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Introduction
In RAN1#105e, the following agreement on HST-SFN deployment was achieved: [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

In this paper, we will present our opinions on this issue.

Discussion
gNB Doppler pre-compensation 
In RAN1#104b meeting, after intensive discussion, a great progress has been made, i.e, gNB Doppler pre-compensation scheme for FR1 is supported. Regarding gNB how to achieve the Doppler information, it is natural and reasonable that UL RS based Doppler estimation by gNB shall be supported. Due to typical CSI inaccuracy in high speed scenario, we are not clear about the benefit of supporting DL RS based report by UE. Evaluation and justification should be needed.
Proposal 1: For gNB Doppler pre-compensation, at least UL RS based Doppler estimation by gNB should be supported.
In RAN1#102e meeting, three steps for TRP-based frequency offset pre-compensation scheme have been listed for consideration. To realize aligned PDSCH transmission for step 3, the reference RRH should be common understanding between gNB and UE. Considering TRS from non-reference RRH could not be as the source RS providing Doppler related parameter, QCL/TCI relation should be rethought.
In RAN1#103e meeting, when the same DMRS port(s) are associated with two TCI states containing TRS as source reference signal, some candidate QCL variants, i.e., Variant A/B/C/E has been listed. For Variant E, both TCI states provides integrated channel large scale parameters per RRH. It can be used for gNB Doppler pre-compensation scheme while additional spec work is needed to indicate meaninglessness of Doppler spread/Doppler shift parameters from one TCI state for non-reference RRH. Variant A/B/C aims to be used for pre-gNB compensation scheme. In current spec QCL-TypeB is only used for CSI acquisition. Therefore, we don’t prefer Variant B for within it QCL-TypeB is used for PDSCH. We have not seen the use case for Variant C. Relatively, Variant A is one simple and clean solution. Thus, we have the following the proposal:
Proposal 2: Confirm the working assumption: For TRP-based pre-compensation, Variant A is supported as QCL types/assumption, when the same DMRS port(s) are associated with two TCI states.
In RAN1#105e meeting, it has been agreed that for TRP based pre-compensation, QCL assumption is provided by using the existing QCL type with certain QCL parameters dropped from the indicated QCL type. Regarding which TCI sate with dropped QCL parameters, one simple and flexible method is to reuse the reserved bit in MAC CE for CORESET TCI state configuration and/or MAC CE for PDSCH TCI state configuration. 
[bookmark: _GoBack]Proposal 3: Support to indicate which TCI state with dropped QCL parameters by MAC CE.
Enhanced SFNed PDCCH
In Rel-15/16, for one CORESET only one TCI state could be configured. In Rel-17, it has been agreed that one CORESET could be configured with two TCI states to improve the reliability for FR1 and FR2. Next, we would discuss about some issues related to CORESET with two TCI states.
PDCCH monitoring:
[bookmark: OLE_LINK1]In Rel-15/16, if a UE is configured for single cell operation or for operation with carrier aggregation in a same frequency band, and monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that have same or different QCL-TypeD properties on active DL BWP(s) of one or more cells, the UE monitors PDCCHs only in a CORESET, and in any other CORESET from the multiple CORESETs having same QCL-TypeD properties as the CORESET, on the active DL BWP of a cell from the one or more cells, which corresponds to the CSS set with the lowest index in the cell with the lowest index containing CSS, if any; otherwise, to the USS set with the lowest index in the cell with lowest index, and the lowest USS set index is determined over all USS sets with at least one PDCCH candidate in overlapping PDCCH monitoring occasions.
In Rel-17, if UE supports scheme 1 and/or gNB Doppler pre-compensation, and could simultaneously receive two different QCL-typeD properties RSs, and if directly reusing Rel-15 PDCCH monitoring rule, then the benefit of scheme 1 and/or gNB Doppler pre-compensation could not be ensured. Thus, in our opinion, when a CORESET is activated with two TCI states, in overlapping monitoring occasion with different QCL-TypeD properties, search spaces associated with CORESETs configured with two active TCI states should have high priority than search spaces associated with CORESETs configured with single TCI state, no matter what the SS type is.
[bookmark: OLE_LINK17]Proposal 4: In an overlapping PDCCH monitoring occasion, search space(s) associated with CORESET with two active states prioritize over search space(s) associated with CORESET with one active state.

