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Introduction
In order to overcome the frequent handover between cells along the track, multiple TRPs with the same Cell ID are connected to one BBU under the HST-SFN deployment. However, one of the main problems of HST-SFN deployment is the opposite Doppler shifts from different TRPs. From UE’s perspective, the received signal is a combination of multiple delayed signals with different power and opposite high Doppler shifts in SFN manner as shown in Figure 1, which is quite challenging for UE demodulation. To deal with the mentioned opposite Doppler shifts, two potential solutions have been agreed upon in the previous meetings, i.e., scheme 1 and TRP-based frequency offset pre-compensation.


HST-SFN deployment
In this contribution, the remaining issues on HST-SFN would be further discussed to complete the specification, mainly including additional default TCI state rules in different cases and BFD/BFR for SFN PDCCH. Moreover, some TPs for maintenance on the current specification version would also be proposed.

Discussion
Default TCI state for PDSCH
In the previous RAN1 e-meetings, several agreements on the default TCI state for PDSCH were achieved under certain conditions. Besides, some companies proposed that the default TCI state behavior of UE would be associated with the UE capability of dynamic switching between STRP and SFN transmission in some cases. Therefore, the remaining issues on the default TCI state for PDSCH should be further discussed to complete the whole default TCI state rule.
Time offset less than timeDurationForQCL
	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 UE optional feature
Agreement
The agreement from RAN1#106b-e meeting is updated as follows
When SFN PDSCH is not configured by RRC and there is no TCI codepoint which indicates two TCI states activated for the PDSCH (i.e. Rel-16 MTRP PDSCH is not configured), 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. 
· 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
· Otherwise, UE applies the one active TCI state of the CORESET  with the lowest controlResourceSetId  in the latest slot when receiving the PDSCH
· It is up to editor how to capture the above agreement



If the time offset between the reception of the DCI and its scheduled PDSCH is less than the threshold timeDurationForQCL, UE would use the default TCI state for PDSCH reception. Potential scheduling situations are shown in Table 1, considering the UE capability of dynamic switching between STRP and SFN schemes.
Default TCI state assumption when the time offset is less than timeDurationForQCL
	Case
	SFN PDSCH configured by RRC
	enableTwoDefaultTCI-States
	TCI codepoint indicates two TCI states
	Dynamic switching
	Default TCI state

	1
	Yes
	Configured
	At least one
	Support
	Reuse rule to determine TCI states as defined for Rel-16 PDSCH scheme-1a

	
	
	
	All
	Not support
	

	2
	Yes
	Configured
	None
	Support
	If enhanced SFN PDCCH transmission scheme 1 or TRP-based pre-compensation is configured and the lowest CORESET ID in the latest slot is indicated with two TCI states, UE applies both TCI states of the CORESET
Otherwise, UE applies the one active TCI state of the CORESET with the lowest ID in the latest slot

	3
	Yes
	Not configured
	/
	Support
	If enhanced SFN PDCCH transmission scheme 1 is configured and the CORESET with the lowest ID in the latest slot is indicated with two TCI states, UE applies the 1st TCI state of the two TCI states of the CORESET
Otherwise, UE applies the one active TCI state of the CORESET with the lowest ID in the latest slot

	4
	
	
	All
	Not support
	[bookmark: _Hlk95312276]Error case [UE expects that enableTwoDefaultTCI-States is configured]

	5
	No
	/
	None
	Support
	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
Otherwise, apply the one active TCI state of the CORESET with the lowest ID in the latest slot(agreed)

	
	
	
	
