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Introduction
In RAN1#102e, the following agreement on HST-SFN deployment was achieved: [1]
Agreement
For discussion purpose consider the following three steps for TRP-based frequency offset pre-compensation scheme:
· 1st step: Transmission of the TRS resource(s) from TRP(s) without pre-compensation
· 2nd step: Transmission of the uplink signal(s)/channel(s) with carrier frequency determined based on the received TRS signals in the 1st step
· 3rd step: Transmission of the PDCCH/PDSCH from TRP(s) with frequency offset pre-compensation determined based on the received signal/channel in the 2nd step
· Note: A second set of TRS resource(s) may be transmitted at 3rd step. 
Agreement
Study TRP-based frequency offset pre-compensation including the following aspects:
· Aspects related to indication of the carrier frequency determined based on the received TRS resource(s) in the 1st step
· Option 1: Implicit indication of the Doppler shift(s) using uplink signal(s) transmitted on the carrier frequency acquired in the 1st step
· Indication for QCL-like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step
· Type of the uplink reference signals / physical channel used in the 2nd step, necessity of new configuration and corresponding signaling details
· Option 2: Explicit reporting of the Doppler shift(s) acquired in the 1st step using CSI framework
· FFS: Indication for QCL-like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step
· CSI reporting aspects, configuration, quantization, signalling details, etc.
· New QCL types/assumption for TRS with other RS (e.g., SS/PBCH), when TRS resource(s) is used as target RS in TCI state 
· New QCL types/assumptions for TRS with other RS (e.g., DM-RS), when TRS resource(s) is used as source RS in the TCI state 
· Target physical channels (e.g., PDSCH only or PDSCH/PDCCH) and reference signals that should be supported for pre-compensation
· Signaling/procedural details on whether/how the pre-compensation is applied to target channels
· Whether multiple sets of TRS and pre-compensation on TRS is needed in 3rd step.
· Note: Other aspects/schemes are not precluded

Furthermore, in RAN1#103e, the following agreement on HST-SFN deployment was achieved: [2]
Agreement
When the same DMRS port(s) are associated with two TCI states containing TRS as source reference signal, at least one variant is supported for Rel-17 HST-SFN scenario based on further evaluations
· Variant A: One of the TCI state can be associated with {average delay, delay spread} and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· Variant B: One of the TCI state can be associated with {average delay, delay spread} and another TCI state with {Doppler shift, Doppler spread} (i.e., QCL-TypeB)
· Variant C: One of the TCI state can be associated with {delay spread}  and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· Variant E: Both TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· FFS: Indication method to apply QCL, e.g., via new QCL-type, or reuse existing QCL-type while UE to ignore certain QCL properties
· Note: Each TCI state in the above variants may be additionally associated with {Spatial Rx parameter} (i.e., QCL-TypeD)
· Note: Companies are encouraged to provide evaluation results for the above variants based on agreed EVM from RAN1#102e meeting
· Note: Above variants are applicable to scheme 1 and/or TRP based pre-compensation as a reference for evaluation.
· This agreement is for the purpose of evaluation and does not imply the support or lack of support of scheme 1 and/or TRP based pre-compensation

Furthermore, in RAN1#104b-e, the following agreement on HST-SFN deployment was achieved: [3]
Agreement
Introduce enhanced MAC CE signaling for PDCCH activating two TCI states for SFN-based PDCCH transmission
· The corresponding MAC CE includes at least the following fields 
· Serving cell ID
· CORESET ID
· Two TCI state IDs
· FFS whether for CA scenario additionally support RRC configured set of the serving cells which can be addressed by a single MAC CE
· FFS whether or not enhanced MAC CE signaling is applicable to a CORESET configured with CORESETPoolindex
Send LS to RAN2 to inform about agreement on support of enhanced MAC CE for CORESET in Rel-17. LS is endorsed in R1-2104064

Agreement
Specification-based TRP Doppler pre-compensation scheme is supported in Rel-17 for FR1 with one or both:
· UL RS based Doppler estimation by gNB
· FFS: Details including UL RS enhancement 
· DL RS based Doppler feedback by UE
· FFS: Details
· FFS: Whether UE capability needs to be introduced
· Whether to support one or both will be decided later

Agreement
· Support dynamic (DCI-based) switching of scheme 1 (PDSCH) with single-TRP scheme by TCI state field in DCI format 1_1/1_2
· This feature is UE optional
· FFS all other details including RRC signalling, possible RAN4 impact (if any), etc.

