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Introduction
In Rel.17 NR FeMIMO WID, multi-TRP enhancements for HST-SFN are given as follows [1]:
	Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
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



This contribution provides Samsung’s view on the highlighted topic above.
SFN transmission of PDCCH/PDSCH from multi-TRP
0. Default spatial relation and PL-RS for PUCCH, PUSCH, and SRS
In RAN1#106-e [3], the following agreement was made about the default spatial relation and PL-RS for PUCCH, PUSCH and SRS considering SFN PDCCH transmission.
	Agreement
If enhanced SFN PDCCH transmission scheme (scheme 1 or if TRP-based pre-compensation is supported in FR2) is configured, and if the CORESET with the lowest ID in the active DL BWP is indicated with two TCI states 
· If PL-RS and spatial relation information are not configured for PUCCH and enableDefaultBeamPL-ForPUCCH is configured in FR2 
· For single-TRP PUCCH transmission, select the first TCI state of the CORESET as default beam and PL RS 
· If PUSCH scheduled by DCI format 0_0 and enableDefaultBeamPL-ForPUSCH0-0 is configured in FR2, and if PUCCH resource is not configured on active UL BWP in the cell or if spatial relation is not configured in any PUCCH resource on active UL BWP in the cell, 
· For single-TRP PUSCH transmission scheduled by DCI format 0_0, select the first TCI state of the CORESET as default beam and PL RS 
· If PL-RS and spatial relation information are not configured for SRS and enableDefaultBeamPL-ForSRS is configured in FR2 
· For single-TRP SRS resource, select the first TCI state of the CORESET as default beam and PL RS 
· FFS other details, if any 
· These are UE optional features 



Regarding SFN transmission of PDCCH from multi-TRP, the current default spatial relation and pathloss reference RS (PL-RS) for PUCCH, PUSCH, and SRS would be affected. As a result of the possibility of SFN transmission of PDCCH from multi-TRP, the existing method based on current specification to derive a default spatial setting and PL-RS for PUCCH, PUSCH, and SRS cannot directly be applied. This is a direct consequence of the existence of multiple TCI states associated to the SFNed CORESET with the lowest ID. Therefore, it is required to resolve this ambiguity.
However, the current specification considers the only case of a single default spatial relation and PL-RS for PUCCH, PUSCH, and SRS. In Rel-17, the multiple default spatial relations and PL-RSs can be also considered at least for multi-TRP based PUCCH and PUSCH repetition. For PUCCH or PUSCH repetition intended towards multi-TRP, if certain conditions are fulfilled, it is natural to select multiple default spatial relations so that each spatial relation can be mapped to the PUCCH or PUSCH repetitions towards a corresponding TRP similar with two default TCI states in Rel-16 PDSCH TDMed repetition. Otherwise, for example, if a single default PL-RS is selected based on only one TCI state (spatial relation from a certain TRP), then the computed PL may not be accurate to compensate PL in PUCCH or PUSCH repetitions towards the remaining TRPs. Similarly, if a spatial setting is selected based on a single TCI states, then the PUCCH transmissions towards the remaining TRPs may not be correctly beamformed. Therefore, it is essential to consider multiple default beams for multi-TRP based PUCCH or PUSCH repetitions.

Proposal 1. Support multiple default spatial relations and PL-RSs at least for PUCCH and PUSCH for both SFN transmission of PDCCH and multi-TRP PUCCH/PUSCH repetition.

0. Default TCI for single-TRP PDSCH reception
In RAN1#105-e [2], the default TCI for single-TRP PDSCH reception was discussed. If a UE is not configured with Rel-17 SFN PDSCH reception (i.e., single-TRP PDSCH, neither Rel-17 scheme 1 nor pre-compensation scheme), a CORESET is activated with two TCI states and time offset between the reception of the DL DCI, the corresponding PDSCH is less than the threshold timeDurationForQCL, and if enableTwoDefaultTCI-States is not configured, the following alternatives were discussed.
· Alt 1: gNB ensures the lowest CORESET ID in the latest slot only configured one TCI state by implementation
· Alt 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 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.

Our view is that one of Alt 2 or Alt 3 can be a promising solution. It seems that Alt 1 is too restrictive to schedule PDCCH and PDSCH from gNB perspective. Further, Alt 2 seems slightly restrictive rather than Alt 3 since the default TCI is only selected among CORESETs with a single TCI state. Based on the flexibility, we support Alt 3.
Moreover, when we consider default TCI for single-TRP PDSCH reception, the case when CORESET and PDSCH is overlapped can be also considered, which is captured at Clause 5.1.5 in TS38.214 highlighted as follows.
	Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
· the UE may assume that the DM-RS ports of PDSCH(s) of a serving cell are quasi co-located with the RS(s) with respect 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. In this case, if the qcl-Type is set to 'typeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers).