	Not support
	


· Case 1&5: They were agreed in the previous e-meetings.
· [bookmark: _Hlk86953582][bookmark: _Hlk86954284]Case 2: When SFN PDSCH is configured by RRC and enableTwoDefaultTCI-States is configured, if UE can support the dynamic switching between STRP and SFN transmission, but there is no TCI codepoint with two TCI states activated by MAC CE, the default TCI state for PDSCH can be determined as follow.
· If enhanced SFN PDCCH transmission scheme 1 or TRP-based pre-compensation is configured and the CORESET with the lowest ID in the latest slot is indicated with two TCI states, UE applies both TCI states of the CORESET
· Otherwise, UE applies the one active TCI state of the CORESET with the lowest ID in the latest slot
However, if UE doesn’t support the dynamic switching between STRP and SFN transmission when SFN PDSCH is configured by RRC, UE would not expect to be indicated by MAC CE with a single TCI state per any of TCI codepoint in the previous agreement. That means all TCI codepoints indicated by MAC CE would be with two TCI states, which has been covered in case 1.
· Case 3: When SFN PDSCH is configured by RRC and enableTwoDefaultTCI-States is not configured, UE would only buffer one default TCI state. Therefore, for a UE which supports dynamic switching between STRP and SFN transmission, the default TCI state for PDSCH can be determined as follow.
· If enhanced SFN PDCCH transmission scheme 1 is configured and the CORESET with the lowest ID in the latest slot is indicated with two TCI states, UE applies the 1st TCI state of the two TCI states of the CORESET
· Otherwise, UE applies the one active TCI state of the CORESET with the lowest ID in the latest slot
· Case 4: When SFN PDSCH is configured by RRC, if UE does not support dynamic switching between STRP and SFN transmission, all TCI codepoints indicated by MAC CE would be with two TCI states. However, if enableTwoDefaultTCI-States is not configured, UE would only buffer one default TCI state, then dynamic switching would happen between the SFN scheme and STRP scheme. Therefore, to avoid this case, enableTwoDefaultTCI-States should be configured, when SFN PDSCH is configured by RRC and UE does not support dynamic switching between STRP and SFN transmission. Then case 4 would convert to case 1. 
When SFN PDSCH is configured by RRC, enableTwoDefaultTCI-States is configured and there is no TCI codepoint with two TCI states activated by MAC CE, if UE is capable of the dynamic switching between STRP and SFN transmission, the time offset between the reception of the DCI and its scheduled PDSCH is less than the threshold timeDurationForQCL, the default TCI state for PDSCH can be determined as follow.
· If enhanced SFN PDCCH transmission scheme 1 or TRP-based pre-compensation is configured and the lowest CORESET ID in the latest slot is indicated with two TCI states, UE applies both TCI states of the CORESET
· Otherwise, UE applies the one active TCI state of the CORESET with the lowest ID in the latest slot
When SFN PDSCH is configured by RRC and enableTwoDefaultTCI-States is not configured, if UE is capable of dynamic switching between STRP and SFN transmission, the time offset between the reception of the DCI and its scheduled PDSCH is less than the threshold timeDurationForQCL, the default TCI state for PDSCH can be determined as follow.
· If enhanced SFN PDCCH transmission scheme 1 is configured and the CORESET with the lowest ID in the latest slot is indicated with two TCI states, UE applies the 1st TCI state of the two TCI states of the CORESET
· Otherwise, UE applies the one active TCI state of the CORESET with the lowest ID in the latest slot
When SFN PDSCH is configured by RRC, if UE is not capable of dynamic switching between STRP and SFN transmission and the time offset between the reception of the DCI and its scheduled PDSCH is less than the threshold timeDurationForQCL, UE expects that enableTwoDefaultTCI-States is configured.

Time offset equal or larger than timeDurationForQCL
	Agreement
For PDSCH reception scheduled by DCI format 1_0, [1_1 and 1_2], if 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 state(s) of the scheduling CORESET when receiving the PDSCH 
· if there are two active TCI states for the CORESET, UE applies the both QCL assumption of the CORESET that schedules the PDSCH when receiving the PDSCH 
· otherwise, UE applies the one active TCI state of the CORESET when receiving the PDSCH
· FFS if the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than the threshold timeDurationForQCL
This is UE optional feature
Agreement
When SFN PDSCH is not configured by RRC and there is no TCI codepoint which indicates two TCI states activated for the PDSCH (i.e. Rel-16 MTRP PDSCH is not configured) and SFN transmission scheme 1 is configured for PDCCH, for PDSCH reception scheduled by DCI format 1_0, 1_1, 1_2 without TCI field, 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 default TCI state is defined as the first TCI state of the CORESET.
Agreement
When SFN PDSCH and SFN PDCCH are configured by RRC, 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(s) of the scheduling CORESET when receiving the PDSCH 
· If there are two active TCI states for the CORESET , UE applies both QCL assumptions of the CORESET that schedules the PDSCH when receiving the PDSCH     
· otherwise, if there is one active TCI state for the CORESET , UE applies the one active TCI state of the CORESET when receiving the PDSCH  
This feature is UE optional capability
· If UE doesn’t support this capability, UE is expected to be configured with TCI state field
· UEs supporting this feature and are not capable of dynamic switching between single TRP and SFN , the CORESET that schedules PDSCH by DCI formats 1_1 and 1_2 (FFS DCI format 1_0) should be activated with two TCI states.
FFS for maintenance: if SFN PDCCH is not configured



