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1.   Introduction
[bookmark: _Hlk492027000]In RAN #106-e, the following agreements were made on the HST-SFN topic [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
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.

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

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
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
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 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

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

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

In RAN #106bis-e, the following agreements were made on the HST-SFN topic [2].
Working Assumption
Reuse legacy Rel-16 RRC parameters simultaneousTCI-UpdateList1, simultaneousTCI-UpdateList2 to define 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.

Agreement
If CSI-RS other than those configured with repetition set to 'on' is overlapping in the time domain with CORESET with two TCI states, support the first TCI state of the CORESET as the default TCI assumption for the CSI-RS.

Agreement
· Support combination of Rel-17 SFN PDCCH scheme 1 and single-TRP PDSCH 
· This is optional UE feature
· Note: The support of such combination scheme is for URLLC use-case only.

Agreement
Enhanced SFN (scheme 1 or TRP-based pre-compensation scheme) for PDCCH and PDSCH is configured by using separate per-BWP RRC parameters
· In Rel-17, all downlink BWPs (except initial BWP and FFS: BWP-DownlinkCommon) within a CC should be the same configuration of SFN scheme


Agreement
When SFN PDSCH is not configured by RRC, for PDSCH reception scheduled by DCI format 1_0, 1_1, 1_2, if the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than the threshold timeDurationForQCL,
· For DCI format 1_1/1_2, support both configurations with and without TCI state field.
· [If enableTwoDefaultTCIStates is not configured,] for both cases with and without TCI state field,
· If enhanced SFN PDCCH transmission scheme 1 is configured and the lowest CORESET ID in the latest slot is indicated with two TCI states, select the 1st TCI state of the two TCI states of the CORESET as default beam for the PDSCH reception
· FFS: Whether above applies for TRP-based pre-compensation if TRP-based pre-compensation is agreed to be support in FR2
· Otherwise, UE applies the one active TCI state of the CORESET with the lowest controlResourceSetId in the latest slot when receiving the PDSCH 

Agreement
For CSS associated with SFN CORESET, study the following alternatives and down-select in RAN1#107e:
· Alt 2: UE doesn’t expect PDCCH candidates in CSS to be associated with CORESET activated with two TCI states, except for CSS type 3 associated with CORESET configured with scheme 1
· Alt 3: If PDCCH candidates in CSS 0/0A/1/2/3 are associated with CORESET that activated with two TCI states, the first TCI state is applied for the CSS reception, except for CSS type 3 associated with CORESET configured with scheme 1.
· For CSS type 3 associated with CORESET configured with scheme 1, both TCI states can be applied for the CSS reception.
Agreement
When CORESET is indicated with two TCI states
· One BFD RS pair for SFN CORESET is counted as two BFD RSs
· FFS: Increase the maximum number of monitored BFD RSs to X.
· X is UE capability
· X = 2, 3, 4, FFS other values of X
Agreement
When two TCI states are activated for a CORESET, NBI RS can be configured as follows
· Alt 4-1: Using the existing Rel-15 NBI configuration based on single SSB / CSI-RS resource
· FFS addition support of Alt 4-2: two new beam identification CSI-RS resource sets / new beam identification CSI-RS resource pairs or SSB pairs

In this contribution, we discuss enhancements to support high speed train SFN scenario and make some observations and proposals. 
2.    Discussion
2.1 [bookmark: _Ref61427768][bookmark: _Hlk528168953]Network-based frequency pre-compensation scheme
2.1.1 Indication of the carrier frequency for UL
In RAN1 #106-e, the following agreement has been made.
	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.



The frequency pre-compensation scheme based on implicit indication uses UL RS such as SRS for estimation of the compensation frequencies. The TRS is usually configured to be periodically transmitted, with typical periodicities of 10 ms to 40 ms. While TRS is used for time and frequency tracking by the UE, there are several alternatives for UL frequency offset estimation by the TRP.
Figure 1 shows simple evaluation results for CDF of frequency offset estimation error when applying (a) one symbol SRS transmission with time-domain estimation (b) and two consecutive SRS symbols with frequency-domain estimation. We see that the frequency offset estimation error variability is lower in the case of two SRS symbols (frequency-domain estimation) but still quite large. In a practical deployment, the SRS link budget is low because of lower UE power than TRP (23 dBm vs. 46 dBm) and wider SRS bandwidth than other UL signal such as PRACH, PUCCH, and so on. Assuming low SNR of SRS signal, the estimation error can be up to 20% or 40% of the real frequency offset. Simulation results indicate that some of the performance gain of the frequency pre-compensation scheme at the mid-point track location is eroded due to large frequency offset estimation error.
(a)
(b)

