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Introduction
In the previous meeting, there were several agreements related to Rel-17 SFNed transmission as follows [1]. 
	Agreement
Confirm the following working assumption from RAN1#104b-e:
All QCL source RS resource types as defined in TCI state for Rel-16 multi-TRP are supported for scheme 1.

Agreement
UE is not expected to be indicated by MAC CE with single TCI state per any of TCI codepoint, if UE is configured with scheme 1 PDSCH by RRC , but not capable to support dynamic switching between scheme 1 and single-TRP by TCI state field in DCI Format 1_1/1_2

Agreement
For specification based TRP-based frequency offset pre-compensation scheme
· Support dynamic (DCI -based) switching with single-TRP scheme by TCI state field in DCI format 1_1/1_2 
· This feature is UE optional
· UE is not expected to be indicated by MAC CE with single TCI state per any of TCI codepoint , if UE is configured with TRP-based frequency PDSCH by RRC , but not capable to support dynamic switching between TRP-based frequency and single-TRP by TCI state field in DCI Format 1_1/1_2
· Support semi-static (RRC based) switching with Rel-16 schemes 1a, 2a, 2b, 3, 4
· Support semi-static (RRC based) switching with Rel-17 scheme 1 (PDSCH)

Agreement
Enhanced MAC CE signaling is not applicable to any of the configured CORESETs in a BWP if the CORESETs are configured with different CORESETPoolindex values in the BWP.

Working Assumption
For TRP-based pre-compensation, Variant A (based on RAN1#103-e meeting agreement) are supported as QCL types/assumption, when the same DMRS port(s) are associated with two TCI states.
· FFS: Additional support of Variant B

Agreement
· For TRP-based pre-compensation QCL assumptions is provided to the UE by using the existing QCL type(s) with certain QCL parameters dropped from the indicted QCL type 
· FFS rule or signalling to determine which TCI state with dropped QCL parameters
· UE does not expect to be configured different SFN schemes (scheme 1 or TRP pre-compensation) for both PDCCH and PDSCH. 
· FFS whether this restriction is per UE or per CC
· UE does not expect to be configured different SFN schemes (scheme 1 or TRP pre-compensation) for different CORESETs. 
· FFS whether this restriction is per UE or per CC

Agreement
Enhanced SFN PDCCH transmission scheme (scheme 1 or TRP-based pre-compensation) is identified by the number of TCI states activated per CORESET and RRC parameter
· FFS: Configuration detail of RRC parameter 
· Including whether the same RRC parameter is used for PDCCH and PDSCH

Agreement
If enhanced SFN PDCCH transmission scheme (scheme 1 or TRP -based pre-compensation) is configured and a CORESET is activated with two TCI states and UE is configured with enableTwoDefaultTCI-States and time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, down-select rule to determine default beam(s) for Rel-17 SFN PDSCH reception in RAN1#106-e:
· Alt 1: Reuse rule to determine TCI states as defined for Rel-16 PDSCH scheme-1a
· Alt 2: Introduce new rules to determine TCI states based on two TCI state(s) of the CORESET 

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



Discussion
Enhancements on PDSCH
Regarding TRP-based scheme, one of the issues is whether or how to support QCL-like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step for frequency offset pre-compensation. Figure 1 shows Doppler shift compensation at TRPs.  
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Figure 1. Doppler shift compensation at two TRPs
If DL Doppler shift is compensated at a specific TRP by using difference between TRPs as shown in Figure 1, then gNB can compensate DL Doppler shift by gNB implementation. For example, if TRP1 compensates frequency offset between TRP1 and TRP2, gNB can configure TRS2 from TRP2 as QCL reference RS for Doppler shift for the pre-compensated PDSCH, and vice versa. Since gNB can measure the difference on frequency offset regardless of UE’s DL reference for transmitting each UL RS, the association between DL RS and UL RS is not needed. 
 Proposal #1: Association between DL RS and UL RS for frequency offset pre-compensation is not needed. 