If the time offset between the reception of the DCI and its scheduled PDSCH is equal or larger than the threshold timeDurationForQCL and there is no TCI field in the DCI, UE would also use the default beam for PDSCH reception. In this case, potential scheduling situations are shown in Table 2, considering the UE capability of dynamic switching between STRP and SFN transmission.
Default TCI state assumption when the time offset is equal or larger than timeDurationForQCL and there is no TCI field in DCI 1_0, 1_1 and 1_2
	Case
	SFN PDSCH configured by RRC
	SFN PDCCH configured by RRC
	TCI state(s) of the CORESET
	Dynamic switching
	Default TCI state

	1
	Yes
	Yes
	Two
	/
	 Both TCI states of the CORESET that schedules the PDSCH

	2
	
	
	One
	Support
	 The one active TCI state of the CORESET that schedules the PDSCH

	3
	
	
	
	Not support
	Error case[the CORESET that schedules PDSCH by DCI formats 1_1 and 1_2 (FFS DCI format 1_0) should be activated with two TCI states]

	4
	
	No
	One
	Support
	The one active TCI state of the CORESET that schedules the PDSCH

	5
	
	
	
	Not support
	Error case[UE expects that SFN PDCCH is configured by RRC]

	6
	No
	YES
	Two
	Support
	The first TCI state of the CORESET that schedules the PDSCH

	
	
	
	
	Not support
	



· Case 1&2&3&6: They were agreed in the previous e-meetings.
· Case 4: When SFN PDSCH is configured by RRC, SFN PDCCH is not configured by RRC, the CORESET which schedules the PDSCH is indicated with one TCI state and UE is capable of dynamic switching between STRP and SFN transmission, UE can apply the one active TCI state of the CORESET that schedules the PDSCH.
· Case 5: When SFN PDSCH is configured by RRC, SFN PDCCH is not configured by RRC, the CORESET which schedules the PDSCH is indicated with one TCI state, but UE is not capable of dynamic switching between STRP and SFN transmission, UE may dynamically switch from SFN transmission to STRP transmission if UE applies the one active TCI state of the CORESET that schedules the PDSCH. Therefore, to avoid dynamic switching, one easy way is to restrict that SFN PDCCH should be configured by RRC and the CORESET should be indicated with two TCI states, which is similar to the restriction in case 3 that has been agreed in the previous RAN1 e-meeting.
When SFN PDSCH is configured by RRC, if applicable the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL, there is no TCI field in the DCI scheduling PDSCH.
· If SFN PDCCH is not configured by RRC and UE is capable of dynamic switching between STRP and SFN transmission, UE applies the one active TCI state of the CORESET that schedules the PDSCH
· If UE is not capable of dynamic switching between STRP and SFN transmission, UE expects SFN PDCCH is configured by RRC
Default spatial relation for MTRP PUSCH/PUCCH
In the previous meeting, the default spatial relation for STRP PUSCH/PUCCH was agreed, when SFN PDCCH is configured and the CORESET with the lowest ID in the active DL BWP is indicated with two TCI states. In Rel-17, MTRP PUSCH/PUCCH is discussed in agenda item 8.1.2.1. Therefore, if the CORESET is associated with two TCI states, the default spatial relation for MTRP PUSCH/PUCCH should be also discussed.
	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 
· [bookmark: _Hlk86657258][bookmark: OLE_LINK3]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 


