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Introduction
Release-17 RAN1 work-item on further enhanced MIMO (FeMIMO) in [1] scoped the following for the enhancement of high-speed train – single frequency network deployment for both FR1 and FR2. 
	2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
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




In this contribution, we discuss the remaining issues related to Rel-17 FeMIMO on enhancement for HST SFN deployment. 
Remaining issues
Issue #1: Supported combination of SFN schemes in spec
RAN1 has agreed to support the following combination of SFN and single TRP transmission schemes for PDCCH and PDSCH as summarised in Table 1. However, this is not captured at RAN1 specifications. 
Table 1: PDSCH and PDCCH transmission mode in SFN mode
	
	PDSCH

	
	Rel-15
	SFN scheme A
	SFN scheme B

	
    PDCCH
	Rel-15
	N/A
	Supported
	Supported

	
	SFN scheme A
	Supported (URLLC)
	Supported
	No supported

	
	SFN scheme B
	Not support
	Not supported
	Supported



The following text in the endorsed CR draft clause 5.1 was removed post RAN1 #107e. In our views, this TP is needed to clarify the which combination of single-TRP/SFN transmission schemes are supported for PDCCH and PDSCH.

	38.214 CR – Clause 5.1




Proposal 1:  Add back the crossed-out TP in clause 5.1 (38.214 CR) to further clarify the supported combination of transmission schemes for PDCCH and PSDCH in SFN.

Issue #2: MAC-CE activation of two TCI states when UE is not configured with SFN PDCCH
It was agreed to support a single MAC-CE activating two TCI states of CRESET with same CORESET ID for all BWPs for a group of CCs operating in CA scenario by reusing the legacy Rel-16 RRC parameters “simultaneousTCI-UpdateList1, simultaneousTCI-UpdateList2” to define set of the serving cells which can be addressed by the MAC CE.
	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

Agreement
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.





One remaining issue is when one of the indicated CCs is not configured with SFN scheme and the UE receives a Rel-17 MAC-CE that activates two TCI states for CORESET. Our understanding of the wording “CORESET not configured to SFN scheme” is that there is no higher layer signalling (RRC parameter) that identify scheme-1 or TRP-based pre-compensation SFN scheme for PDCCH. In such scenario, the UE should ignore the MAC-CE and considers as error case. 

Proposal 2:  UE doesn’t expect to receive a MAC-CE activating two TCI states of a CORESET that is not identified for SFN PDCCH scheme by RRC. 

Issue #3: SFN CORESET before reception of MAC-CE
In Rel-15, a list of TCI states IDs is RRC configured as part of the CORESET configuration with a maximum of 64 TCI states. A single TCI state is activated through the MAC-CE if the list has more than one TCI state ID.  If only a single TCI state is listed with the “ControlResourceSet” parameter structure and the UE did not receive MAC-CE, then the UE assume QCL between the PDCCH and SSB/CSI-RS reference signal specified by the TCI state. For the scheme-1 SFN PDCCH, the MAC CE activation is needed when the SFN CORESET is RRC configured with more than two TCI states. However, if only two TCI states are RRC configured for the SFN CORESET, there is no need for MAC-CE activation command. 
Observation 1: Rel-17 MAC-CE activation of two TCI states for SFN PDCCH is required only when more than two TCI states are RRC configured in the CORESET. 
Proposal 3: For a CORESET that is indicated with SFN mode by higher layer signalling and RRC-configured with only two TCI states, the UE assumes that the DM-RS antenna port associated with PDCCH receptions in the CORESET are QCLed with the DL RSs in the two TCI states. 
Issue #4: TCI field presence in DCI when SFN PDCCH not configured
In the RAN1 meeting #107e when SFN is configured for PDCCH and PDSCH, it was agreed to support the configuration of TCI field is not present in the DL DCI when the scheduling offset is equal or larger than the threshold. One remaining issue is the scenario when SFN is configured for PDSCH only. In that scenario, the CORESET is single TCI. Therefore, TCI field should be always present in the DCI. 
Proposal 4: When SFN is configured for PDSCH only, TCI field should be always present in DCI format 1_1 and 1_2 scheduling SFN PDSCH.
	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




