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[bookmark: _GoBack]In this contribution, we discuss the enhancement of HST-SFN deployment.

Default QCL of PDSCH in SFN-PDCCH
In RAN1#106bis e-meeting, following agreement was made.
	Agreement
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 


There is one [ ] in the agreement. The discussion point is whether the condition “enableTwoDefaultTCIStates is not configured” is needed, because the 1st bullet says “When SFN PDSCH is not configured by RRC”. When SFN PDSCH is not configured by RRC, UE may be configured with M-TRP PDSCH repetition in Rel.16. In case M-TRP PDSCH repetition is configured, the above agreement should not be applied. Hence, we suggest to remove the [ ].
Proposal 1:
· Update the following agreement in RAN1#106bis: 
· 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 

DCI formats without TCI state field to schedule SFN-PDSCH
In RAN1#106bis e-meeting, following proposal was discussed.
	Possible Agreement
For PDSCH reception scheduled by DCI format 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 field in the DCI scheduling PDSCH , when SFN is configured for both PDCCH and PDSCH by RRC
· 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 the both QCL assumptions of the CORESET that schedules the PDSCH when receiving the PDSCH
· otherwise, if there is one active TCI states for the CORESET , UE applies the one active TCI state of the CORESET when receiving the PDSCH  
· FFS : UE behavior if the UE does not support the above


For DCI format 1_1/1_2, we already agreed that both configurations with and without TCI state field are supported to schedule HST-PDSCH in case of the scheduling offset < timeDurationForQCL. We believe it is also beneficial to support the default QCL for HST-PDSCH for the scheduling offset >= timeDurationForQCL. 
As discussed in RAN1#106bis e-meeting, the UE capability of timeDurationForQCL is only reported in FR2. 
	timeDurationForQCL
Defines minimum number of OFDM symbols required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing as described in TS 38.214 [12] clause 5.1.5. UE shall indicate one value of the minimum number of OFDM symbols per each subcarrier spacing of 60kHz and 120kHz.
	FS
	Yes
	N/A
	FR2 only


Hence, based on the previous agreement, DCI format 1_0 or DCI format 1_1/1_2 without TCI state field can schedule SFN-PDSCH for HST in FR2, however it is not supported in FR1. We believe SFN-PDSCH for HST is mainly used in FR1, and it is beneficial to allow DCI format 1_0 (and DCI format 1_1/1_2 without TCI state field) to schedule SFN-PDSCH in FR1. In FR1, usually QCL-Type D RS is not configured. However, to enable SFN-PDSCH, two TCI states should be selected. We can reuse the agreed default QCL rule for FR2 to select two TCI states for FR1.
Proposal 2:
· For PDSCH reception scheduled by DCI format 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 field in the DCI scheduling PDSCH , when SFN is configured for both PDCCH and PDSCH by RRC
· 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 the both QCL assumptions of the CORESET that schedules the PDSCH when receiving the PDSCH
· otherwise, if there is one active TCI states for the CORESET , UE applies the one active TCI state of the CORESET when receiving the PDSCH  
· FFS : UE behavior if the UE does not support this feature

Overlapping monitoring occasion with different QCL-TypeD in SFN-PDCCH
In Rel-15/16, if PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORERSETs have different QCL-TypeD, UE monitors PDCCH only in a CORESET having the same QCL-TypeD as the CORESET determined from the priority rule that CSS has higher priority than USS and SS set with lower index has higher priority. If a CORESET can be activated with two TCI states, the rule for PDCCH monitoring in multiple CORESETs with different QCL-TypeD needs to be specified. In RAN1#106bis e-meeting, following proposal was discussed.
	Issue #4-9:
· When a CORESET is activated with two TCI states which overlaps with another CORESET, support PDCCH monitoring of PDCCH candidates in overlapping monitoring occasions with QCL-TypeD properties identified according to prioritization rule 
· Down-select one alternative 
· Alt 1: Search Space (SS) type > serving cell index > SS set ID
· Supported by: OPPO, ZTE, Qualcomm,
· Alt 2: SS type > serving cell index > SS set ID > the number of TCI states of CORESET
· If prioritized CORESET has one TCI state, the second QCL type D is identified by the first TCI of a CORESET with the second highest priority 
· Supported by: Huawei / HiSilicon, ZTE, 
· Alt 3: SS type > serving cell index > SS set ID > the number of TCI states of CORESET
· If prioritized CORESET has one TCI state, the second QCL type D is identified according to one of the SS sets that is linked with a CORESET with the first QCL-TypeD among the multiple overlapping CORESETs); and
· In case of multiple such CORESETs, Rel. 15 priority order is used for the second QCL-TypeD determination.
· Supported by: Spreadtrum?, CATT
· Alt 4: the number of TCI states for CORESET > SS type > serving cell index > SS set ID 
· Supported by: 
· Alt 5: SS type > the number of TCI states for CORESET > serving cell index > SS set ID
· If prioritized CORESET has one TCI state, all CORESETs associated with at least the one active TCI state are also monitored.


