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Introduction
In the previous meeting, there were several agreements related to Rel-17 SFNed transmission as follows [1]. 
	Agreement
Support the following combination of the transmission schemes
· Single-TRP PDCCH + Rel-17 Scheme 1 PDSCH
· Single-TRP PDCCH + Rel-17 TRP-based pre-compensation PDSCH
· FFS: Other combinations of the transmission scheme 
Note: The PDSCH corresponds to the PDSCH scheduled by DCI formats 1_1 and 1_2.

Agreement
Confirm working assumption from RAN1#105e meeting without modification:
For TRP -based pre-compensation, Variant A (based on RAN1#103-e meeting agreement) is supported as QCL types/assumption, when the same DMRS port(s) are associated with two TCI states.
· FFS: Support of Variant B 

Agreement
For TRP -based pre-compensation
· Alt-1: QCL parameters are dropped from the second TCI state of the indicated TCI codepoint containing two TCI states

Agreement
For Rel-17 TRP-based pre-compensation scheme, indication of carrier frequency for uplink transmission (Doppler frequency reporting) in TRP-based pre-compensation scheme is supported using 
· Option 1 Implicit from RAN1#102-e agreement
· FFS enhancements to SRS (e.g multiple SRS resource in a set) to improve the accuracy of frequency estimation
For Option1, some companies raised concerns that there is no consensus on the benefit and the applicability of this scheme in FDD.
For Option1, some companies raised concerns that there is no benefit in low SNR scenarios.

Conclusion
For Variant A and B (if supported)
· For frequency offset pre-compensation QCL -like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step is supported by implementation without specification impact

Agreement
In CA scenario support RRC configured set of the serving cells which can be addressed by a single MAC CE for activation of two TCI states of CORESET with the same CORESET ID for all the BWPs in the indicated CCs set
· FFS: Whether to reuse Rel-16 RRC parameters or introduce new RRC parameters.
· FFS: UE capability
· FFS: Whether/How to update the CORESET that is not configured to SFN scheme in the indicated CCs set

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

Agreement
If enhanced SFN PDCCH transmission scheme (scheme 1 or if TRP-based pre-compensation is supported in FR2) is configured and CORESET is indicated with two TCI states, and scheduling offset for AP CSI-RS is less than the threshold and enableTwoDefaultTCIStates is not configured
· If there is no other DL signal on the same symbol, use one of two TCI states as default beam for aperiodic CSI-RS reception, i.e.
· using one TCI state of the CORESET with the lowest CORESET ID in the latest slot as default beam for aperiodic CSI-RS reception. If there are two activated TCI states for the CORESET with the lowest CORESET ID, one of two TCI states will be selected, i.e. always selects the first TCI state if the CORESET has two TCI states
· If there is other DL signal on the same symbol, reuse Rel-15/16 mechanism

Agreement
If enhanced SFN PDCCH transmission scheme (scheme 1 or if TRP-based pre-compensation is supported in FR2) is configured, and if the CORESET with the lowest ID in the active DL BWP is indicated with two TCI states 
· If PL-RS and spatial relation information are not configured for PUCCH and enableDefaultBeamPL-ForPUCCH is configured in FR2 
· For single-TRP PUCCH transmission, select the first TCI state of the CORESET as default beam and PL RS 
· If PUSCH scheduled by DCI format 0_0 and enableDefaultBeamPL-ForPUSCH0-0 is configured in FR2, and if PUCCH resource is not configured on active UL BWP in the cell or if spatial relation is not configured in any PUCCH resource on active UL BWP in the cell, 
· For single-TRP PUSCH transmission scheduled by DCI format 0_0, select the first TCI state of the CORESET as default beam and PL RS 
· If PL-RS and spatial relation information are not configured for SRS and enableDefaultBeamPL-ForSRS is configured in FR2 
· For single-TRP SRS resource, select the first TCI state of the CORESET as default beam and PL RS 
· FFS other details, if any 
· These are UE optional features 

Agreement
When a CORESET is activated with two TCI states which overlaps with another CORESET, support extension of Rel-15 prioritization rule for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasions with different QCL-TypeD
· FFS: Prioritization rule considers CORESETs indicated with 1 and/or 2 TCI states 
· Supports identifying two QCL-TypeD properties for multiple overlapping CORESETs
· UE capability is introduced
· FFS other details
· FFS: Strive to have same / similar solution as discussed under AI 8.1.2.1

[bookmark: _GoBack]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



Discussion
· Combination of the transmission  schemes
	Agreement
Support the following combination of the transmission schemes
· Single-TRP PDCCH + Rel-17 Scheme 1 PDSCH
· Single-TRP PDCCH + Rel-17 TRP-based pre-compensation PDSCH
· FFS: Other combinations of the transmission scheme 
Note: The PDSCH corresponds to the PDSCH scheduled by DCI formats 1_1 and 1_2.