Default TCI state for PDSCH:
In Rel-15, the TCI state of CORESET with lowest ID UE monitoring in the latest slot can be used as default QCL assumptions for single TRP PDSCH/AP CSI-RS. In Rel-17, one CORESET can be configured with more than one TCI states. For single TRP PDSCH, if the CORESET with lowest ID UE monitoring in the latest slot is configured with two active TCI states, the default QCL assumptions are ambiguous for UE that which TCI state can be used to determine the default QCL assumptions. To avoid ambiguity, a pre-defined rule e.g. the first TCI state or the TCI state with lowest ID can be considered to determine the default QCL assumptions. 
Proposal 5: When one CORESET configured with two TCI states, for default QCL assumptions ambiguous issue for single TRP PDSCH, support the default QCL assumptions based on a pre-defined rule, e.g. the first TCI state or the TCI state with lowest ID of the CORESET with lowest ID. 
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]For default TCI state of PDSCH of scheme 1 and/or gNB Doppler pre-compensation, we prefer to follow the principle for R16 M-TRP PDSCH, i.e.,TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. 
Proposal 6: For default TCI state for PDSCH of scheme1 and/or gNB Doppler pre-compensation, support the default QCL assumptions based on the lowest codepoint among the TCI codepoints containing two different TCI states. 

Default TCI state for AP CSI-RS:
In Rel-15, for single TRP case, when there is no any other DL signal with an indicated TCI state in the same symbols as the AP CSI-RS, the default QCL assumption for the AP CSI-RS is the QCL assumption used for the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored.
In Rel-16, for UE is configured  enableTwoDefaultTCIStates and at least one TCI codepoint is mapped to two TCI states, when there is no any other DL signal with an indicated TCI state in the same symbols as the AP CSI-RS, the default TCI state for the AP CSI-RS is the first one of two TCI states corresponding to the lowest TCI codepoint among those mapped to two TCI states and applicable to the PDSCH within the active BWP of the cell in which the CSI-RS is to be received when receiving the aperiodic CSI-RS.
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]When UE is configured with scheme 1 and/or gNB pe-compensation, we prefer to follow the principle for R16 S-DCI based M-TRP PDSCH, i.e., the default TCI state is the first one of two TCI states corresponding to the lowest TCI codepoint among those mapped to two TCI states and applicable to the PDSCH 
Proposal 7: When configured with scheme 1 and/or gNB Doppler pre-compensation, for default TCI state for AP CSI-RS, if there is no any other DL signal with an indicated TCI state in the same symbols as the AP CSI-RS, the default TCI state for the AP CSI-RS is the first one of two TCI states corresponding to the lowest TCI codepoint among those mapped to two TCI states and applicable to the PDSCH.

Default spatial information/PL RS for PUSCHS/PUCCH/SRS:
In Rel-16, for PUSCH scheduled by DCI format 0_0 and if the high layer parameter enableDefaultBeamPL-ForPUSCH0  is set ‘enabled’, the UE is not configured with PUCCH resources on the active UL BWP and the UE is in RRC connected mode, or, the UE is configured with PUCCH resources on the active UL BWP where all the PUCCH resource(s) are not configured with any spatial relation and the UE is in RRC connected mode, the UE shall transmit PUSCH according to the spatial relation, if applicable, with a reference to the RS configured with qcl-Type set to 'typeD' corresponding to the QCL assumption of the CORESET with the lowest ID on the active DL BWP of the cell.
If the CORESET with lowest ID on the active DL BWP is configured with two active TCI states, the default spatial relation is ambiguous for UE that which TCI state can be used to determine the default spatial relation assumptions for PUSCH scheduled by DCI format 0_0. To avoid ambiguity, a pre-defined rule e.g. the first TCI state or the TCI state with lowest ID can be considered to determine the default spatial relation.
Proposal 8: When one CORESET configured with two TCI states, for default spatial relation assumption ambiguous issue for PUSCH scheduled by DCI format  0_0 when PUCCH resources not configured, support the default spatial relation assumptions based on a pre-defined rule, e.g. the first TCI state or the TCI state with lowest ID of the CORESET with lowest ID. 
Likewise, if the CORESET with lowest ID on the active DL BWP is configured with two active TCI states, the default spatial relation is ambiguous for UE that which TCI state can be used to determine the default spatial relation assumptions for PUCCH and SRS. To avoid ambiguity, a pre-defined rule e.g. the first TCI state or the TCI state with lowest ID can be considered to determine the default spatial relation.
Proposal 9: When one CORESET configured with two TCI states, for default spatial relation assumption ambiguous issue for PUCCH and SRS, support the default spatial relation assumptions based on a pre-defined rule, e.g. the first TCI state or the TCI state with lowest ID of the CORESET with lowest ID. 
Issues related to BFR:
In Rel-15/16 PScell/Scell procedure, if the UE is not explicitly provided with BFD-RS for a BWP of the serving cell, the UE determines BFD-RS 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 BFD-RS set includes RS indexes configured with qcl-Type set to 'typeD' for the corresponding TCI states. The UE expects the BFD-RS set to include up to two RS indexes. 
When the two TCI states are configured for CORESET for a BWP of the serving cell, regarding per cell BFD-RS set implicitly determination, like R16 Scell BFR, optimization is not required, i.e., RS of CORESETs with both single and two TCI states could be used. How to select is up to UE’s implementation.
Proposal 10: When one CORESET configured with two TCI states, for cell level BFR, support no enhancement on implicit BFD-RS determination, and explicit BFD-RS configuration.