In Alt.1, the priority rule is the same as Rel.15/16, and it does not care whether CORESET is indicated with one or two TCI states. In Alt.2/3, firstly Rel.15/16 CORESET priority rule is applied, and after that the number of TCI states is taken into account. We believe CORESET(s) with two TCI states should be higher priority than CORESET(s) with one TCI states, irrespective of the serving cell index or search space index, because CORESET(s) with two TCI states is more suitable for URLLC use-case. Hence, Alt.1-3 are not preferred.
In Alt.4, CORESET with two TCI states are always higher priority. In legacy rule, CSS has higher priority than USS. However, in Alt.4, CSS with one TCI state is lower priority than USS with two TCIs. In Alt. 5, CSS has higher priority, same as Rel.15/16. We should consider whether Type 0 CSS should have higher priority than other SS set. In legacy rule, since the SS index of Type 0 CSS is 0, Type 0 CSS always has the highest priority. In Alt.5, Type 0 CSS with one TCI state may have lower priority than other CSS with two TCIs.
Considering that CORESET with two TCI states should be higher priority than CORESET with one TCI state, to enable SFN-PDCCH, we believe Alt.4 or Alt.5 should be supported. Between Alt.4 and Alt.5, we slightly prefer Alt.5 because it align with the basic Rel.15/16 principle that CSS is always higher priority than USS. 
After the priority rule is determined and the CORESET with the highest priority is selected, we need to consider both cases that the CORESET determined from above rule has two active TCI states and one active TCI state. If the CORESET determined from above rule has two active TCI states, all CORESETs associated with either or both of the two TCI states are also monitored. Else, all CORESETs associated with at least the one active TCI state are also monitored.
Proposal 3:
· When a CORESET is activated with two TCI states which overlaps with another CORESET, support either of the following prioritization rule for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasions with different QCL-TypeD:
· Alt 4 (2nd preference): the number of TCI states for CORESET > SS type > serving cell index > SS set ID
· Alt 5 (1st preference): SS type > the number of TCI states for CORESET > serving cell index > SS set ID
· If the CORESET determined from above rule has two active TCI states, all CORESETs associated with either or both of the two active TCI states are also monitored.
· If the CORESET determined from above rule has one active TCI state, all CORESETs associated with at least the one active TCI state are also monitored.

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.
· If the CORESET selected based on the above rule is activated with two TCI states, RS in both TCI states are selected for BFD. 

RLM RS 
In Rel-15/16, for RLM, when RLM RS set is not provided, RSs in TCI states for CORESETs are used as RLM RS. When a CORESET is indicated with two TCI states, RSs in both TCI states of the CORESET can be used as RLM RS so that channel condition between UE and both TRPs are taken into account. 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, for a CORESET indicated with two TCI states, RSs in both TCI states are used as RLM RS.
· 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.

CSS associated with SFN-PDCCH
In RAN1#106bis e-meeting, it was discussed whether SFN transmission scheme can be used to transmit PDCCH in CSS, and which QCL assumptions UE should use for PDCCH reception when CSS is associated with CORESET with two TCI states. Following agreement was made.
	Agreement
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. 


We believe Alt.2 is too restrictive. To ensure UE to receive PDCCH candidates in CSS 0/0A/1/2/3 in single-TRP, we believe Alt.3 is enough, and it should be supported.
Proposal 6:
· For CSS associated with SFN CORESET, support the following:
· 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.

Simultaneous TCI states update across CCs
SFN-PDCCH/PDSCH
In RAN1#106e, the following agreement was made.
	Agreement
In CA scenario support RRC configured 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 in the indicated CCs set
· FFS: Whether to reuse Rel-16 RRC parameters or introduce new RRC parameters.
· FFS: UE capability
· FFS: Whether/How to update the CORESET that is not configured to SFN scheme in the indicated CCs set


The last FFS point in the agreement should be resolved. In RAN1#106bis e-meeting, RRC parameter configuration of SFN schemes are defined per BWP per CC. Hence, UE may be configured with SFN in some CC(s) and not be configured with SFN in other CC(s). If UE is configured with CC-list for simultaneous TCI state update across CCs, and if UE is indicated with two TCI states by MAC CE, UE behavior on CC(s) with not configured with SFN in the CC-list should be defined. It is clearly not possible to apply SFN schemes in the CC(s) with not configured SFN. Hence, we should define how to select one TCI state from the two indicated TCI states, to enable single TRP reception on the CC(s).
Proposal 7:
· If UE is configured with CC-list for simultaneous TCI states update across CCs, and if UE is not configured with SFN for PDCCH/PDSCH in some CC(s) in the configured CC-list, and if two TCI states are indicated by MAC CE/DCI:
· For CCs configured with SFN, the two indicated TCI states are used.
· For CCs not configured with SFN, 1st TCI state of the two indicated TCI states is selected.