Working Assumption
All QCL source RS resource types as defined in TCI state for Rel-16 multi-TRP are supported for scheme 1
Agreement
Support semi-static (RRC-based) switching of scheme 1 (PDSCH) with Rel-16 scheme 1a
· FFS: Whether dynamic switching is additionally supported

Agreement
Scheme 1 for PDSCH is identified by
· New RRC parameter and the number of TCI states indicated by DCI
· FFS RRC configuration details, e.g., per BWP or per CC
· FFS whether or not restriction to a single CDM group for DM-RS is also supported

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

Discussion
gNB Doppler pre-compensation 
Last 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 studied.
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: For gNB Doppler pre-compensation, at least Variant A could be supported.
During previous meetings, it has been supported that scheme 1 shall be semi-static switching with R16 M-TRP PDSCH transmission schemes, i.e., scheme 1a/2a/2b/3/4, and can be dynamic switching with single TRP transmission depending on UE’s capability. Likewise, we think switching/configuration of TRP Doppler pre-compensation with legacy Rel-15/Rel-16 schemes shall follow the same principle.
Proposal 3: Support semi-static (RRC-based) switching of gNB Doppler pre-compensation (PDSCH) with Rel-16 scheme 1a/2a/2b/3/4
Proposal 4: Support dynamic (DCI-based) switching of gNB Doppler  pre-compensation (PDSCH) with single-TRP scheme by TCI state field in DCI format 1_1/1_2 depending on UE capability.
Both scheme 1 and gNB Doppler pre-compensation scheme could be applied for HST scenario, and they are not exclusive. In our opinion, it is natural that they could be simultaneously configured by gNB. 
Proposal 5: Scheme 1 and gNB Doppler pre-compensation scheme could be simultaneously configured by gNB.

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 6: 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 7: 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 8: 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 9: 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 10: 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 11: 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. 
In Rel-17, per TRP BFR is being discussed and BFD-RS set configuration/determination is also being discussed and not determined. 
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, no enhancement is preferred, i.e., RS of CORESETs with both single and two TCI states could be used. Regarding per TRP BFD-RS set implicitly determination, unified solution with S-DCI based M-TRP is preferred. We suggest to discuss it later.
Proposal 12: When one CORESET configured with two TCI states, for cell level BFR, support no enhancement on implicit BFD-RS determination.
Proposal 13: When one CORESET configured with two TCI states, for TRP level BFR, support unified solution with S-DCI based M-TRP.

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, 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, we support to enhance PTRS for scheme 1.
Proposal 14: For scheme 1, 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: For gNB Doppler pre-compensation, at least Variant A could be supported.
Proposal 3: Support semi-static (RRC-based) switching of gNB Doppler pre-compensation (PDSCH) with Rel-16 scheme 1a/2a/2b/3/4
Proposal 4: Support dynamic (DCI-based) switching of gNB Doppler  pre-compensation (PDSCH) with single-TRP scheme by TCI state field in DCI format 1_1/1_2 depending on UE capability.
Proposal 5: Scheme 1 and gNB Doppler pre-compensation scheme could be simultaneously configured by gNB.
Proposal 6: 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 7: 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 8: 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 9: 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 10: 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 11: 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 12: When one CORESET configured with two TCI states, for cell level BFR, support no enhancement on implicit BFD-RS determination.
Proposal 13: When one CORESET configured with two TCI states, for TRP level BFR, support unified solution with S-DCI based M-TRP.
Proposal 14: For scheme 1, support PTRS enhancement.
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