In the SFN scheme, the CORESET with the lowest ID which is referred to determine default spatial relation and PL-RS for UL transmission including SRS, PUCCH, and PUSCH may be activated with two TCI states. Based on the above agreement made in RAN1 #106-e meeting, the first TCI state of the CORESET is applied as default spatial relation and PL-RS for single-TRP UL transmission. For MTRP PUCCH/PUSCH/SRS transmission, default spatial relation and PL-RS are left to be further discussed. 
Regarding MTRP PUCCH, there is a common understanding that MTRP PUCCH transmission occurs when two spatial relations are activated simultaneously for one PUCCH resource by MAC CE, which means no RRC parameter is required to explicitly enable MTRP PUCCH repetition. If UE is not provided with PUCCH-SpatialRelationInfo and applying default beam is enabled, two alternatives can be considered to define default beam(s) for PUCCH transmission when two TCI states are applied for the CORESET with the lowest ID on the active DL BWP of the PCell. 
· Alt1: Only the first TCI state of the CORESET is used to define default spatial relation and PL-RS for PUCCH transmission.
· Alt2:  Both TCI states are used to define default spatial relations and PL-RSs for PUCCH transmission.
For Alt 2, when the CORESET with the lowest ID is activated with two TCI states, whether two default beams can be applied or not shall be indicated by the network, due to the network capability of UL MTRP reception. From this perspective, a new RRC parameter is required to indicate UE to apply the first TCI state or both TCI states of the CORESET as the default spatial relations and PL-RSs, if two default relations and PL-RSs are supported.
A new RRC parameter is introduced to enable two default beams and PL-RSs for PUCCH, and if it is configured,
· when only one TCI state is applied for the CORESET with lowest ID, the TCI state is used as the only default spatial relation and PL-RS for PUCCH transmission.
· when two TCI states are applied for the CORESET with lowest ID, both TCI states are used as two default spatial relations and PL-RSs for PUCCH transmission.
Regarding PUSCH for DCI format 0_1 and 0_2 with the default beam enabled, four cases are listed in the following Table 3. When only one SRS resource set is configured, UE would work in STRP PUSCH transmission mode. One default spatial relation would be defined according to the legacy procedure, if the CORESET with the lowest ID is associated with only one TCI state. And if the CORESET with the lowest ID is indicated with two TCI states, the first one of the two TCI states would be used as the only default spatial relation for STRP PUSCH. However, the cases that one or two TCI states are activated for the CORESET when two SRS resource sets are configured for PUSCH transmission shall be further discussed.
Following three alternatives can be considered for these two cases:
· Alt1:  UE does not expect that network configures two SRS resource sets when applying default beam is enabled.
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Alt2: When the CORESET with the lowest ID is activated with two TCI states, the first TCI state is used as the default beam for the first SRS resource set and the PUSCH occasions associated with the first SRS resource set, while the second TCI state is used as the default beam for the second SRS resource set and the PUSCH occasions associated to the second SRS resource set. If only one TCI state is associated with the CORESET, another default beam shall be defined.
· Alt3: When the CORESET with the lowest ID is activated with two TCI states, the first TCI state is used as the default beam for the first SRS resource set and the PUSCH occasions associated with the first SRS resource set, and the second TCI state is used as default beam for the second SRS resource set and the PUSCH occasions associated to the second SRS resource set. If only one TCI state is applied for the CORESET, one of the two SRS resource sets uses the only TCI state as the default spatial relation and PL-RS, another SRS resource set applies the configured spatial relation.
[bookmark: _Ref86689877]Examples of DL/UL configuration
	The number of activated TCI states for the CORESET with the lowest ID
	The number of SRS resource sets 
	Operation

	One TCI state
	one SRS resource set
	Legacy procedure

	One TCI state
	two SRS resource sets
	TBD

	Two TCI states
	one SRS resource set
	The first TCI state is referred as the default spatial relation and PL-RS for both SRS and PUSCH

	Two TCI states
	two SRS resource sets
	TBD



Both Alt2 and Alt3 have heavy extra work to complete the solution. Considering the progress of the meeting and not much time left, we prefer Alt1. 
Support Alt1 that UE does not expect that the network configures two SRS resource sets when applying default beam is enabled. 

