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Introduction
Rel-17 FeMIMO WI will extend the multi-TRP support to PDCCH and to the high-speed train (HST) deployment using single frequency network (SFN) DL transmission [1].
	· Extend specification support in the following areas [RAN1]
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework 



Discussion
2.1 Default TCI when CORESET has Two Activated TCI States
The following was agreed in RAN1#106-e:
	Agreement
If enableTwoDefaultTCI-States is configured and at least one TCI codepoint indicates two TCI states and time offset between the reception of the DL DCI and the PDSCH is less than the threshold timeDurationForQCL, default beam(s) for Rel-17 enhanced SFN PDSCH (scheme 1 or if supported TRP-based pre-compensation) reception:
· Alt 1: Reuse rule to determine TCI states as defined for Rel-16 PDSCH scheme-1a
This is a UE optional feature

Agreement
For PDSCH reception scheduled by DCI format 1_0, [1_1 and 1_2], if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL 
· Support configuration when there is no TCI field in the DCI scheduling PDSCH
· UE applies the state(s) of the scheduling CORESET when receiving the PDSCH 
· if there are two active TCI states for the CORESET, UE applies the both QCL assumption of the CORESET that schedules the PDSCH when receiving the PDSCH 
· otherwise, UE applies the one active TCI state of the CORESET when receiving the PDSCH
· FFS if the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than the threshold timeDurationForQCL
This is a UE optional feature.


In Rel-15/16, there is a number of other cases in which the default TCI state for PDSCH reception is based on a CORESET TCI state (in the latest monitored slot). Since a CORESET with two activated TCI states is supported in Rel-17, the default TCI for PDSCH needs to be discussed. 
· If one of the two activated TCI states is applied to PDSCH, which one should be clarified. 
· If both of the two activated TCI states are applied to PDSCH, this needs to be described. 
At least the following cases are relevant:
· Case 1: If the offset between the DCI and the corresponding PDSCH is less than the threshold:
· The UE is not configured with enableTwoDefaultTCI-States
· The UE is configured with enableTwoDefaultTCI-States, but no TCI codepoint indicates two TCI states.
· Case 2: If the TCI field is not present in the DCI and the offset is equal to or larger than the threshold:
· Case 2.1: The scheduled PDSCH is single-TRP.
· Case 2.2: The scheduled PDSCH is multi-TRP (single-DCI based scheme).
It is preferable to use the same principle for these cases. 
For Case 1, one of the TCI states of the CORESET with the lowest CORESET ID can be applied as default beam.
Proposal 1: If the offset between the DCI and the corresponding PDSCH is less than the threshold, and the UE is not configured with enableTwoDefaultTCI-States, and the CORESET with lowest CORESET ID in the latest slot has two activated TCI states, select the first TCI state as a default TCI state for PDSCH reception.
The mode of operation when the TCI field isn’t present in DCI is generally to use the same TCI state for the scheduled PDSCH as for the PDCCH that scheduled the PDSCH (after the threshold). As the beam for PDCCH is updated using MAC CE based activation for the CORESET, so is the beam for PDSCH. Since Rel-16 CORESETs are activated with a single TCI state, Case 2.2 above isn’t supported in Rel-16. With the introduced support of two activated TCI states for a CORESET in Rel-17, it was also agreed to support Case 2.2 for DCI format 1_0, while DCI format 1_1 and 1_2 was left in brackets. DCI format 1_1 and 1_2 can in general be configured without a TCI field. There seems to be no strong motivation to exclude DCI format 1_1 and 1_2 from the functionality agreed for format 1_0.
Proposal 2: Remove brackets around [1_1 and 1_2], i.e. support scheduling of multi-TPR PDSCH (Rel-16/17 schemes) also by DCI format 1_1 and 1_2 without a TCI field present.
For the case that the DCI is configured without TCI field, the default beam for PDSCH if the offset is less than the threshold should be same as if the DCI is configured with a TCI field. The TCI indicated by the TCI field in the DCI is used only when the offset is equal to or larger than the offset.
Proposal 3: If the offset between the DCI and the corresponding PDSCH is less than the threshold, the default beam for the case that the DCI has no TCI field is the same as for the case that the DCI has a TCI field.

