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1. INTRODUCTION
In WG1 Meetings #106b-e, RAN1 continued the discussion on HST-SFN with a focus on combined transmission schemes, RRC configuration aspects and further details related to the TCI states in a M-TRP HST-SFN framework. Based on the discussion, the following agreements were reached [1],

	Working Assumption
Reuse legacy Rel-16 RRC parameters simultaneousTCI-UpdateList1, simultaneousTCI-UpdateList2 to define set of the serving cells which can be addressed by a single MAC CE for activation of two TCI states of CORESET with the same CORESET ID for all the BWPs.

If CSI-RS other than those configured with repetition set to 'on' is overlapping in the time domain with CORESET with two TCI states, support the first TCI state of the CORESET as the default TCI assumption for the CSI-RS.

Support combination of Rel-17 SFN PDCCH scheme 1 and single-TRP PDSCH 
· This is optional UE feature
· Note: The support of such combination scheme is for URLLC use-case only.

Enhanced SFN (scheme 1 or TRP-based pre-compensation scheme) for PDCCH and PDSCH is configured by using separate per-BWP RRC parameters
· In Rel-17, all downlink BWPs (except initial BWP and FFS: BWP-DownlinkCommon) within a CC should be the same configuration of SFN scheme

When SFN PDSCH is not configured by RRC, for PDSCH reception scheduled by DCI format 1_0, 1_1, 1_2, if the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than the threshold timeDurationForQCL,
· For DCI format 1_1/1_2, support both configurations with and without TCI state field.
· [If enableTwoDefaultTCIStates is not configured,] for both cases with and without TCI state field,
· If enhanced SFN PDCCH transmission scheme 1 is configured and the lowest CORESET ID in the latest slot is indicated with two TCI states, select the 1st TCI state of the two TCI states of the CORESET as default beam for the PDSCH reception
· FFS: Whether above applies for TRP-based pre-compensation if TRP-based pre-compensation is agreed to be support in FR2
· Otherwise, UE applies the one active TCI state of the CORESET with the lowest controlResourceSetId in the latest slot when receiving the PDSCH 

For CSS associated with SFN CORESET, study the following alternatives and down-select in RAN1#107e:
· Alt 2: UE doesn’t expect PDCCH candidates in CSS to be associated with CORESET activated with two TCI states, except for CSS type 3 associated with CORESET configured with scheme 1
· Alt 3: If PDCCH candidates in CSS 0/0A/1/2/3 are associated with CORESET that activated with two TCI states, the first TCI state is applied for the CSS reception, except for CSS type 3 associated with CORESET configured with scheme 1. 
· For CSS type 3 associated with CORESET configured with scheme 1,  both TCI states can be applied for the CSS reception. 
 
When CORESET is indicated with two TCI states
· One BFD RS pair for SFN CORESET is counted as two BFD RSs
· FFS: Increase the maximum number of monitored BFD RSs to X.
· X is UE capability
· X = 2, 3, 4, FFS other values of X

When two TCI states are activated for a CORESET, NBI RS can be configured as follows
· Alt 4-1: Using the existing Rel-15 NBI configuration based on single SSB / CSI-RS resource
· FFS addition support of Alt 4-2: two new beam identification CSI-RS resource sets / new beam identification CSI-RS resource pairs or SSB pairs




In this contribution, following the directions laid out in agreements, we further discuss the enhancements for M-TRP to support HST-SFN deployment scenario and present our views. 

2. RRC CONFIGURATION
In rel-16, ControlResourceSet for each CORESET may include simultaneousTCI-UpdateList1 or simultaneousTCI-UpdateList2 that include lists of cells for simultaneous TCI state activation. As such, the UE applies the QCL corresponding to TCI-States with same activated tci-StateID value to CORESETs. As such list of serving cells can be updated simultaneously for TCI relation with a MAC CE. The simultaneousTCI-UpdateList1 and simultaneousTCI-UpdateList2 shall not contain same serving cells. As such, the network may activate and deactivate the configured TCI states for PDSCH of a Serving Cell or a set of Serving Cells configured in simultaneousTCI-UpdateList1 or simultaneousTCI-UpdateList2 by sending the TCI States Activation/Deactivation for UE-specific PDSCH MAC CE. Similarly, the network may indicate a TCI state for PDCCH reception for a CORESET of a Serving Cell or a set of Serving Cells configured in simultaneousTCI-UpdateList1 or simultaneousTCI-UpdateList2 by sending the TCI State Indication for UE-specific PDCCH MAC CE.
In the last meeting, RAN1 agreed on a WA for reusing legacy Rel-16 RRC parameters simultaneousTCI-UpdateList1, simultaneousTCI-UpdateList2 to define set of the serving cells which can be addressed by a single MAC CE for activation of two TCI states of CORESET that have a same CORESET ID for all the BWPs.

[bookmark: _Hlk86756046]Given the high mobility characteristics of an HST-based system, it is important to reduce the signaling over head. Furthermore, given the fact that a HST UE may not be involved simutaneously in a non-HST transmission, we can reuse the existing simultaneousTCI-UpdateList1 and simultaneousTCI-UpdateList2 configurations.

Observation 1: Given the high mobility characteristics of an HST-based system, it is important to avoid unnecessary duplication of configuration and excessive signaling.

Proposal 1: Confirm WA to reuse legacy Rel-16 RRC parameters simultaneousTCI-UpdateList1, simultaneousTCI-UpdateList2 to define set of the serving cells.