Beam failure recovery for SFN PDCCH
Regarding beam failure recovery for SFN PDCCH, it has been agreed that RS of CORESETs with both single and two TCI states are used for BFD-RS and one BFD RS pair for SFN CORESET is counted as two BFD RS. The remaining issue is whether to enhance the number of BFD-RS and NBI-RS.
	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
· For implicit configuration 
· Alt 1-2: RS of CORESETs with both single and two TCI states are used
FFS: The maximum number of BFD RS and details on RS determination
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
Agreement
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



Configuration of BFD-RS
Beam failure detection is the first step of the beam failure recovery mechanism, in which UE monitors a set of  periodic CSI-RS resources to assess whether the beam failure trigger condition has been met or not. The CSI-RS can be explicitly configured by RRC signaling or implicitly associated by using the same QCL assumption with CORESETs. In the current specification, at most three CORESETs are configured for one active BWP and one of them is reserved as special CORESET-BFR, so UE only support up to a set of two SSB or CSI-RS resources for BFD. Since UE can be configured with multiple CORESETs, the CORESET would be indicated with STRP-based transmission or SFN-based transmission. If the SSB or CSI-RS resources for BFD are implicitly indicated, it has been agreed that the case that one of CORESETs is configured with two TCI states while the other CORESET is configured with one TCI state is supported. In this case, the maximum number of BFD RS should be further discussed. One way is UE still monitors up to two SSB or CSI-RS resources. Another way is to increase the number of BFD-RS, which would increase the UE complexity for UE monitoring.
Support to keep up to two BFD RS for implicit BFD RS configuration for both CORESETs with both single and two TCI states.

Configuration of NBI-RS
After the BFD monitoring, if all the BFD-RS are failed for SFN transmission, then the beam recovery would be triggered. In this situation, cell-specific BFR can be implemented rather than TRP-specific BFR for SFN transmission. That means the beam recovery can start from one of the TRP based on one NBI-RS reported by UE. After the success of beam recovery, the STRP-based transmission would be built first. Then based on the regular beam management mechanism, the network would find one new reliable beam for another TRP, then the transmission can switch to SFN-based transmission. In this way, there is no need for UE to report one SSB or CSI-RS pair of NBI-RS. Therefore, regarding the NBI-RS configuration, the existing specified behavior can be reused.
Support reusing the existing NBI-RS configuration without NBI-RS pair when SFN transmission is configured in Rel-17.

TP for maintenance on the current specification version 
The combination of SFN PDCCH and STRP PDSCH
	Agreement 
Support combination of Rel-17 SFN PDCCH scheme 1 and single-TRP PDSCH. 
This is optional UE feature



In the previous meetings, the above agreement has been achieved, which means the combination of Rel-17 SFN PDCCH scheme 1 and single-TRP PDSCH is supported as an optional UE feature [nonSfnPdsch-sfnPdcch]. Meanwhile, the combination of Rel-17 SFN PDCCH TRP-based pre-compensation and single-TRP PDSCH is not supported since there is no use case for this combination. However, in the current spec 38.214, the description of these two mentioned combinations is not captured [1]. Therefore, we propose the following TP to capture it.
Support the following TP.
	TS 38.214
5.1 UE procedure for receiving the physical downlink shared channel
< Unchanged parts are omitted >
When a UE is configured with higher layer parameter sfnSchemePdsch set to either 'sfnSchemeA' or 'sfnSchemeB' for a DL BWP and 
-	if the UE reports its capability of [dynamicSFN], the UE is indicated with one or two TCI state(s) in a codepoint of the DCI field 'Transmission Configuration Indication' in DCI format 1_1/1_2, or
-	otherwise, the UE is not expected to be indicated with one TCI state per any of TCI codepoint by MAC CE, and the UE is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' in DCI format 1_1/1_2, and
the UE procedure for receiving the PDSCH upon detection of a PDCCH follows clause 5.1 and the QCL assumption for the PDSCH as defined in clause 5.1.5.
When a UE is configured with both sfnSchemePdsch and sfnSchemePdcch, the UE shall expect that sfnSchemePdsch and sfnSchemePdcch are set to the same scheme, either 'sfnSchemeA' or 'sfnSchemeB'.
If a UE is configured with sfnSchemePdcch set to 'sfnSchemeA' for a DL BWP and activated with two TCI states by MAC CE, and the UE does not report its capability of [nonSfnPdsch-sfnPdcch], the UE does not expect to be indicated with one TCI state in a codepoint of the DCI field 'Transmission Configuration Indication' in DCI format 1_1/1_2. 
If a UE is configured with sfnSchemePdcch set to 'sfnSchemeB' for a DL BWP and activated with two TCI states by MAC CE, the UE does not expect to be indicated with one TCI state in a codepoint of the DCI field 'Transmission Configuration Indication' in DCI format 1_1/1_2.
When a UE is configured with sfnSchemePdsch and/or sfnSchemePdcch for a DL BWP, the UE shall expect that the sfnSchemePdsch and/or sfnSchemePdcch configuration are the same in the other DL BWP other than initial BWP [and BWP-DownlinkCommon]. 
< Unchanged parts are omitted >