Based on the above agreement, some combinations of the transmission schemes for PDCCH and PDSCH were agreed. In addition to two combinations, the following combinations were also discussed, but have not been agreed yet. 
- Option1: Rel-17 Scheme 1 PDCCH + Rel-15 Single TRP PDSCH
- Option2: Rel-17 TRP-based pre-compensation PDCCH + Rel-15 Single TRP PDSCH
Above two options should also be supported at least for UE supporting dynamic switching of schemes for PDSCH transmission. For the UE, PDSCH transmission scheme should be able to be determined based on the scheduling DCI. But, if the above two options are not supported, PDSCH transmission scheme will be restricted by PDCCH transmission scheme. For example, Rel-17 PDCCH can only schedule Rel-17 PDSCH although UE supports dynamic switching between Rel-17 PDSCH and single TRP PDSCH scheme.  Since PDCCH transmission scheme can be determined based on RRC and MAC CE, DCI based dynamic switching for PDSCH transmission scheme cannot be supported in this case. So, the above two options should also be supported at least for UE supporting dynamic switching of schemes for PDSCH transmission.
Proposal #1: Support following two options for combination of the transmission schemes.
- Option1: Rel-17 Scheme 1 PDCCH + Rel-15 Single TRP PDSCH
- Option2: Rel-17 TRP-based pre-compensation PDCCH + Rel-15 Single TRP PDSCH

· Default beam behavior
	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



Based on the above agreement, default beam behavior that TCI state of the scheduling PDCCH is applied to the scheduled PDSCH was enhanced to consider Rel-17 PDCCH having two TCI states.  However, in this agreement it is not clear which mTRP PDSCH scheme is applied with two TCI states when the scheduling CORESET is configured with 2 TCI states. Specifically, the following combinations can be considered.
- Combination1: Rel-17 Scheme 1 PDCCH + Rel-17 Scheme 1 PDSCH
- Combination2: Rel-17 TRP-based pre-compensation PDCCH + Rel-17 TRP-based pre-compensation PDSCH
- Combination3: Rel-17 (Scheme 1 or TRP-based pre-compensation) PDCCH + Rel-16 multi-TRP PDSCH
Based on the previous agreements, combination 1 and 2 can be supported naturally, and it has not been decided whether to support combination 3 yet. However, transmission scheme for PDSCH between Rel-17 scheme and Rel-16 MTRP scheme can be determined semi-statically based on the previous agreements. Therefore, MTRP PDSCH scheme using 2 TCI states of scheduling CORESET can be determined by the RRC configuration of Rel-17 MTRP PDSCH scheme or Rel-16 MTRP PDSCH scheme. If it is not agreed to support combination 3, UE may do not expect to be configured Rel-16 MTRP scheme for PDSCH in this case. 
Proposal #2: If the time offset between the reception of the SFN DCI without TCI field and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL, Rel-16 sDCI based MTRP PDSCH repetition or Rel-17 SFN PDSCH can be applied with two TCI states of the SFN DCI, depending on RRC configuration of mTRP PDSCH scheme.

	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



The above agreement is related to default beam behavior for the case that enableTwoDefaultTCI-States is configured. However, it has not been decided yet how to determine default beam(s) when enableTwoDefaultTCI-States is not configured and two TCI states are configured to the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot. So, the default beam behavior should also be clarified for this case. 
Proposal #3: When enableTwoDefaultTCI-States is not configured and the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and two TCI states are configured to the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot, 
· The two TCI states configured in the CORESET are applied for MTRP PDSCH reception if there is at least one TCI codepoint indicating two TCI states.
· Otherwise, one of the two TCI states, e.g., the first TCI state, is assumed as single default beam. 

· SFN PDCCH
	Agreement
In CA scenario support RRC configured set of the serving cells which can be addressed by a single MAC CE for activation of two TCI states of CORESET with the same CORESET ID for all the BWPs in the indicated CCs set
· FFS: Whether to reuse Rel-16 RRC parameters or introduce new RRC parameters.
· FFS: UE capability
· FFS: Whether/How to update the CORESET that is not configured to SFN scheme in the indicated CCs set



Based on the above agreement, simultaneous beam update for CORESETs in multiple serving cells can be supported. However, it should be clarified further how to update the CORESET that is not configured to SFN scheme in the indicated CCs set. For example, we can consider the case that Rel-17 scheme is configured to CORESET#1 in serving cell#1 and is not configured to CORESET#1 in serving cell#2. In this case, if serving cell #1 and #2 are in the RRC configured set for simultaneous beam update and two TCI states are indicated for CORESET#1 in serving cell#1, it should be decided how to update TCI state(s) of CORESET#1 in serving cell#2. In our perspective, it is natural to update CORESET#1 in serving cell#2 with the TCI states as CORESET#1 in serving cell#1 because the purpose of RRC configured set is to simultaneously update the CORESETs in the set with the same TCI state(s). So, in this case, UE can assume that the same transmission scheme is applied for the case of simultaneous beam update. 
Proposal #4: For RRC configured set of the serving cells for simultaneous beam update, the same transmission scheme, i.e., Rel-17 scheme, is assumed for CORESETs with the same CORESET ID for all the BWPs in the indicated CCs set when two TCI states are activated by a MAC CE for a CORESET in the indicated CCs set.

