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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
As for multiplexing schemes for Multi-TRP based PDCCH, it was agreed in RAN1-103e meeting that SFN scheme + Alt 1-1 should be supported [2].  Agreement
For PDCCH reliability enhancements, support SFN scheme + Alt 1-1.
FFS: TCI state activation for CORESET, impact on default beam, BFD resource for BFR

While in RAN1-104e meeting [3], it was agreed that support MAC CE activation of two TCI states for PDCCH. Agreement
· Support MAC CE activation of two TCI states for PDCCH
· FFS other details

With Alt 1-1, One PDCCH candidate (in a given SS set) is associated with both TCI states of the CORESET. The CORESET should be configured with two TCI states with each TCI state associated to each TRP respectively. It is better to configure a special CORESETPoolIndex for such CORESET, since it is associated with two TRPs, which is different from the CORESET in Rel-16 whose CORESETPoolIndex value is 0 or 1. With a special CORESETPoolIndex, it can indicate the UE implicitly that the CORESET can be configured with two TCI states at most, and it can also be used for deciding the default TCI state and the implicit beam failure detection RS(s).  
Proposal 1: To define a new value of CORESETPoolIndex for CORESET with two TCI states.
Default TCI state for PDSCH/AP CSI-RS 
As for the default TCI state, refer to 38.214 [4], following scenarios should be considered:
· Scenario-1: For DCI format not having the TCI field
· Scenario-2: For PDSCH scheduling offset less than the threshold timeDurationForQCL 
· Scenario-3: For AP CSI-RS scheduling offset less than the threshold beamSwitchTiming / beamSwitchTiming-r16
For scenario 1, In Rel-15/16, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption whichever is applied for the CORESET used for the PDCCH transmission within the active BWP of the serving cell. If the CORESET used for the PDCCH transmission is configured with two TCI states, how to decide the default TCI state for scenario 1?  The number of default TCI state may depend on the PDSCH transmission scheme of the UE. If HST-SFN PDSCH transmission scheme 1, Rel-16 MTRP PDSCH transmission scheme 1a/2a/2b is configured to UE, two default TCI states of the CORESET can be applied as default TCI states. If Rel-16 MTRP PDSCH transmission scheme 3/4 is configured to UE, it needs to discuss on one or two default TCI states will be applied for TDM repetitions. While for single TRP PDSCH transmission, it needs to discuss on which TCI state of CORESET will be used as default TCI state.
For scenario 2, the default TCI state are defined as follows:
· In Rel-15 the default TCI state refers to the QCL parameter(s) used for PDCCH quasi co-location indication of 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 by the UE. 
· For the case of single DCI based Multi-TRP based PDSCH in Rel-16, 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. 
· [bookmark: _Hlk26289978]For the case of Multi-DCI based Multi-TRP based PDSCH in Rel-16, the default beam can refer to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId among CORESETs, which are configured with the same value of CORESETPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot. 
[bookmark: _GoBack]As for the case of applying the TCI states of CORESET with the lowest CORESET ID, some enhancements are also needed if some CORESET is configured with two TCI states. It is also depends on the PDSCH transmission scheme for UE when considering the number of default TCI states. For the case of only one default TCI state can be supported, there are some alternatives to define the TCI state. 
· Alt.1: Refer to our proposal 1, to define a new value of CORESETPoolIndex for CORESET with two TCI states. And then reuse the mechanism of default TCI state per CORESETPoolIndex. In this case, it can avoid the impact to the default TCI state of PDSCH scheduled by CORESET with one TCI state. While for the default TCI state of PDSCH scheduled by CORESET with two TCI states, predefined one TCI state or both two TCI states will be applied according to the PDSCH transmission scheme. 
· Alt.2: gNB ensures the lowest CORESET ID in the latest slot only configured with one TCI state by implementation.
· This will introduce some restriction on the SS set configuration. Which means that the SS set associated to the CORESET with a lower CORESET ID will be configured with shorter period.
· Alt.3: 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.4: QCL assumption associated with one of TCI states, e.g. always selects the first or the second TCI state
· Alt.5: Select one activated TCI state of PDSCH with the lowest ID
· Alt.6: Select TCI state corresponding to the lowest codepoint among the TCI codepoints containing one TCI state.
Proposal 2: The number of default TCI state can be defined according to the PDSCH transmission scheme.
Proposal 3: To decide one default TCI state for PDSCH scheduled by a CORESET with two TCI states at least for single-TRP PDSCH transmission. 
BFR for CORESET with two TCI states 
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. 
Proposal 4: BFD RS should consider the CORESETs with two TCI states at least for cell specific BFR.
From our point of view, as for BFD RS(s) configuration for CORESET with two TCI states, two alternatives can be supported for explicitly configuration by gNB.
· Alt 1: Configure one RS with two TCI states.
· The radio link quality can be obtained by receiving the RS with two TCI states.
· Alt 2: Configure two linked RSs 
· The radio link quality can be obtained by the radio link quality of these two linked RSs, and radio link quality of each RS can be measured by corresponding TCI state. 
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.
Proposal 5: For cell specific BFD with explicitly configuration, either one RS with two TCI states or two linked RSs can be supported to obtain the radio link quality of CORESET with two TCI states.
Proposal 6: For cell specific BFD with implicitly configuration, two RSs indicated by two TCI states will be used to obtain the radio link quality of CORESET with two TCI states.
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, 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: To define a new value of CORESETPoolIndex for CORESET with two TCI states.
Proposal 2: The number of default TCI state can be defined according to the PDSCH transmission scheme.
Proposal 3: To decide one default TCI state for PDSCH scheduled by a CORESET with two TCI states at least for single-TRP PDSCH transmission 
Proposal 4: BFD RS should consider the CORESETs with two TCI states at least for cell specific BFR.
Proposal 5: For cell specific BFD with explicitly configuration, either one RS with two TCI states or two linked RSs can be supported to obtain the radio link quality of CORESET with two TCI states.
Proposal 6: For cell specific BFD with implicitly configuration, two RSs indicated by two TCI states will be used to obtain the radio link quality of CORESET with two TCI states.
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, 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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