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Introduction
The Rel-17 WID for further enhancements on MIMO (FeMIMO) is approved [1], which includes the following objective:
	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 contribution, we discuss on SFN transmission of PDCCH for HST-SFN deployment scenario.  
SFN transmission of PDCCH
Default TCI state for PDSCH 
As for enhanced SFN PDCCH transmission scheme, the agreement on default beams for Rel-17 SFN PDSCH when configured with enableTwoDefaultTCI-States in RAN1-105 e-meeting can be seen as follows [2]. In Rel-16, if the 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, the default beam can refer to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. Thus we slightly prefer to reuse rule defined for Rel-16 PDSCH scheme 1a.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 

Proposal 1: On default TCI states for Rel-17 SFN PDSCH, slightly prefer to reuse rule defined for Rel-16 PDSCH scheme-1a, i.e., Alt 1.
While for single TRP PDSCH transmission, as for the default TCI state, refer to the discussion in RAN1-105 e-meeting, there are following alternatives can be considered:
· Alt 1-1: gNB ensures the lowest CORESET ID in the latest slot only configured one TCI state by implementation
· Alt 1-2: Modify the definition of the lowest CORESET ID in the latest slot, e.g. the lowest CORESET ID among the CORESETs associated with one TCI state in the latest slot.
· Alt 1-3: QCL assumption associated with one TCI state of the lowest CORESET ID in the latest slot, if there are two activated TCI states for the CORESET with the lowest CORESET ID, one of two TCI states will be selected, e.g. always selects the first or the second TCI state or the TCI state with a lower ID
· [Alt 1-4: QCL assumption associated with one of two TCI states, e.g. selects either the first or the second TCI state or the TCI state of the lowest CORESET ID] 
From our point of view, there are some restrictions of Alt 1-1 and Alt 1-2. Thus we prefer Alt 1-3 to determine the default TCI state for single TRP PDSCH transmission.
Proposal 2: On default TCI state for single-TRP PDSCH, prefer to associate with one TCI state of the lowest CORESET ID in the latest slot, 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., Alt 1-3.
PDCCH monitoring with different QCL-TypeD
For PDCCH monitoring of PDCCH candidates in overlapping monitoring occasion with different QCL-Type D when CORESET is indicated with two TCI states, we support to consider both CORESETs with indicated with the same and different number of TCI states. And it is necessary to consider whether to configure higher priority to CORESET with two TCI states than that of CORESET with one TCI state. Since we think the target is to improve the reliability for PDCCH of configuring two TCI states for a CORESET. It is reasonable to configure higher priority to the CORESET with two TCI states. But of course CSS#0 should be configured with the highest priority. 
Proposal 3: Support to consider both CORESETs with one or two TCI states, and suggest to discuss whether to configure higher priority to CORESET with two TCI states or not.
BFR for CORESET with two TCI states 
For BFRQ of enhanced SFN PDCCH transmission scheme, some alternatives were agreed in RAN1-105 e-meeting.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

Cell specific BFR  
While for BFD RS for cell specific BFR in Rel-15/16, when deciding beam failure or not, the radio link quality of each RS will be compared with Qout. If there is a CORESET with two TCI state, it means PDCCH will be transmitted with two TCI states, thus it is reasonable to obtain the joint radio link quality of the RS(s) by two TCI states. But also RS of CORESETs with single TCI state should be used at least if the single TCI state is different from two TCI states.
Proposal 4: For implicit configuration, prefer Alt 1-2 for cell specific BFR-RS set configuration.
From our point of view, as for BFD RS(s) configuration for CORESET with two TCI states, in addition to Alt 2-1 and Alt 2-2 listed in agreement of RAN1-105 e-meeting, there is an Alt 2-3 can be considered. 
· Alt 2-3: Configure one RS with two TCI states.
· The radio link quality can be obtained by receiving the RS with two TCI states.