CSI-RS overlapping with SFN-based CORESET
	Agreement
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.



Regarding the above agreement, it was mainly to handle the case when CSI-RS other than those configured with repetition set to 'on' is overlapping in the time domain with CORESET with two TCI states. However, the description of “the first TCI state of the CORESET as the default TCI assumption” is not appropriate considering the description in the current spec 38.214, because this is not a default beam issue, but an issue to guarantee the same beam for CSI-RS and PDCCH. Therefore, in order to avoid the confusion, we propose to revise the wording as following TP to reflect the real meaning more clearly and keep the similar description as what in Rel-16 spec 38.214.
Support the following TP.
	TS 38.214
5.1.6.1 CSI-RS reception procedure
< Unchanged parts are omitted >
For a CSI-RS resource associated with a NZP-CSI-RS-ResourceSet with the higher layer parameter repetition set to 'on', the UE shall not expect to be configured with CSI-RS over the symbols during which the UE is also configured to monitor the CORESET, while for other NZP-CSI-RS-ResourceSet configurations, if the UE is configured with a CSI-RS resource and a search space set associated with a CORESET activated with one TCI state in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in all the search space sets associated with CORESET are quasi co-located with 'typeD', if 'typeD' is applicable. If the CORESET is activated with two TCI states, UE may assume that quasi co-location with ‘typeD’ in the first TCI state of the CORESET is the same as the default quasi co-location with ‘typeD’ QCL assumption for the CSI-RS, if 'typeD' is applicable. This also applies to the case when CSI-RS and the CORESET are in different intra-band component carriers, if 'typeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the CORESET in the OFDM symbols occupied by the search space set(s).
< Unchanged parts are omitted >



