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Introduction
In this contribution, we discuss remaining issues on enhancement of HST-SFN deployment.

Default QCL of PDSCH
Table 1 summarizes the agreed default QCL of PDSCH for SFN PDCCH/PDSCH in previous RAN1 meetings. As shown in Table 1, there are two remaining cases which are surrounded by red.
Table 1: Summary of the agreed default QCL of PDSCH for SFN PDCCH/PDSCH.
	Condition
	SFN-PDCCH + SFN-PDSCH
	S-TRP PDCCH + SFN-PDSCH
	SFN-PDCCH + S-TRP PDSCH

	1) if the scheduling offset < timeDurationForQCL, for DCI format 1_0, 1_1, 1_2
	If enableTwoDefaultTCI-States is configured: 
· The lowest TCI codepoint with two active TCI states for PDSCH are used (same as R16 PDSCH scheme-1a) (RAN1#106e)
Otherwise:
· (No agreement)  case 2
	If the lowest CORESET ID in the latest slot has two TCI states, select 1st TCI state as default TCI state for PDSCH. 
Note: Support config. of no TCI field (RAN1#107e)

	2) if the scheduling offset >= timeDurationForQCL, and if no TCI state field, for DCI format 1_0/1_1/1_2
	· If the scheduling CORESET has two TCI states, both TCI states are used.
· Otherwise, the one TCI state is used.
Note: Support config. of no TCI field (RAN1#107e)
	FFS (RAN1#107e) 
 case1
	If the scheduling CORESET has two TCI states, select 1st TCI state as default TCI state for PDSCH. 
Note: Support config. of no TCI field (RAN1#107e)


Case 1
For the case 1, when gNB configures S-TRP PDCCH and SFN-PDSCH, it means gNB wants to configure SFN-PDSCH. Hence, it is more appropriate to assume two default QCL to enable SFN-PDSCH. However, it is not possible to derive two default QCL from a CORESET when SFN is not configured for PDCCH. One workable solution is to derive two default TCI states from active TCI states for PDSCH, same as the case of “the scheduling offset < timeDurationForQCL”. Then, we can derive two default TCI states without TCI state field.
Proposal 1:
· If UE is not configured with SFN PDCCH and is configured with SFN PDSCH, for PDSCH reception scheduled by DCI formats 1_0, 1_1 and 1_2, and, if applicable the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL,
· Support configuration when there is no TCI state field in the DCI scheduling PDSCH  
· If 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.
· Adopt the following TP.
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[…]
For PDSCH scheduled by DCI format 1_0, 1_1, 1_2, when a UE is configured with sfnSchemePdcch set to ‘sfnSchemeA’ and sfnSchemePdsch is not configured, and there is no TCI codepoint with two TCI states in the activation command, and if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL if applicable and the CORESET which schedules the PDSCH is indicated with two TCI states, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the first TCI state or QCL assumption which is applied for the CORESET used for the PDCCH transmission within the active BWP of the serving cell.
For PDSCH scheduled by DCI format 1_0, 1_1, 1_2, when a UE is not configured with sfnSchemePdcch, andis configured with sfnSchemePdsch set to ‘sfnSchemeA’ or ‘sfnSchemeB’, and there is at least one TCI codepoint with two TCI states in the activation command, and if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL if applicable, 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.


Case 2
For the case 2, default QCL is agreed in case that enableTwoDefaultTCI-States is configured. However, it is not yet clear whether gNB should configure TCI state field for DCI format in DCI format 1_1/1_2. If gNB needs to configure TCI state field to DCI format 1_1/1_2, it is beneficial to have another way to determine two default QCL for PDSCH without TCI state field. 
During RAN1 meeting, some companies pointed out that the general use case of SFN will be SFN-PDCCH schedules SFN-PDSCH. In this case, two default TCI state can be derived from a CORESET. Hence, we propose the following.
Proposal 2:
· If SFN PDCCH is not configured, for PDSCH reception scheduled by DCI formats 1_1 and 1_2, and, if applicable the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL,
· Support configuration when there is no TCI field in the DCI scheduling PDSCH  
· UE applies the TCI state of the scheduling CORESET when receiving the PDSCH
· This feature is UE optional capability:
· i) If UE doesn’t support this capability, UE is expected to be configured with TCI state field
· ii) UEs supporting this feature and are not capable of dynamic switching between single TRP and SFN, UE is expected to be configured with TCI state field
· Adopt the following TP.
	5.1.5	Antenna ports quasi co-location
[…]
When a UE is configured with both sfnSchemePdcch and sfnSchemePdsch scheduled by DCI format 1_0 or by DCI format 1_1/1_2, if the time offset between the reception of the DL DCI and the corresponding PDSCH of a serving cell is equal to or greater than a threshold timeDurationForQCL if applicable:
-	if the UE supports DCI scheduling without TCI field, the UE assumes that the TCI state(s) or the QCL assumption(s) for the PDSCH is identical to the TCI state(s) or QCL assumption(s) whichever is applied for the CORESET used for the reception of the DL DCI within the active BWP of the serving cell regardless of the number of active TCI states of the CORESET. If the UE does not support dynamic switching between SFN PDSCH and non-SFN PDSCH, the UE should be activated with the CORESET with two TCI states. 
-	else if the UE does not support DCI scheduling without TCI field, the UE shall expect TCI field present when scheduled by DCI format 1_1/1_2. 
When a UE is not configured with sfnSchemePdcch and is configured with sfnSchemePdsch scheduled by DCI format 1_0 or by DCI format 1_1/1_2, if the time offset between the reception of the DL DCI and the corresponding PDSCH of a serving cell is equal to or greater than a threshold timeDurationForQCL if applicable:
-	if the UE supports DCI scheduling without TCI field, the UE assumes that the TCI state(s) or the QCL assumption(s) for the PDSCH is identical to the TCI state(s) or QCL assumption(s) whichever is applied for the CORESET used for the reception of the DL DCI within the active BWP of the serving cell regardless of the number of active TCI states of the CORESET. If the UE does not support dynamic switching between SFN PDSCH and non-SFN PDSCH, the UE shall expect TCI field present when scheduled by DCI format 1_1/1_2. 
-	else if the UE does not support DCI scheduling without TCI field, the UE shall expect TCI field present when scheduled by DCI format 1_1/1_2. 


