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Introduction
According to R17 FeMIMO WID [1], the following objective is included in the scope:
	2.	Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
…
d.	Enhancement to support HST-SFN deployment scenario:
i.	Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same    DMRS port(s), targeting DL-only transmission
ii.	Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework



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

Discussion
Transmission schemes
Regarding the combination of the transmission schemes, after extensive discussion, last meeting the following agreement has been achieved [2]. During the discussion in last meeting, the controversial part 
	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.


is that whether the combination of Rel-17 scheme 1 PDCCH + single TRP PDSCH can be allowed. In previous meeting, we have agreed to support dynamic switching between R17 scheme 1 PDSCH and single TRP PDSCH based on UE capability, and we agree the same R17 transmission configuration for PDCCH and PDSCH if both would be configured with Rel-17 schemes. That is to say, there would exist some occasions that Rel-17 scheme 1 PDCCH schedules one single TRP PDSCH. In some degree, it is straightforward to extend to support the transmission scheme configuration of Rel-17 scheme 1 PDCCH and single TRP PDSCH. In addition, in Rel-17 we also support PDCCH repetition across M-TRP with single TRP PDSCH. Thus, if following the same logic where only the reliability of PDCCH can be enhanced while no enhancement for PDSCH as AI8.1.2.1, it is reasonable to support the transmission scheme configuration of Rel-17 scheme 1 PDCCH and single TRP PDSCH. We sympathies with the opinions that for SFN scenario there seems not to be real requirement to configuration the transmission combination of Rel-17 scheme 1 PDCCH and single TRP PDSCH. Like many features which have been supported but not deployed by real field, it can be up to NW/UE implementation. Thus, at least from the perspective of technology, we have the following the proposal:
Proposal 1: Support the transmission scheme combination: Rel-17 scheme 1 PDCCH + single TRP PDSCH, based on UE’s capability
· The capability is optional.

PDCCH monitoring:
Regarding PDCCH monitoring, the following agreement has been achieved [2]:
	Agreement
[bookmark: OLE_LINK2]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: 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, it implies that UE could simultaneously receive two different QCL-typeD properties RSs.  In our understanding, CSS still should be with high priority no matter which type of CORESET it is associated with. Thus, we prefer to reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the SS sets that is linked with a CORESET with the first QCL-TypeD among the multiple overlapping CORESETs); and in case of multiple such CORESETs, Rel. 15 priority order is followed for the second QCL-TypeD determination.
Proposal 2: When a CORESET is activated with two TCI states which overlaps with another CORESET, in an overlapping PDCCH monitoring occasion, 
· Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the SS sets that is linked with a CORESET with the first QCL-TypeD among the multiple overlapping CORESETs); and
· In case of multiple such CORESETs, Rel. 15 priority order is followed for the second QCL-TypeD determination.

Default TCI state for single-TRP 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. 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 3: 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. 
 
Issues related to BFR:
Regarding BFD-RS, the following agreement have been achieved [2][3]:
	RAN1#105e:
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

RAN1#106e:
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


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. How to decide RS is up to UE’s implementation. There is also no need to do any enhancement on explicit BFD-RS configuration and NBI-RS configuration
Proposal 4: When one CORESET configured with two TCI states, for cell level BFR, support no enhancement on implicit BFD-RS determination, explicit BFD-RS configuration, and NBI-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 5: 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: Support the transmission scheme combination: Rel-17 scheme 1 PDCCH + single TRP PDSCH, based on UE’s capability
· The capability is optional.
Proposal 2: When a CORESET is activated with two TCI states which overlaps with another CORESET, in an overlapping PDCCH monitoring occasion, 
· Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the SS sets that is linked with a CORESET with the first QCL-TypeD among the multiple overlapping CORESETs); and
· In case of multiple such CORESETs, Rel. 15 priority order is followed for the second QCL-TypeD determination.
Proposal 3: 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 4: When one CORESET configured with two TCI states, for cell level BFR, support no enhancement on implicit BFD-RS determination, explicit BFD-RS configuration, and NBI-RS configuration.
Proposal 5: For scheme 1 and/or gNB pre-compensation scheme, support PTRS enhancement.
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