3. SFN CORESET ASSOCIATION
[bookmark: _Hlk54108852]A UE can monitor PDCCH candidates based on the defined PDCCH search space sets where a search space set can be configure as a CSS set or a USS set. In NR, a UE can be configured with there are different types CSS where each type is considered for a specific usage, per [2]
-	a Type0-PDCCH CSS set configured by pdcch-ConfigSIB1 in MIB or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-	a Type0A-PDCCH CSS set configured by searchSpaceOtherSystemInformation in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-	a Type1-PDCCH CSS set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a RA-RNTI, a MsgB-RNTI, or a TC-RNTI on the primary cell
-	a Type2-PDCCH CSS set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a P-RNTI on the primary cell of the MCG
-	a Type3-PDCCH CSS set configured by SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, or CI-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, CS-RNTI(s), or PS-RNTI and


In the last meeting the following two alternatives for CSS associated with SFN CORESET were considered for down-selection,
· Alt 2: UE doesn’t expect PDCCH candidates in CSS to be associated with CORESET activated with two TCI states, except for CSS type 3 associated with CORESET configured with scheme 1

· Alt 3: If PDCCH candidates in CSS 0/0A/1/2/3 are associated with CORESET that activated with two TCI states, the first TCI state is applied for the CSS reception, except for CSS type 3 associated with CORESET configured with scheme 1. 
· For CSS type 3 associated with CORESET configured with scheme 1,  both TCI states can be applied for the CSS reception.

In an HST deployment, there are many cases for simultaneous indication and broadcast of a specific information to many UEs that could take advantage of a configured SFN CORESET. Theses use cases are besides the use cases considered for Type3-PDCCH CSS, and it may include other use cases such as PDCCH candidate related to paging, random access, etc. We find Alt 2 too restrictive, as there is no justification that CSS 0/0A/1/2 not to be associated to an SFN CORESET configured for Scheme 1. 

Observation 2: There are many cases for simultaneous indication of a specific information to many UEs that could take advantage of a configured SFN CORESET.

Proposal 2: Support Alt 3 for association of CSS with SFN CORESET.

[bookmark: _Hlk71580924]
4. BFD Enhancements
[bookmark: _Hlk86789909]In the last meeting, it was agreed that when a CORESET is indicated with two TCI states, one BFD RS pair for SFN CORESET is counted as two BFD RSs. In the legacy operation, the maximum number of monitored BFD RSs is two. Therefore, since an SFN CORESET can be associated to two different TCI states, it has been proposed that to maintain a similar performance as legacy, the number of monitored BFD RSs should increase to X where X can take 2 or more RSs according to UE capability.
 
[bookmark: _Hlk86790849]The answer to the question of the maximum number of monitored BFD RSs for BFD is related to the topic of SFN CORESET association which was discussed in the previous section. As such, depending on the outcome the discussion different conclusion for the question related to maximum number of monitored BFD RSs can be drawn. 
· If Alt 2 is agreed, by which UE doesn’t expect PDCCH candidates in CSS to be associated with CORESET activated with two TCI states, except for CSS type 3 associated with CORESET configured with scheme 1, then it may not be needed to increase the number of BFD RSs, as one BFD RS pair for SFN CORESET that is counted as two BFD RSs, will be sufficient for computation of hypothetical BLER. 
· On the other hand, if Alt 3 is agreed, by which for CSS type 0/0A/1/2/3 only the first TCI state is considered for hypothetical BLER computation, while for CSS type 3 both TCI states are considered, e.g., two RSs in total. Therefore, for CSS type 0/0A/1/2/3, we may need to consider more RSs to have a similar performance as the legacy system.

Observation 3: The answer to the question of the maximum number of monitored BFD RSs for BFD is related to the topic of SFN CORESET association which was discussed in the previous section.

Proposal 3: Support increasing the maximum number of monitored BFD RSs per UE capability, if Alt 3 is agreed for association of CSS with SFN CORESET.

For NBI RS configuration, it has been agreed that when two TCI states are activated for a CORESET, NBI RS will be configured by re-using the existing Rel-15 NBI configuration that is based on single SSB / CSI-RS resource indication. However, for proper operation of BFR when SFN CORESET is configured with two TCI states, the NBI indication should match the number of activated TCI states, i.e., 2. Therefore, two new beam identification CSI-RS resource sets / new beam identification CSI-RS resource pairs or SSB pairs should be considered.

Observation 4: For proper operation of BFR when SFN CORESET is configured with two TCI states, the NBI indication should match the number of activated TCI states.

Proposal 4: Support (Alt 4-2) two new beam identification CSI-RS resource sets / new beam identification CSI-RS resource pairs or SSB pairs.



5. CONCLUSIONS
This contribution discussed potential enhancement for HST-SFN. Based on the presented discussion, we make the following observations and proposals,

Observation 1: Given the high mobility characteristics of an HST-based system, it is important to avoid unnecessary duplication of configuration and excessive signaling.

Observation 2: There are many cases for simultaneous indication of a specific information to many UEs that could take advantage of a configured SFN CORESET.

Observation 3: The answer to the question of the maximum number of monitored BFD RSs for BFD is related to the topic of SFN CORESET association which was discussed in the previous section.

Observation 4: For proper operation of BFR when SFN CORESET is configured with two TCI states, the NBI indication should match the number of activated TCI states.

Proposal 1: Confirm WA to reuse legacy Rel-16 RRC parameters simultaneousTCI-UpdateList1, simultaneousTCI-UpdateList2 to define set of the serving cells.

Proposal 2: Support Alt 3 for association of CSS with SFN CORESET.

Proposal 3: Support increasing the maximum number of monitored BFD RSs per UE capability, if Alt 3 is agreed for association of CSS with SFN CORESET.

Proposal 4: Support (Alt 4-2) two new beam identification CSI-RS resource sets / new beam identification CSI-RS resource pairs or SSB pairs.
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