Clarification
For the condition 1) in Table 1, if enableTwoDefaultTCI-States is configured, the two default TCI states are derived from active TCI states for PDSCH. This specification is common for both Single DCI based M-TRP in Rel.16 and SFN-PDSCH in Rel.17. However, there is difference.
· For Single DCI based M-TRP in Rel.16, this specification is applied to PDSCH scheduled by DCI format 1_1/1_2 only.
· For SFN-PDSCH in Rel.17, this specification is applied to PDSCH scheduled by DCI format 1_0/1_1/1_2. 
Hence, it is better to clarify that the specification is applied to PDSCH scheduled by DCI format 1_0.
	5.1.5	Antenna ports quasi co-location
[…]
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', 
-	[…]
[bookmark: _Hlk55126218][bookmark: _Hlk54797144]-	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 3:
· Adopt the following TP.
	5.1.5	Antenna ports quasi co-location
[…]
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. This is applied to PDSCH scheduled by DCI format 1_0, 1_1, or 1_2, if UE is configured with sfnSchemePdsch. 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)



BFD/RLM RS for SFN-PDCCH
BFD RS 
For BFD, following agreement was made in RAN1#106bis e-meeting.
	Agreement
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


In Rel.15/16, up to two BFD RSs are monitored, and the two BFD RSs corresponds to two CORESETs. In Rel.17 SFN-CORESET, one BFD RS pair are counted as two BFD RSs, which corresponds to one CORESET. To support the same number of CORESETs, we should increase the number of monitored BFD RS to X=4. 
If the total number of BFD RSs exceeds X, we believe it is beneficial to have explicit CORESET selection rule to determine the BFD RS, so that both gNB and UE can have the common understanding of the BFD RS. 
Proposal 4:
· For the implicit BFD RS for SFN-PDCCH, when CORESET is indicated with two TCI states, increase the maximum number of monitored BFD RSs to X = 4.
· When the number of BFD RS determined from active TCI states of CORESETs for PDCCH monitoring is larger than X, UE selects X RS based on the following predefined rules:
· UE selects X RS provided for active TCI states for PDCCH receptions in CORESETs associated with the search space sets in an order from the shortest monitoring periodicity. If more than one CORESETs are associated with search space sets having same monitoring periodicity, the UE determines the order of the CORESET from the highest CORESET index.
· Note: If the CORESET selected based on the above rule is activated with two TCI states, how to calculate radio link quality for RLM /BFD is up to RAN4 discussion per RAN1#107e agreement. 

RLM RS 
In Rel-15/16, for RLM, when RLM RS set is not provided, implicit RLM RS selection rule is defined to determine RLM RSs. The selection priority depends on the periodicity of search space set first (the shortest periodicity has the highest priority) and if periodicities are the same, the index of CORESET is used to determine a selection priority (the highest CORESET ID has the highest selection priority). In RAN1#107e, whether/how to enhance RLM RS selection rule considering CORESET activated with two TCI states was proposed. We believe the selection priority of RLM RS, and BFD RS should be the same, and both selection priority rule should be discussed jointly.
Furthermore, when RLM RS set is explicitly provided, for the same reason, it is beneficial that the RS set includes RSs in both TCI states of a CORESET. How to ensure the RLM RS includes RSs in both TCI states of a CORESET can be further studied. 
Proposal 5:
· For RLM, when RLM RS set is not explicitly provided, study whether/how to enhance RLM RS selection rule considering CORESET activated with two TCI states.
· The RLM RS selection priority for SFN schemes should be the same as BLD RS selection priority for SFN schemes.
· For RLM, when RLM RS set is explicitly provided, for a CORESET indicated with two TCI states, study how to ensure the RLM RS includes RSs in both TCI states of a CORESET.