2.2 Beam Failure Recovery (BFR) when CORESET has Two Activated TCI States
The following was agreed in RAN1#105-e and RAN1#106-e.
	Agreement
If enhanced SFN PDCCH transmission scheme (scheme 1 or TRP-based pre-compensation) is configured and two TCI states are activated for at least one CORESET, support the following configuration of RS for BFD
· Down-select one alternative for implicit configuration
· Alt 1-2: RS of CORESETs with both single and two TCI states are used
· Alt 1-3: RS of CORESETs with only two TCI states are used
· Down-select one alternative for explicit configuration
· Alt 2-1: Support defining CSI-RS resource or SSB pairs as BFD RS
· FFS other details
· Alt 2-2: Reuse the existing Rel-15/Rel-16 approach for BFD RS configuration
· Note: down-selection can be done separately for Rel-15/16 cell specific BFR and Rel-17 TRP-specific BFR, Rel-17 TRP-specific BFR to be discussed under AI 8.1.2.3

Agreement
If enhanced SFN PDCCH transmission scheme (scheme 1 or TRP-based pre-compensation) is configured and two TCI states are activated for at least one CORESET, support the following configuration of RS for BFD
· For implicit configuration 
· Alt 1-2: RS of CORESETs with both single and two TCI states are used
FFS: The maximum number of BFD RS and details on RS determination

Conclusion
No RAN1 specification impact on how to calculate hypothetical BLER for BFD


Reference signals for beam failure detection (BFD-RS) may be explicitly configured or implicitly derived from the activated TCI states of the CORESETs in the active BWP. In Rel-15/16, in which a single set of BFD-RS is used in a BWP, 38.213 [2] describes the implicit derivation as follows:
	
If the UE is not provided  by failureDetectionResourcesToAddModList for a BWP of the serving cell, the UE determines the set [image: ] to include periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by TCI-State for respective CORESETs that the UE uses for monitoring PDCCH and, if there are two RS indexes in a TCI state, the set [image: ] includes RS indexes configured with qcl-Type set to 'typeD' for the corresponding TCI states.


In other words, the UE determines the BFD-RS set from the RS sets, where the RS sets are indicated by the RRC IE TCI-State for the CORESETs. Note that the singular form of TCI-State refers to the IE name, while the plural form of RS sets refers to the multiple TCI states. With this reading and interpretation, the current specification does not need to be revised to support implicit BFD-RS determination of a BFD-RS set based on a CORESET with two activated TCI states.
Observation: The current specification can support implicit determination of a set of BFD-RS from multiple TCI states, e.g. two activated TCI states for one CORESET.
Still, it was agreed that RS of CORESETs with both single and two TCI states are used. The details of RS determination can follow the existing specification: if a TCI state includes a single RS index, the RS index is included in [image: ], if a TCI state includes two RS indexes, only the RS index with QCL typeD is included in [image: ]. If a CORESET has two activated TCI states, two RS indexes, one from each of the two TCI states, are included in [image: ]. 
Proposal 4: One RS index per activated TCI state (for a CORESET) is included in [image: ], following the Rel-15/16 principle. For a CORESET with single activated TCI state, a single RS index is included in [image: ]. For a CORESET with two activated TCI states, two RS indexes are included in [image: ].
For the case of explicit per-TRP BFD-RS set configuration, no enhancement seems to be needed for the case of a CORESET with two activated TCI states, since the gNB can configure any RS in the sets. 
Proposal 5: Support Alt 2-2: Reuse the existing Rel-15/Rel-16 approach for BFD RS configuration.
Conclusion
In this contribution, we considered aspects of multi-TRP HST-SFN enhancement. We have the following proposals: 
Proposal 1: If the offset between the DCI and the corresponding PDSCH is less than the threshold, and the UE is not configured with enableTwoDefaultTCI-States, and the CORESET with lowest CORESET ID in the latest slot has two activated TCI states, select the first TCI state as a default TCI state for PDSCH reception.
Proposal 2: Remove brackets around [1_1 and 1_2], i.e. support scheduling of multi-TPR PDSCH (Rel-16/17 schemes) also by DCI format 1_1 and 1_2 without a TCI field present.
Proposal 3: If the offset between the DCI and the corresponding PDSCH is less than the threshold, the default beam for the case that the DCI has no TCI field is the same as for the case that the DCI has a TCI field.
Observation: The current specification can support implicit determination of a set of BFD-RS from multiple TCI states, e.g. two activated TCI states for one CORESET.
Proposal 4: One RS index per activated TCI state (for a CORESET) is included in [image: ], following the Rel-15/16 principle. For a CORESET with single activated TCI state, a single RS index is included in [image: ]. For a CORESET with two activated TCI states, two RS indexes are included in [image: ].
Proposal 5: Support Alt 2-2: Reuse the existing Rel-15/Rel-16 approach for BFD RS configuration.
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