Similar with the highlighted sentence above, we can consider the case when the CORESET, which is activated with one or two TCI states, is overlapped with the scheduled single-TRP PDSCH. This can be extended to the intra-band CA case as well. To make the specification as a complete one, our view is to consider the overlapped CORESET which is activated one or two TCI states and is located in same or different component carrier with the scheduled single-TRP PDSCH.

Proposal 2. Support Alt 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) to determine default beam(s) for single-TRP PDSCH reception.
Proposal 3. Support to consider the case when the CORESET, which is overlapped with the scheduled single-TRP PDSCH reception in same carrier or intra-band CA, is activated one or two TCI states.

0. Default TCI for Rel-17 SFN PDSCH reception
In RAN1#106-e [3], the following agreement was made to re-use the existing rule onto the default TCI for Rel-17 SFN PDSCH reception.
	Agreement
If enableTwoDefaultTCI-States is configured and at least one TCI codepoint indicates two TCI states and time offset between the reception of the DL DCI and the PDSCH is less than the threshold timeDurationForQCL, default beam(s) for Rel-17 enhanced SFN PDSCH (scheme 1 or if supported TRP-based pre-compensation) reception:
· Alt 1: Reuse rule to determine TCI states as defined for Rel-16 PDSCH scheme-1a
This is a UE optional feature



Similar with determining the default TCI for single-TRP PDSCH reception as in the current specification, we also consider the case when a CORESET and the scheduled PDSCH is overlapped, which is captured at Clause 5.1.5 in TS38.214 highlighted as follows. Even in the reception for Rel-17 SFN PDSCH, the case for the CORESET, which is activated one or two TCI states, is overlapped and located in same or different component carrier with the scheduled Rel-17 SFN PDSCH should be also considered.
	Independent of the configuration of tci-PresentInDCI and tci-PresentDCI-1-2 in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI state for the serving cell of scheduled PDSCH contains qcl-Type set to 'typeD', 
…
· If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion. In this case, if the 'QCL-TypeD' in both of the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers)



Proposal 4. Support to consider the case when the CORESET, which is overlapped with the scheduled Rel-17 SFN PDSCH reception in same carrier or intra-band CA, is activated one or two TCI states.

0. PDCCH monitoring with different QCL-TypeD
In RAN1#106-e [3], the following agreement was made for identifying two QCL-TypeD properties for multiple overlapping CORESETs which is an extension of the existing QCL prioritization rule for PDCCH monitoring.
	Agreement
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



This enhancement is necessary since UE monitors PDCCH only in a CORESET having the same QCL-TypeD as the CORESET determined from the priority rule defined in TS38.213 as follows.
· the CORESET 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
· the lowest USS set index is determined over all USS sets with at least one PDCCH candidate in overlapping PDCCH monitoring occasions

Considering two activated TCI states for a CORESET, the extension from the current priority rule to a new rule should require to define which one has higher priority between the following each combination.
1) CORESET (2 TCIs) corresponding to m-th CSS vs. CORESET (1 TCI) corresponding to n-th CSS
2) CORESET (2 TCIs) corresponding to m-th USS vs. CORESET (1 TCI) corresponding to n-th USS
3) CORESET (2 TCIs) corresponding to m-th CSS vs. CORESET (2 TCI) corresponding to n-th USS
4) CORESET (2 TCIs) corresponding to m-th CSS vs. CORESET (1 TCI) corresponding to n-th USS
5) CORESET (2 TCIs) corresponding to m-th USS vs. CORESET (1 TCI) corresponding to n-th CSS
6) CORESET (2 TCIs) corresponding to m-th CSS vs. CORESET (2 TCI) corresponding to n-th CSS
7) CORESET (2 TCIs) corresponding to m-th USS vs. CORESET (2 TCI) corresponding to n-th USS