Conclusion
In this contribution, we discussed the enhancements on HST-SFN deployment. Based on the discussion, we made the following proposals.
Proposal 1:
· If UE is not configured with SFN PDCCH and is configured with SFN PDSCH, for PDSCH reception scheduled by DCI formats 1_0, 1_1 and 1_2, and, if applicable the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL,
· Support configuration when there is no TCI state field in the DCI scheduling PDSCH  
· If 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.
· Adopt the following TP.
	5.1.5	Antenna ports quasi co-location
[…]
For PDSCH scheduled by DCI format 1_0, 1_1, 1_2, when a UE is configured with sfnSchemePdcch set to ‘sfnSchemeA’ and sfnSchemePdsch is not configured, and there is no TCI codepoint with two TCI states in the activation command, and if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL if applicable and the CORESET which schedules the PDSCH is indicated with two TCI states, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the first TCI state or QCL assumption which is applied for the CORESET used for the PDCCH transmission within the active BWP of the serving cell.
For PDSCH scheduled by DCI format 1_0, 1_1, 1_2, when a UE is not configured with sfnSchemePdcch, andis configured with sfnSchemePdsch set to ‘sfnSchemeA’ or ‘sfnSchemeB’, and there is at least one TCI codepoint with two TCI states in the activation command, and if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL if applicable, 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.



Proposal 2:
· If SFN PDCCH is not configured, for PDSCH reception scheduled by DCI formats 1_1 and 1_2, and, if applicable the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL,
· Support configuration when there is no TCI field in the DCI scheduling PDSCH  
· UE applies the TCI state of the scheduling CORESET when receiving the PDSCH
· This feature is UE optional capability:
· i) If UE doesn’t support this capability, UE is expected to be configured with TCI state field
· ii) UEs supporting this feature and are not capable of dynamic switching between single TRP and SFN, UE is expected to be configured with TCI state field
· Adopt the following TP.
	5.1.5	Antenna ports quasi co-location
[…]
When a UE is configured with both sfnSchemePdcch and sfnSchemePdsch scheduled by DCI format 1_0 or by DCI format 1_1/1_2, if the time offset between the reception of the DL DCI and the corresponding PDSCH of a serving cell is equal to or greater than a threshold timeDurationForQCL if applicable:
-	if the UE supports DCI scheduling without TCI field, the UE assumes that the TCI state(s) or the QCL assumption(s) for the PDSCH is identical to the TCI state(s) or QCL assumption(s) whichever is applied for the CORESET used for the reception of the DL DCI within the active BWP of the serving cell regardless of the number of active TCI states of the CORESET. If the UE does not support dynamic switching between SFN PDSCH and non-SFN PDSCH, the UE should be activated with the CORESET with two TCI states. 
-	else if the UE does not support DCI scheduling without TCI field, the UE shall expect TCI field present when scheduled by DCI format 1_1/1_2. 
When a UE is not configured with sfnSchemePdcch and is configured with sfnSchemePdsch scheduled by DCI format 1_0 or by DCI format 1_1/1_2, if the time offset between the reception of the DL DCI and the corresponding PDSCH of a serving cell is equal to or greater than a threshold timeDurationForQCL if applicable:
-	if the UE supports DCI scheduling without TCI field, the UE assumes that the TCI state(s) or the QCL assumption(s) for the PDSCH is identical to the TCI state(s) or QCL assumption(s) whichever is applied for the CORESET used for the reception of the DL DCI within the active BWP of the serving cell regardless of the number of active TCI states of the CORESET. If the UE does not support dynamic switching between SFN PDSCH and non-SFN PDSCH, the UE shall expect TCI field present when scheduled by DCI format 1_1/1_2. 
-	else if the UE does not support DCI scheduling without TCI field, the UE shall expect TCI field present when scheduled by DCI format 1_1/1_2. 



Proposal 3:
· Adopt the following TP.
	5.1.5	Antenna ports quasi co-location
[…]
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. This is applied to PDSCH scheduled by DCI format 1_0, 1_1, or 1_2, if UE is configured with sfnSchemePdsch. 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:
· For the implicit BFD RS for SFN-PDCCH, when CORESET is indicated with two TCI states, increase the maximum number of monitored BFD RSs to X = 4.
· When the number of BFD RS determined from active TCI states of CORESETs for PDCCH monitoring is larger than X, UE selects X RS based on the following predefined rules:
· UE selects X RS provided for active TCI states for PDCCH receptions in CORESETs associated with the search space sets in an order from the shortest monitoring periodicity. If more than one CORESETs are associated with search space sets having same monitoring periodicity, the UE determines the order of the CORESET from the highest CORESET index.
· Note: If the CORESET selected based on the above rule is activated with two TCI states, how to calculate radio link quality for RLM /BFD is up to RAN4 discussion per RAN1#107e agreement. 
Proposal 5:
· For RLM, when RLM RS set is not explicitly provided, study whether/how to enhance RLM RS selection rule considering CORESET activated with two TCI states.
· The RLM RS selection priority for SFN schemes should be the same as BLD RS selection priority for SFN schemes.
· For RLM, when RLM RS set is explicitly provided, for a CORESET indicated with two TCI states, study how to ensure the RLM RS includes RSs in both TCI states of a CORESET.