[bookmark: _Ref68505950]Figure 1. Frequency offset estimation error (AWGN) with (a)	one SRS symbol (time-domain estimation) (b) two SRS symbols (frequency-domain estimation).
In order to support accurate frequency offset estimation, SRS symbol repetition can be used. When considering the interest range of SRS frequency offset estimation, simple SRS repetition of existing specification can be supported without introduction of new SRS pattern. 
Observation 1: Existing SRS configuration can be reused for SRS-based frequency offset estimation.
If SRS spatial relation is configured with a TRS, it can be both for spatial relation and path loss calculation. However, for supporting SRS-based frequency pre-compensation, the SRS transmission should have different spatial relation RS and pathloss RS, which cannot be supported by the existing SRS transmission. If the SRS is configured with a spatial relation to the primary TRP, received SNR of the SRS signal in the other TRP is expected to be very poor. In addition, for FR2, there is no option to support simultaneous two-panel transmission, so SRS should be sent to two TRPs separately. Therefore, the UE can be configured with two SRS resources. The SRS within each resource is configured with a spatial relation RS and path loss RS corresponding to a different TRP. SRS transmission in the two resources can then enable proper frequency offset estimation at each TRP. In the existing SRS configuration, only one spatial relation is configured for a SRS resource set. In order to support proper SRS transmission, an additional spatial relation or path-loss RS shall be configured for the SRS resource set. 
Observation 2: Single SRS transmission toward one TRP may degrade the frequency offset estimation in the other TRP. 
Proposal 1: For SRS based frequency offset estimation, UE should be configured with two SRS resources to different TRPs, where each SRS resource is configured with a different spatial relation or PL-RS.

2.2 SFN transmission of PDCCH
Enhancement of SFN transmission of PDCCH is also supported in Rel-17 with either scheme 1 or TRP-based frequency pre-compensation. It is agreed that PDCCH enhancement for SFN transmission is supported through activation of two TCI states using enhanced MAC-CE signalling. Open issues remain, however, related to the definition of default TCI state(s) for PDSCH if a CORESET is activated with two TCI states. Additionally, default TCI state definition must also be considered when PDCCH in a CORESET activated with a single TCI state (i.e., Rel-15/16 PDCCH) schedules a PDSCH configured with a Rel-17 HST-SFN enhancement scheme (if allowed).
2.2.1 MAC CE activation
In RAN1 #106-e, it was agreed that in CA scenario, a single MAC CE can activate two TCI states of CORESET with the same CORESET ID for all the BWPs in a set of serving cells that is configured by RRC. In RAN1 #106bis-e, the following working assumption was made.
	Working Assumption
Reuse legacy Rel-16 RRC parameters simultaneousTCI-UpdateList1, simultaneousTCI-UpdateList2 to define 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 our view, from RAN1 perspective, there is no need to have a separately configured list of serving cells in RRC, and the RRC configuration for the list of serving cells that can be updated simultaneously for TCI relation with MAC CE can be reused.  Therefore, we agree that the working assumption can be confirmed.
Proposal 2: Confirm the working assumption from RAN1 #106bis-e to reuse legacy Rel-16 RRC parameters simultaneousTCI-UpdateList1, simultaneousTCI-UpdateList2 to define 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.
A related issue is for UE capability for supporting this feature. It is not critical to separate the Rel-16 UE capability from the capability to support the Rel-17 MAC CE activation of two TCI states to avoid increasing the number of UE capabilities.
Proposal 3: A new UE capability is not defined for a single MAC CE to activate two TCI states of CORESET with the same CORESET ID for all the BWPs in a set of configured serving cells.
Another issue is related to handling a CORESET of a CC in the list of serving cells that is not configured with the Rel-17 SFN scheme. A simple solution is to avoid a mismatch between the RRC CC list configuration and RRC configuration for SFN PDCCH (within BWP) via implementation.