Regarding the above cases for both 1) and 2), in order to enable a UE to receive CORESET with two TCI states, the CORESET in the left-hand-side would be prioritized regardless of the value of indexes m and n. Regarding the above cases from 3) to 5), the natural extension from the current specification is that the CORESET corresponding to the CSS set is prioritized to the CORESET corresponding to the USS set, regardless of the value of indexes m and n, and the number of activated TCI states. Regarding the above cases for both 6) and 7), if m<n, the CORESET corresponding to the m-th CSS (or USS) has higher priority than that of the n-th CSS (or USS), which is similar with the case of a single TCI state in the current specification.
Proposal 5. Support the enhanced prioritization rule for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasion with different QCL-TypeD when CORESET is indicated with two TCI states.
· Regardless of the values of m and n, the CORESET with 2 TCI states corresponding to m-th CSS (or USS) has higher priority than the CORESET with a single TCI state corresponding to n-th CSS (or USS).
· Regardless of the values of m, n, and the number of activated TCI states for each CORESET, the CORESET corresponding to m-th CSS has higher priority than the CORESET corresponding to n-th USS.
· Similar with the current specification, if m<n, the CORESET corresponding to the m-th CSS (or USS) has higher priority than that of the n-th CSS (or USS)
If the priority considering two activated TCI states for a CORESET is defined and the corresponding CORESET with the highest priority (i.e., reference CORESET) is activated with two TCI states, it should be determined which CORESETs other than the reference CORESET can be monitored considering the highlighted word “same” in the following part of the Clause 10.1 in TS 38.213.
	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 been configured with same or different qcl-Type set to '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 that have been configured with qcl-Type set to same 'typeD' properties as the CORESET, on the active DL BWP of a cell from the one or more cells



If the reference CORESET is activated with TCI states, e.g., TCI states (a, b), our view is that the UE can monitor PDCCHs in any other CORESET from the multiple CORESETs that have been configured with TCI state(s) (a, b), a only, or b only on the active DL BWP of a cell from the one or more cells. That means, the word in current specification “same” should include all the subset (i.e., (a,b), a, and b) of all TCI states of the reference CORESET.
Proposal 6. For the QCL prioritization rule for PDCCH reception, if a UE monitors a first CORESET with TCI states (a, b) from multiple CORESETs, the UE also monitors any other CORESETs with TCI state(s) (a,b), a, or b which is activated with the subset of TCI states from the reference CORESET.

0. RLM RS selection considering CORESET activated with two TCI states
Based on the enhancement on Rel-17 HST-SFN, the number of activated TCI states can be extended as 2. The motivation on some enhancements, e.g., defining new default beam behaviors (for PUCCH, PUSCH, SRS, and PDSCH) BFD RS, and QCL prioritization rule, is to clarify whether the existing rule considering CORESET with a single TCI state is extended or not when two TCI states are activated in CORESET.
One more possible enhancement is RLM RS selection rule considering two activated TCI states for CORESET. In current specification, When RadioLinkMonitoringRS is not configured, there is a rule to select RLM RSs among the source RS of TCI state for CORESETs which have a single TCI. The selection priority depends on the periodicity of search space set first (the shortest periodicity has the highest selection priority) and if periodicities are same, then the index of CORESET can be used to determine a selection priority (the highest CORESET ID has the highest selection priority). Hence, if two TCI states are activated for all CORESETs or some CORESETs among all CORESETs, it should be studied whether/how to enhance RLM RS selection rule (e.g., the number of activated TCI states can be considered as an additional standard for selection priority).
Proposal 7. Study whether/how to enhance RLM RS selection rule considering CORESET activated with two TCI states.

Conclusion
In this contribution, the following observations and proposals are given: 
Proposal 1. Support multiple default spatial relations and PL-RSs at least for PUCCH and PUSCH for both SFN transmission of PDCCH and multi-TRP PUCCH/PUSCH repetition.
Proposal 2. Support Alt 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) to determine default beam(s) for single-TRP PDSCH reception.
Proposal 3. Support to consider the case when the CORESET, which is overlapped with the scheduled single-TRP PDSCH reception in same carrier or intra-band CA, is activated one or two TCI states.
Proposal 4. Support to consider the case when the CORESET, which is overlapped with the scheduled Rel-17 SFN PDSCH reception in same carrier or intra-band CA, is activated one or two TCI states.
Proposal 5. Support the enhanced prioritization rule for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasion with different QCL-TypeD when CORESET is indicated with two TCI states.
· Regardless of the values of m and n, the CORESET with 2 TCI states corresponding to m-th CSS (or USS) has higher priority than the CORESET with a single TCI state corresponding to n-th CSS (or USS).
· Regardless of the values of m, n, and the number of activated TCI states for each CORESET, the CORESET corresponding to m-th CSS has higher priority than the CORESET corresponding to n-th USS.
· Similar with the current specification, if m<n, the CORESET corresponding to the m-th CSS (or USS) has higher priority than that of the n-th CSS (or USS)
Proposal 6. For the QCL prioritization rule for PDCCH reception, if a UE monitors a first CORESET with TCI states (a, b) from multiple CORESETs, the UE also monitors any other CORESETs with TCI state(s) (a,b), a, or b which is activated with the subset of TCI states from the reference CORESET.
Proposal 7. Study whether/how to enhance RLM RS selection rule considering CORESET activated with two TCI states.
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