In the last meeting, there was a working assumption about supporting of Variant A for QCL types/assumption for TRP-based pre-compensation. As shown in Figure 1, when the frequency offset between two TRPs is compensated at TRP2, TRS from TRP1 can be configured as QCL reference RS for Doppler shift and Doppler spread. So, Variant A is sufficient solution to support TRP-based pre-compensation scheme. The main motivation of Variant B is to support backward compatibility. Specifically, Variant B assumes SFNed TRS as QCL reference RS for average delay and delay spread and non-SFNed TRS as QCL reference RS for Doppler shift and Doppler spread. However, in this case, a UE should track SFNed TRS in addition to two non-SFNed TRS even if the UE supports Rel-17 TRP-based pre-compensation scheme. So, Variant B can increase unnecessary UE complexity and TRS overhead. Therefore, the working assumption should be confirmed without additional support of Variant B. 
Proposal #2:  Confirm the working assumption about supporting of Variant A for QCL types/assumption for TRP-based pre-compensation. 

One more issue related to QCL assumption is how to support Variant A based on the existing QCL type(s). Based on the previous agreements regarding scheme switching, TRP-based pre-compensation scheme can be distinguished from Rel-16 MTRP schemes or Rel-17 scheme 1, which requires indication of two TCI states, based on RRC configuration. Consequently, a UE can expect TRP-based pre-compensation scheme if the scheme is configured by RRC and two TCI states are indicated by DCI. In that case, the UE can expect Variant A for QCL assumption and it can be defined to ignore {Doppler shift, Doppler spread} for a specific TCI state among two TCI states, e.g., the second TCI state. 
Proposal #3: Support to ignore {Doppler shift, Doppler spread} for the second TCI state among the indicated two TCI states if TRP-based pre-compensation scheme is configured by RRC and two TCI states are indicated by DCI.

Enhancements on PDCCH
The UE behaviors for PDSCH default beam should be discussed for the case that two TCI states are configured for a CORESET. For the discussion of PDSCH default beam behavior, the following cases can be considered. 
· Case A: The PDSCH is scheduled by a DCI format not having the TCI field present and the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL
· Case B: The offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL

Regarding Case A, the legacy behavior is that the UE assumes that the TCI state for the PDSCH is identical to the TCI state of the CORESET containing its scheduling DCI. So, the default beam behavior should be clarified when two TCI states are configured in the CORESET used for the PDCCH transmission. For that case, two TCI states configured in the CORESET can be assumed as two default beams if PDSCH is transmitted from MTRP. To this end, UE first needs to know whether PDSCH from MTRP or from STRP, and it can be done by whether there is at least one TCI codepoint indicating two TCI states. Based on these two default beams, UE can receive PDSCH from MTRP in SFN/TDM/FDM/SDM manner. Otherwise, one of the two TCI states, e.g., the first TCI state, can be assumed for single default beam similar to the legacy behavior. With this default beam behavior, gNB can have flexibility on the configuration of an appropriate default beam behavior for a UE capable of the two default beam behavior.
Proposal #4: When the PDSCH is scheduled by a DCI format not having the TCI field present and the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL and two TCI states are configured to the CORESET used for the PDCCH transmission, 
· 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 beam for the PDSCH. 

Regarding Case B, the legacy behavior is that the UE assumes that the DM-RS ports of PDSCH(s) are quasi co-located with the QCL reference RS(s) in the TCI state of 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 when two TCI states are configured in the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot. 
Proposal #5: When 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. 

There was an agreement related to default beam behavior for the case that enableTwoDefaultTCI-States is configured. If there is no enhancement, two default beam behavior can be supported based on the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. However, in this case, MAC-CE signaling is needed in order to change two default beams, so it causes additional MAC-CE overhead for default beam indication. Rather than depending on lowest TCI codepoint, it is desirable to determine default beams based on TCI states of CORESET, if the CORESET is configured with 2 TCI states as follows.
Proposal #6: If UE is configured with enableTwoDefaultTCI-States and time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL,
· If 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. 
· Otherwise, the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states are applied for MTRP PDSCH reception.