2.2.2 Default TCI state for PDSCH 
In RAN1 #106-e, the following agreement was made on the default beam for PDSCH when scheduled by DCI without the TCI field.
	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



The agreement included the applicability to DCI formats 1_1 and 1_2 in square brackets. During RAN1 #106bis-e, the topic was discussed, and the moderator made the following proposal based on company inputs.
Proposal #4-5: 
· Apply the same rule for determining default TCI state for PDSCH scheduled by DCI format 1_1 and DCI format 1_2 as PDSCH scheduled by DCI format 1_0, for the case when the time offset between the DL DCI and the corresponding PDSCH is equal or larger than a threshold, and if there is no TCI field in the scheduling DCI

In our view, there is no need to force the inclusion of the TCI field in the DCI when applying the TCI state(s) of the scheduling CORESET for receiving PDSCH. In this case, the TCI field in the DCI is redundant. Therefore, the above agreement can also be applicable to DCI formats 1_1 and 1_2 with no TCI field in the scheduling DCI with DCI formats 1_1 and 1_2, and we support the moderator’s proposal.
Proposal 4: Apply the same rule for determining default TCI state for PDSCH scheduled by DCI format 1_1 and DCI format 1_2 as PDSCH scheduled by DCI format 1_0, for the case when the time offset between the DL DCI and the corresponding PDSCH is equal or larger than a threshold, and if there is no TCI field in the scheduling DCI.
In RAN1 #106bis-e, the following agreement was made on the default TCI for PDSCH if the scheduling offset is smaller than a threshold.
	Agreement
When SFN PDSCH is not configured by RRC, for PDSCH reception scheduled by DCI format 1_0, 1_1, 1_2, if the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than the threshold timeDurationForQCL,
· For DCI format 1_1/1_2, support both configurations with and without TCI state field.
· [If enableTwoDefaultTCIStates is not configured,] for both cases with and without TCI state field,
· If enhanced SFN PDCCH transmission scheme 1 is configured and the lowest CORESET ID in the latest slot is indicated with two TCI states, select the 1st TCI state of the two TCI states of the CORESET as default beam for the PDSCH reception
· FFS: Whether above applies for TRP-based pre-compensation if TRP-based pre-compensation is agreed to be support in FR2
· Otherwise, UE applies the one active TCI state of the CORESET with the lowest controlResourceSetId in the latest slot when receiving the PDSCH 



In our understanding, the condition within the square brackets in the above agreement is required because clearly the subsequent first sub-bullet applies to Rel-16 operation. In that case, with the alternative condition that enableTwoDefaultTCIStates is configured, the Rel-16 rule is applicable where the QCL is associated with TCI states corresponding to lowest codepoint among codepoints containing two different TCI states. Therefore, we propose to remove the square brackets in the agreement.
Proposal 5: Remove the square brackets around the condition “If enableTwoDefaultTCIStates is not configured,” in the agreement on default TCI when SFN PDSCH is not configured by RRC and the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than the threshold timeDurationForQCL.
In our view, the rule agreed for the case where scheme 1 is configured for PDCCH can also apply to the case of TRP-based pre-compensation if TRP-based pre-compensation is agreed to be supported in FR2.
Proposal 6: The rule for default TCI when SFN PDSCH is not configured by RRC and the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than the threshold timeDurationForQCL also applies if TRP-based pre-compensation is configured for PDCCH, if TRP-based pre-compensation is agreed to be support in FR2.