SFN-PDCCH
In RAN1#106bis e-meeting, the following working assumption was made.
	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.


The discussion point is whether to reuse Rel.16 RRC parameters (simultaneousTCI-UpdateList1, simultaneousTCI-UpdateList2) to configure the CC list. We believe the Rel.16 RRC parameters can be used for the configuration, and we don’t see any issue on that.
Proposal 8:
· Confirm the WA in RAN1#106bis:
· 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.

SFN-PDSCH
Simultaneous TCI state update across CCs is useful for SFN-PDSCH. For SFN-PDSCH, Rel.16 MAC CE (Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE) can be reused without spec. enhancement. Similarly, Rel.16 simultaneous TCI states update across CCs can be simply reused for SFN-PDCCH. 
Proposal 9:
· For SFN-PDSCH:
· Rel.16 MAC CE (Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE) can be reused without spec. enhancement.
· Rel.16 simultaneous TCI states update across CCs can be used.

TRP pre-compensation scheme in FR2
In RAN1#106e, whether TRP pre-compensation scheme can be applied to FR2 was discussed. It was pointed out that Rel.16 RAN4 is under discussion whether to support SFN-HST in FR2. However, whether to support TRP pre-compensation scheme in FR2 in RAN1 specification should be decided from RAN1 perspective, and it should be not related whether RAN4 Rel.16 supports the SFN-HST scenario or not. From RAN1 perspective, there is no need to differentiate the specification in FR1 and FR2, because we think there is no additional specification effort to support TRP pre-compensation scheme in FR2. Also, we don’t see any reason that we need to preclude TRP pre-compensation scheme in FR2 from RAN1 perspective.
Proposal 10:
· TRP pre-compensation scheme is supported in FR2.

Conclusion
In this contribution, we discussed the enhancements on HST-SFN deployment. Based on the discussion, we made the following proposals.
Proposal 1:
· Update the following agreement in RAN1#106bis: 
· 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 
Proposal 2:
· For PDSCH reception scheduled by DCI format 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 field in the DCI scheduling PDSCH , when SFN is configured for both PDCCH and PDSCH by RRC
· 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 the both QCL assumptions of the CORESET that schedules the PDSCH when receiving the PDSCH
· otherwise, if there is one active TCI states for the CORESET , UE applies the one active TCI state of the CORESET when receiving the PDSCH  
· FFS : UE behavior if the UE does not support this feature
Proposal 3:
· When a CORESET is activated with two TCI states which overlaps with another CORESET, support either of the following prioritization rule for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasions with different QCL-TypeD:
· Alt 4 (2nd preference): the number of TCI states for CORESET > SS type > serving cell index > SS set ID
· Alt 5 (1st preference): SS type > the number of TCI states for CORESET > serving cell index > SS set ID
· If the CORESET determined from above rule has two active TCI states, all CORESETs associated with either or both of the two active TCI states are also monitored.
· If the CORESET determined from above rule has one active TCI state, all CORESETs associated with at least the one active TCI state are also monitored.
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.
· If the CORESET selected based on the above rule is activated with two TCI states, RS in both TCI states are selected for BFD. 
Proposal 5:
· For RLM, when RLM RS set is not explicitly provided, for a CORESET indicated with two TCI states, RSs in both TCI states are used as RLM RS.
· 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.
Proposal 6:
· For CSS associated with SFN CORESET, support the following:
· 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.
Proposal 7:
· If UE is configured with CC-list for simultaneous TCI states update across CCs, and if UE is not configured with SFN for PDCCH/PDSCH in some CC(s) in the configured CC-list, and if two TCI states are indicated by MAC CE/DCI:
· For CCs configured with SFN, the two indicated TCI states are used.
· For CCs not configured with SFN, 1st TCI state of the two indicated TCI states is selected.
Proposal 8:
· Confirm the WA in RAN1#106bis:
· 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.
Proposal 9:
· For SFN-PDSCH:
· Rel.16 MAC CE (Enhanced TCI States Activation/Deactivation for UE-specific PDSCH MAC CE) can be reused without spec. enhancement.
· Rel.16 simultaneous TCI states update across CCs can be used.
Proposal 10:
· TRP pre-compensation scheme is supported in FR2.