· BFD RS
	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



Regarding the above agreement, the maximum number of BFD RS and details on RS determination should be discussed further. It needs to be clarified whether one BFD RS pair for SFNed PDCCH is counted as one BFD RS or two BFD RSs since UE has limited capability on the number of BFD RSs or whether new UE capability is defined for SFNed PDCCH. In our perspective, new UE capability for larger number of BFD RSs should be defined with counting one BFD RS pair as two BFD RSs for the case of SFNed PDCCH. For example, the maximum number of BFD RSs can be reported by a UE. If the UE supports maximum two BFD RSs, one BFD RS pair can be used for BFD. And, if the UE supports maximum four BFD RSs, up to two BFD RS pairs can be used for BFD. In this case, one or more hypothetical BLERs can be calculated under SFN assumption based on two or more BFD RSs, so unnecessary beam failure can be avoided.
Proposal #5: UE capability for larger number of BFD RSs is supported, and one BFD RS pair for SFNed PDCCH is counted as two BFD RSs.

· SFN PDCCH monitoring 
	Agreement
When a CORESET is activated with two TCI states which overlaps with another CORESET, support extension of Rel-15 prioritization rule for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasions with different QCL-TypeD
· FFS: Prioritization rule considers CORESETs indicated with 1 and/or 2 TCI states 
· Supports identifying two QCL-TypeD properties for multiple overlapping CORESETs
· UE capability is introduced
· FFS other details
FFS: Strive to have same / similar solution as discussed under AI 8.1.2.1



Based on the above agreement, details to support identifying two QCL-TypeD properties should be clarified. For that purpose, CORESETs indicated with 1 and 2 TCI states can be considered for prioritization rule to identify two QCL-TypeD properties. And the similar solution as discussed under AI 8.1.2.1 can be considered for commonality of identifying two QCL-TypeD properties between two AIs. For this purpose, the following priority order can be considered. 
- Priority rule for identifying two QCL-TypeD properties: SS type > the number of TCI states for the configured CORESET > cell index > SS set ID
 For example, based on the proposed priority rule, if the selected SS set with highest priority is related to non-SFN PDCCH, the corresponding one QCL-typeD property can be monitored. On the other hand, if the selected SS set with highest priority is related to SFN PDCCH, two QCL-typeD properties can be monitored. Based on such enhancement, if the selected SS set with highest priority is related to SFN PDCCH, multiple PDCCHs can be simultaneously monitored based on the preferred QCL-TypeD property combination from MTRP point of view because the combination from MTRP point of view can be configured based on CSI feedback from UE, e.g., by group based beam reporting. 
Proposal #6: To support identifying two QCL-TypeD properties for multiple overlapping CORESETs, CORESETs indicated with 1 and 2 TCI states are considered for prioritization rule and the following priority order is considered. 
- SS type > the number of TCI states for the configured CORESET > cell index > SS set ID

Conclusion
In this contribution, we discuss on enhancements on HST-SFN deployment and propose the following based on the discussion.
Proposal #1: Support following two options for combination of the transmission schemes.
- Option1: Rel-17 Scheme 1 PDCCH + Rel-15 Single TRP PDSCH
- Option2: Rel-17 TRP-based pre-compensation PDCCH + Rel-15 Single TRP PDSCH
Proposal #2: If the time offset between the reception of the SFN DCI without TCI field and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL, Rel-16 sDCI based MTRP PDSCH repetition or Rel-17 SFN PDSCH can be applied with two TCI states of the SFN DCI, depending on RRC configuration of mTRP PDSCH scheme.
Proposal #3: When enableTwoDefaultTCI-States is not configured and the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and two TCI states are configured to the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot, 
· The two TCI states configured in the CORESET are applied for MTRP PDSCH reception if there is at least one TCI codepoint indicating two TCI states.
· Otherwise, one of the two TCI states, e.g., the first TCI state, is assumed as single default beam. 
Proposal #4: For RRC configured set of the serving cells for simultaneous beam update, the same transmission scheme, i.e., Rel-17 scheme, is assumed for CORESETs with the same CORESET ID for all the BWPs in the indicated CCs set when two TCI states are activated by a MAC CE for a CORESET in the indicated CCs set.
Proposal #5: UE capability for larger number of BFD RSs is supported, and one BFD RS pair for SFNed PDCCH is counted as two BFD RSs.
Proposal #6: To support identifying two QCL-TypeD properties for multiple overlapping CORESETs, CORESETs indicated with 1 and 2 TCI states are considered for prioritization rule and the following priority order is considered. 
- SS type > the number of TCI states for the configured CORESET > cell index > SS set ID
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