2.2.3 BFR support
When a CORESET is indicated with two TCI states, it was agreed that one BFD RS pair for SFN CORESET is counted as two BFD RSs. However, it is not fully clear that the UE can consider such assumption when there is a CORESET with a single TCI state and the number of BFD RSs are limited to two. When UE is configured with both single and two TCI state CORESETs but the UE is only capable of the current maximum number of BFD-RS (UE assumes set of q0 to include up to two RS), the total number of BFD RSs is exceeded in the implicit configuration if the UE selects all RSs in the two CORESETs. In this case, the UE should select one TCI (and one RS) from the CORESET with two TCI states and one RS from the CORESET with one TCI state. In this manner, the current maximum number for one set of q0 is not exceeded and both CORESETs are monitored for failure detection. In one option, the selected RS from the CORESET with two TCI states could be the one with shorter periodicity.
Proposal 7: When configured with two CORESETs with one or two active TCI States and the number of monitored BFD-RSs is 2, UE selects one RS from one CORESET and one RS from another CORESET.
In RAN1 #106bis agreement, it is also mentioned that whether to increase the maximum number X of monitored BFD RSs based on UE capability can be further studied (values of X = 2, 3, 4 are proposed for initial consideration). The maximum number of BFD-RSs monitored by the UE in the current specification is 2. This is, however, with a maximum of one TCI state for up to three configured CORESETs. With the possibility to configure CORESETs with two TCI states, it would be useful to increase the maximum number of monitored BFD RSs based on UE capability.
Proposal 8: Support increasing the maximum number of monitored BFD-RSs to up to 4 based on UE capability.
When supporting more than 2 number of monitored BFD-RSs, it is also required to clarify how the UE selects these BFD-RSs from activated TCI state(s) of CORESETs. Here, it seems reasonable to consider following scenarios, 
· Case 1: All CORESETs are activated with two TCI states. 
· Case 2: Some CORESETs are activated with single TCI state and others are activated with two TCI states. 
If the number BFD RSs is equal to 3, the UE may select two RS from one SFN CORESET and the first RS from another SFN CORESET or select two RS from one SFN CORESET and one RS from another non-SFN CORESET for Case 1 or Case 2, respectively. This may be bit different when the number of RSs equal to 4, where the UE may need to select two RSs from one SFN CORESET and two RSs from another SFN CORESET for Case 1. For Case 2, the UE may select two RS from one SFN CORESET, one RS from another non-SFN CORESET, and the last RS from remaining CORESET (SFN or non-SFN CORESET). In summary, for X = 3 or 4 BFD-RSs, the UE can select RSs from both SFN and non-SFN (if available) CORESETs. The rule is generalized in the following proposal.
Proposal 9: When supporting number of monitored BFD-RSs as 3 or 4 based on UE capability:
· If all CORESETs are SFN-CORESETs, one BFD RS pair for SFN CORESET is counted as two BFD RSs and remaining one or two BFD-RSs are selected from first TCI state (for X = 3) or both TCI states (for X = 4) of SFN CORESET, respectively. 
· If CORESETs are a mix of SFN-CORESET(s) and non-SFN CORESET(s), 
· if X = 3, one BFD RS pair for SFN CORESET is counted as two BFD RSs and remaining one BFD-RSs are selected from TCI state of non-SFN CORESET.
· if X = 4, one BFD RS pair for SFN CORESET is counted as two BFD RSs and remaining two BFD-RSs are selected from the TCI state of non-SFN CORESET and one TCI state from the remaining CORESET. 
The following agreement was made in RAN1 #106bis-e.
Agreement
When two TCI states are activated for a CORESET, NBI RS can be configured as follows
· Alt 4-1: Using the existing Rel-15 NBI configuration based on single SSB / CSI-RS resource
· FFS addition support of Alt 4-2: two new beam identification CSI-RS resource sets / new beam identification CSI-RS resource pairs or SSB pairs

Even though RAN1 agreed not to include enhanced MAC-CE signalling when CORESETPoolindex is configured, there may be extensions in general of per-TRP BFR with S-DCI based M-TRP modes. With SFN, there can be two alternative options for a case where CORESET is activated with two TCI states. The first option is corresponding to Rel-15 principle, using both CSI-RS as the q0 BFD-RSs and determining beam failure when all the RSs in the set of q0 are in failure condition i.e. below the quality threshold. The second option is applying Rel-17 multi-TRP BFR principle: defining two sets of BFD-RSs for two TRPs and deriving BFD-RS per TRP based on further clarification of BFD-RS to TRP association. 
For beam failure recovery in SFN operation, UE could be configured with the information that which of the DL RS of a cell can be assumed to be valid for SFN operation within the serving cell. When UE performs beam failure recovery, it could utilize the information for candidate beam selection. In release 17 the BFR is enhanced to cover beam failure recovery for M-TRP operation where UE determines failure per BFD-RS set and can indicate candidate for the failed BFD-RS set ( up to 2 sets can be configured). If the RSs indicated by the 2 active TCI states for a CORESET are included in the different sets of BFD-RS, UE could recover the failed RS and indicate a new candidate that is suitable for continuing SFN operation. If UE indicates new candidate beam for recovery that is not suitable for continuing the SFN operation, or UE is not able to select any candidate beam, UE may not assume SFN to continue. 