PTRS enhancement
In Rel-15, PTRS is introduced to assist UE/gNB to do phase noise estimation. For DL, up to two PTRS ports could be configured. If two PTRS ports are configured, they should be associated with different DMRS CDM group. Each PTRS port is associated with the strongest port among DMRS ports or corresponding CDM group.
For scheme 1 and/or gNB pre-compensation scheme, the same DMRS port(s) are configured with two TCI states. In general, each TCI state is corresponding to one transmitter and the phase noise from different transmitters are different. In other words, each TCI state shall be associated one PTRS respectively. In light of Rel-15, the same DMRS port(s) is only associated with one PTRS port. Thus, to ensure the performance of scheme 1 and/or gNB pre-compensation scheme, we support to enhance PTRS.
[bookmark: OLE_LINK16][bookmark: OLE_LINK18]Proposal 10: For scheme 1 and/or gNB pre-compensation scheme, support PTRS enhancement.

Conclusion 
In this contribution, we provide our opinions on HST-SFN deployment scenario:
Proposal 1: For gNB Doppler pre-compensation, at least UL RS based Doppler estimation by gNB should be supported.
Proposal 2: Confirm the working assumption: For TRP-based pre-compensation, Variant A is supported as QCL types/assumption, when the same DMRS port(s) are associated with two TCI states.
Proposal 3: Support to indicate which TCI state with dropped QCL parameters by MAC CE.
Proposal 4: In an overlapping PDCCH monitoring occasion, search space(s) associated with CORESET with two active states prioritize over search space(s) associated with CORESET with one active state.
Proposal 5: When one CORESET configured with two TCI states, for default QCL assumptions ambiguous issue for single TRP PDSCH, support the default QCL assumptions based on a pre-defined rule, e.g. the first TCI state or the TCI state with lowest ID of the CORESET with lowest ID. 
Proposal 6: For default TCI state for PDSCH of scheme1 and/or gNB Doppler pre-compensation, support the default QCL assumptions based on the lowest codepoint among the TCI codepoints containing two different TCI states. 
Proposal 7: When configured with scheme 1 and/or gNB Doppler pre-compensation, for default TCI state for AP CSI-RS, if there is no any other DL signal with an indicated TCI state in the same symbols as the AP CSI-RS, the default TCI state for the AP CSI-RS is the first one of two TCI states corresponding to the lowest TCI codepoint among those mapped to two TCI states and applicable to the PDSCH.
Proposal 8: When one CORESET configured with two TCI states, for default spatial relation assumption ambiguous issue for PUSCH scheduled by DCI format  0_0 when PUCCH resources not configured, support the default spatial relation assumptions based on a pre-defined rule, e.g. the first TCI state or the TCI state with lowest ID of the CORESET with lowest ID. 
Proposal 9: When one CORESET configured with two TCI states, for default spatial relation assumption ambiguous issue for PUCCH and SRS, support the default spatial relation assumptions based on a pre-defined rule, e.g. the first TCI state or the TCI state with lowest ID of the CORESET with lowest ID. 
Proposal 10: When one CORESET configured with two TCI states, for cell level BFR, support no enhancement on implicit BFD-RS determination, and explicit BFD-RS configuration.
Proposal 11: For scheme 1 and/or gNB pre-compensation scheme, support PTRS enhancement.
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