI States Activation/Deactivation MAC CE by introducing CORESET pool ID for unified TCI states with mDCI mTRP in Rel-18. 
Proposal 3b: The exact MAC CE structure for TCI state activation of mDCI mTRP can be discussed in RAN2#122 based on RAN1 progress.
Proposal 4: Discuss whether to create explicit RRC configuration that indicates UE is using Rel-18 sDCI mTRP with unified TCI states. 
Proposal 5a: Define new MAC CE for the sDCI mTRP TCI state activation MAC CE. 
Proposal 5b: The exact MAC CE structure and whether different MAC CEs are needed for joint/separate TCI states for TCI state activation of sDCI mTRP can be discussed in RAN2#122 based on RAN1 progress.
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