While if there is no explicitly BFD RS set configuration, UE can determine the implicit BFD RS set. Thus two RSs indicated by two TCI states will be used to obtain the radio link quality. As for two alternatives listed in agreement, we prefer Alt 2-1 which can show the real performance of the PDCCH transmission. Otherwise, there is less chance to use SFN PDCCH transmission because of beam failure will be detected.
Proposal 5: For explicitly configuration, prefer Alt 2-1 for cell specific BFR-RS set configuration.
Since RS of CORESET with two TCI states should be considered for BFD-RS set configuration, it is straight forward to calculate hypothetical BLER using BFD RS pairs assuming SFN transmission for multiple-TRPs.
Proposal 6: For cell specific BFD, support to calculate hypothetical BLER using BFD RS pairs assuming SFN transmission for multiple-TRPs.
Since the radio link quality of BFD RS(s) with two TCI states are considered, it is straight forward to consider the L1-RSRP of NBI RS(s). As same as configuration of BFD RS(s), both one NBI RS with two TCI states and two linked RSs configured with one TCI state each can be supported. And it depends on gNB’s configuration. When the L1-RSRP measurement of two linked RSs is higher than Qin, UE can report two RS indexes as new beam ID.  
Proposal 7: For cell specific NBI RS, either one RS with two TCI states or two linked RSs can be supported.
TRP specific BFR
In Rel-15/16, only cell specific beam failure recovery (BFR) is configured. And the cell specific RS set for beam failure detection (BFD) can be configured explicitly or implicitly. While in Rel-17, it was discussed in 8.1.2.3 that BFR per TRP will be configured to UE. If there is a CORESET with two TCI states, how to decide the BFD RS set implicitly according to such CORESET? It is straight forward to decide it based on the CORESETPoolIndex. So in Proposal 1, we propose to define a new value of CORESETPoolIndex for CORESET with two TCI states. Since in Rel-16, with CORESETPoolIndex as ‘0’ or ‘1’, each CORESET was configured with only one TCI state. If set the CORESETPoolIndex of CORESET with two TCI states as ‘0’ or ‘1’, it is confused that whether RS(s) of one or two TCI states will be taken as BFD RS(s) of the corresponding CORESETPoolIndex. It is not reasonable to include RSs of two TCI states into the BFD RS set for only one TRP. If a new value of CORESETPoolIndex is configured for CORESET with two TCI states, the RS refer to one TCI state will be included into the BFD RS set for CORESETPoolIndex ‘0’ and the other one will be included into the BFD RS set for CORESETPoolIndex ‘1’.
Proposal 8: For TRP specific BFD, RSs of the two TCI states of one CORESET can be divided into two implicit BFD RS sets, each implicit BFD RS set associated with one TRP.
Conclusion
In this contribution, we discuss about the issue of SFN transmission of PDCCH for HST-SFN deployment scenario, mainly focus on the default TCI state determination and beam failure recovery mechanism. Based on above discusses, we provide the following proposals.
Proposal 1: On default TCI states for Rel-17 SFN PDSCH, slightly prefer to reuse rule defined for Rel-16 PDSCH scheme-1a, i.e., Alt 1.
Proposal 2: On default TCI state for single-TRP PDSCH, prefer to associate with one TCI state of the lowest CORESET ID in the latest slot, 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., Alt 1-3.
Proposal 3: Support to consider both CORESETs with one or two TCI states, and suggest to discuss whether to configure higher priority to CORESET with two TCI states or not.
Proposal 4: For implicit configuration, prefer Alt 1-2 for cell specific BFR-RS set configuration.
Proposal 5: For explicitly configuration, prefer Alt 2-1 for cell specific BFR-RS set configuration.
Proposal 6: For cell specific BFD, support to calculate hypothetical BLER using BFD RS pairs assuming SFN transmission for multiple-TRPs.
Proposal 7: For cell specific NBI RS, either one RS with two TCI states or two linked RSs can be supported.
Proposal 8: For TRP specific BFD, RSs of the two TCI states of one CORESET can be divided into two implicit BFD RS sets, each implicit BFD RS set associated with one TRP.
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