Conclusion
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In summary, the following proposals are made for Rel-17 HST-SFN enhancement.
1. When SFN PDSCH is configured by RRC, enableTwoDefaultTCI-States is configured and there is no TCI codepoint with two TCI states activated by MAC CE, if UE is capable of the dynamic switching between STRP and SFN transmission, the time offset between the reception of the DCI and its scheduled PDSCH is less than the threshold timeDurationForQCL, the default TCI state for PDSCH can be determined as follow.
· If enhanced SFN PDCCH transmission scheme 1 or TRP-based pre-compensation is configured and the lowest CORESET ID in the latest slot is indicated with two TCI states, UE applies both TCI states of the CORESET
· Otherwise, UE applies the one active TCI state of the CORESET with the lowest ID in the latest slot
1. When SFN PDSCH is configured by RRC and enableTwoDefaultTCI-States is not configured, if UE is capable of dynamic switching between STRP and SFN transmission, the time offset between the reception of the DCI and its scheduled PDSCH is less than the threshold timeDurationForQCL, the default TCI state for PDSCH can be determined as follow.
· If enhanced SFN PDCCH transmission scheme 1 is configured and the CORESET with the lowest ID in the latest slot is indicated with two TCI states, UE applies the 1st TCI state of the two TCI states of the CORESET
· Otherwise, UE applies the one active TCI state of the CORESET with the lowest ID in the latest slot
1. When SFN PDSCH is configured by RRC, if UE is not capable of dynamic switching between STRP and SFN transmission and the time offset between the reception of the DCI and its scheduled PDSCH is less than the threshold timeDurationForQCL, UE expects that enableTwoDefaultTCI-States is configured.
1. When SFN PDSCH is configured by RRC, if applicable the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL, there is no TCI field in the DCI scheduling PDSCH.
· If SFN PDCCH is not configured by RRC and UE is capable of dynamic switching between STRP and SFN transmission, UE applies the one active TCI state of the CORESET that schedules the PDSCH
· If UE is not capable of dynamic switching between STRP and SFN transmission, UE expects SFN PDCCH is configured by RRC
1. A new RRC parameter is introduced to enable two default beams and PL-RSs for PUCCH, and if it is configured,
· when only one TCI state is applied for the CORESET with lowest ID, the TCI state is used as the only default spatial relation and PL-RS for PUCCH transmission.
· when two TCI states are applied for the CORESET with lowest ID, both TCI states are used as two default spatial relations and PL-RSs for PUCCH transmission.
1. Support Alt1 that UE does not expect that the network configures two SRS resource sets when applying default beam is enabled.
Support to keep up to two BFD RS for implicit BFD RS configuration for both CORESETs with both single and two TCI states.
Support reusing the existing NBI-RS configuration without NBI-RS pair when SFN transmission is configured in Rel-17.
Support the following TP.
	TS 38.214
5.1 UE procedure for receiving the physical downlink shared channel
< Unchanged parts are omitted >
When a UE is configured with higher layer parameter sfnSchemePdsch set to either 'sfnSchemeA' or 'sfnSchemeB' for a DL BWP and 
-	if the UE reports its capability of [dynamicSFN], the UE is indicated with one or two TCI state(s) in a codepoint of the DCI field 'Transmission Configuration Indication' in DCI format 1_1/1_2, or
-	otherwise, the UE is not expected to be indicated with one TCI state per any of TCI codepoint by MAC CE, and the UE is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' in DCI format 1_1/1_2, and
the UE procedure for receiving the PDSCH upon detection of a PDCCH follows clause 5.1 and the QCL assumption for the PDSCH as defined in clause 5.1.5.
When a UE is configured with both sfnSchemePdsch and sfnSchemePdcch, the UE shall expect that sfnSchemePdsch and sfnSchemePdcch are set to the same scheme, either 'sfnSchemeA' or 'sfnSchemeB'.
If a UE is configured with sfnSchemePdcch set to 'sfnSchemeA' for a DL BWP and activated with two TCI states by MAC CE, and the UE does not report its capability of [nonSfnPdsch-sfnPdcch], the UE does not expect to be indicated with one TCI state in a codepoint of the DCI field 'Transmission Configuration Indication' in DCI format 1_1/1_2. 
If a UE is configured with sfnSchemePdcch set to 'sfnSchemeB' for a DL BWP and activated with two TCI states by MAC CE, the UE does not expect to be indicated with one TCI state in a codepoint of the DCI field 'Transmission Configuration Indication' in DCI format 1_1/1_2.
When a UE is configured with sfnSchemePdsch and/or sfnSchemePdcch for a DL BWP, the UE shall expect that the sfnSchemePdsch and/or sfnSchemePdcch configuration are the same in the other DL BWP other than initial BWP [and BWP-DownlinkCommon]. 
< Unchanged parts are omitted >


Support the following TP.
	TS 38.214
5.1.6.1 CSI-RS reception procedure
< Unchanged parts are omitted >
For a CSI-RS resource associated with a NZP-CSI-RS-ResourceSet with the higher layer parameter repetition set to 'on', the UE shall not expect to be configured with CSI-RS over the symbols during which the UE is also configured to monitor the CORESET, while for other NZP-CSI-RS-ResourceSet configurations, if the UE is configured with a CSI-RS resource and a search space set associated with a CORESET activated with one TCI state in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in all the search space sets associated with CORESET are quasi co-located with 'typeD', if 'typeD' is applicable. If the CORESET is activated with two TCI states, UE may assume that quasi co-location with ‘typeD’ in the first TCI state of the CORESET is the same as the default quasi co-location with ‘typeD’ QCL assumption for the CSI-RS, if 'typeD' is applicable. This also applies to the case when CSI-RS and the CORESET are in different intra-band component carriers, if 'typeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the CORESET in the OFDM symbols occupied by the search space set(s).
< Unchanged parts are omitted >



1. 
1.1. 
Reference
3GPP TS 38.214, V17.0.0, (Release 17) 2021-12.
RAN WG1 #106-e meeting Chairman’s Notes.
RAN WG1 #106bis-e meeting Chairman’s Notes.
RAN WG1 #107-e meeting Chairman’s Notes.
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