Proposal 10: When two TCI states are activated for a CORESET, 
· Support Alt 4-2: two new beam identification CSI-RS resource sets / new beam identification CSI-RS resource pairs or SSB pairs.
· The UE can be configured with additional information that indicates a candidate beam or a candidate beam pair (pairs) that support SFN operation. If the UE indicates candidate beam or candidate beam pair for beam failure that supports SFN operation, the UE can continue with SFN operation after BFR.
In case of 2 BFD-RS sets (with corresponding NBI-RS sets/candidate beam sets) the additional information could indicate the resource sets that can be used for SFN operation i.e., if UE recovers one failed beam it can select candidate beam that is suitable for continuing SFN operation based on the additional information. In case of 1 BFR-RS set (that includes RSs indicated by both TCI states) the candidate beam /NBI-RS set can indicate an RS index that points to the resource pair that is suitable for SFN operation.

3. Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we discuss the sub-objective of multi-TRP/panel transmission related to enhancement for HST-SFN. The following observations and proposals are made.
Observation 1: Existing SRS configuration can be reused for SRS-based frequency offset estimation.
Observation 2: Single SRS transmission toward one TRP may degrade the frequency offset estimation in the other TRP. 
Proposal 1: For SRS based frequency offset estimation, UE should be configured with two SRS resources to different TRPs, where each SRS resource is configured with a different spatial relation or PL-RS.
Proposal 2: Confirm the working assumption from RAN1 #106bis-e to reuse legacy Rel-16 RRC parameters simultaneousTCI-UpdateList1, simultaneousTCI-UpdateList2 to define 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.
Proposal 3: A new UE capability is not defined for a single MAC CE to activate two TCI states of CORESET with the same CORESET ID for all the BWPs in a set of configured serving cells.
Proposal 4: Apply the same rule for determining default TCI state for PDSCH scheduled by DCI format 1_1 and DCI format 1_2 as PDSCH scheduled by DCI format 1_0, for the case when the time offset between the DL DCI and the corresponding PDSCH is equal or larger than a threshold, and if there is no TCI field in the scheduling DCI.
Proposal 5: Remove the square brackets around the condition “If enableTwoDefaultTCIStates is not configured,” in the agreement on default TCI when SFN PDSCH is not configured by RRC and the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than the threshold timeDurationForQCL.
Proposal 6: The rule for default TCI when SFN PDSCH is not configured by RRC and the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than the threshold timeDurationForQCL also applies if TRP-based pre-compensation is configured for PDCCH, if TRP-based pre-compensation is agreed to be support in FR2.
Proposal 7: When configured with two CORESETs with one or two active TCI States and the number of monitored BFD-RSs is 2, UE selects one RS from one CORESET and one RS from another CORESET.
Proposal 8: Support increasing the maximum number of monitored BFD-RSs to up to 4 based on UE capability.
Proposal 9: When supporting number of monitored BFD-RSs as 3 or 4 based on UE capability:
· If all CORESETs are SFN-CORESETs, one BFD RS pair for SFN CORESET is counted as two BFD RSs and remaining one or two BFD-RSs are selected from first TCI state (for X = 3) or both TCI states (for X = 4) of SFN CORESET, respectively. 
· If CORESETs are a mix of SFN-CORESET(s) and non-SFN CORESET(s), 
· if X = 3, one BFD RS pair for SFN CORESET is counted as two BFD RSs and remaining one BFD-RSs are selected from TCI state of non-SFN CORESET.
· if X = 4, one BFD RS pair for SFN CORESET is counted as two BFD RSs and remaining two BFD-RSs are selected from the TCI state of non-SFN CORESET and one TCI state from the remaining CORESET. 
Proposal 10: When two TCI states are activated for a CORESET, 
· Support Alt 4-2: two new beam identification CSI-RS resource sets / new beam identification CSI-RS resource pairs or SSB pairs.
· The UE can be configured with additional information that indicates a candidate beam or a candidate beam pair (pairs) that support SFN operation. If the UE indicates candidate beam or candidate beam pair for beam failure that supports SFN operation, the UE can continue with SFN operation after BFR.
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