The UE behavior regarding beam failure for the case when two TCI states are configured for a CORESET should be discussed and clarified. The issue is related to relationship between BFD RS sets and two TCI states configured for a CORESET. The UE should know how to use two TCI states for BFD. For this purpose, one hypothetical BLER under SFN assumption of BFD RS pair can be considered. That is when two TCI states are configured to a CORESET and BFD RS is not explicitly configured by RRC, then a UE can assume both TCI states as BFD RS pair and calculate hypothetical BLER under SFN assumption of that BFD RS pair. In the case of SFNed PDCCH, such assumption can provide more accurate hypothetical BLER for SFN transmission. 
Proposal #7: When two TCI states are configured to a CORESET and BFD RS is not explicitly configured by RRC, a UE can assume both QCL type-D RSs in the TCI states as BFD RS pair and calculate hypothetical BLER under SFN assumption of that BFD RS pair.

It also 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 #8: UE capability for larger number of BFD RSs is supported, and one BFD RS pair for SFNed PDCCH is counted as two BFD RSs.

For SFN based M-TRP PDCCH transmission, in addition, PDCCH monitoring behavior in case of colliding multiple CORESETs with different QCL type-D should be carefully investigated. We can start discussion with the following simple cases:
- CORESET 1 with 2 TCI states collides with CORESET 2 with 1 TCI state
- Case 1: One of two QCL type-D properties of CORESET 1 is the same as CORESET 2
- Case 2: Two QCL type-D properties of CORESET 1 are different from CORESET 2
In Case 1, UE can monitor CORESET 1 and CORESET 2 at the same time since UE is capable of monitoring PDCCH(s) with up to two different QCL type-D. On the other hand, in Case 2, since three different QCL type-D RS are configured at the same time UE have to choose up to two among the three. If CORESET 1 is prioritized based on legacy rule, then CORESET 1 is monitored and CORESET 2 is dropped. Meanwhile if CORESET 2 is prioritized based on legacy rule, then UE may be still able to monitor the CORESET 1 as well with one of two QCL type-D RS configured for the COERSET 1. As a result, in this case, UE can monitor COERSET 1 with non-SFN manner and COERSET 2 at the same time. 
Proposal #9: Clarify UE behavior when CORESET with multiple QCL type-D RSs is overlapped with another CORESET(s).

Conclusion
In this contribution, we discuss on enhancements on HST-SFN deployment and propose the following based on the discussion.
Proposal #1: Association between DL RS and UL RS for frequency offset pre-compensation is not needed. 
Proposal #2:  Confirm the working assumption about supporting of Variant A for QCL types/assumption for TRP-based pre-compensation. 
Proposal #3: Support to ignore {Doppler shift, Doppler spread} for the second TCI state among the indicated two TCI states if TRP-based pre-compensation scheme is configured by RRC and two TCI states are indicated by DCI.
Proposal #4: When the PDSCH is scheduled by a DCI format not having the TCI field present and the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL and two TCI states are configured to the CORESET used for the PDCCH transmission, 
· 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 beam for the PDSCH. 
Proposal #5: When 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 #6: If UE is configured with enableTwoDefaultTCI-States and time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL,
· If 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. 
· Otherwise, the two TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states are applied for MTRP PDSCH reception.
Proposal #7: When two TCI states are configured to a CORESET and BFD RS is not explicitly configured by RRC, a UE can assume both QCL type-D RSs in the TCI states as BFD RS pair and calculate hypothetical BLER under SFN assumption of that BFD RS pair.
Proposal #8: 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 #9: Clarify UE behavior when CORESET with multiple QCL type-D RSs is overlapped with another CORESET(s).
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