Issue #5: fallback DCI 1_0 use-case when UE not capable of PDSCH dynamic switching 
In the RAN1 meeting #106e, it was agreed that PDSCH scheduled by DCI format 1_0 follow the QCL assumption of the scheduling CORESET if the time offset is equal or largen than the threshold timeDurationForQCL. 
The use-case for the fallback DCI 1_0 could be categorized into two cases based on the RNTI. The first category is for non-unicast PDSCH (e.g., PDSCH carrying system or paging information when scrambled with P-RNTI, SI-RNTI) and second category is for unicast data (e.g., UE-specific PDSCH when scrambled with C-RNTI or CS-RNTI). In the latter case for unicast PDSCH, for the UE that don’t support dynamic switching between single-TRP and SFN scheme (scheme-1 or TRP-based pre-compensation) shouldn’t expect the scheduling CORESET to be activated with single TCI state. 
Proposal 5: For unicast PDSCH scheduled by DCI format 1_0 with scheduling offset equal or larger than threshold ‘timeDurationForQCL, the UE does not expect the scheduling CORESET to be activated with single TCI states, if UE is configured with SFN scheme by RRC and not capable to support dynamic switching between scheme 1 and single-TRP 
The latter proposal follows the same design principles that RAN1 agreed to in RAN1 meeting #105e.
	Agreement
UE is not expected to be indicated by MAC CE with single TCI state per any of TCI codepoint, if UE is configured with scheme 1 PDSCH by RRC , but not capable to support dynamic switching between scheme 1 and single-TRP by TCI state field in DCI Format 1_1/1_2



Issue #6: BFR enhancement
For explicit configuration of BFD-RS, reusing Rel-15/16 existing approach (i.e. Alt 2-2 in earlier agreements) is simpler and also makes more sense for the gNB to ask UE to measure whichever important BFD RS. In addition, the enhancement of BFD should be appliable only to Rel.15/Rel.16 BFD. 

Proposal 6: For explicit configuration of RS for BFD, support Alt 2-2 by reusing the existing approach for BFD RS configuration.
Proposal 7: BFR enhancement is applicable only to Rel.15 and Rel.16 BFR.

Issue #7: CSS Type 0/0A/1/2 
PDCCH candidates in CSS type 0/0A/1/2 are used for scheduling PDSCH carrying broadcast messages (SIB1, OSI, paging, MSG2/4 or paging) while PDCCH candidates in CSS type 3 are used for UE group common signalling (GC-DCI) or scheduling UE specific PDSCH using fallback DCI format.
For TPR-based pre-compensation scheme, it is not expected that network can pre-compensate the PDCCH as different UEs may experience different Doppler frequency shifts. In addition, the gNB needs to serve a mixture of legacy UEs, Rel-17 UE supporting SFN PDCCH and Rel-17 UE that don’t support SFN PDCCH reception. Therefore, legacy procedure should be maintained where PDCCH candidates in CSS type 0/0A/1/2 should not be associated with SFN CORESET. 
Observation 2: SFN scheme 1 and TRP-based pre-compensation scheme are not suitable for PDCCH candidates associated with CSS type 0/0A/1/2. 
Proposal 8: UE doesn’t expect PDCCH candidates in CSS to be associated with CORESET activated with two TCI states.

Issue #8: restriction of SFN schemes for intra-band CA
The following agreement was made in RAN1 #107e, however, it was not captured in the endorsed CR post the RAN1 meeting [2]. 
	Agreement
For intra-band CA, UE doesn’t expect configurations of different SFN schemes in different CCs



Proposal 9: Suggest the following edits in the TP to reflect the RAN1 agreement of restricting the same SFN schemes across multiple components carriers in the same band. 

	TP – clause 5.1 
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' for all component carriers in the same band. 



Conclusion 
In this contribution, we discussed the remaining issues for the enhancement of HST in SFN. Below is the summary of our conclusion:
Proposal 1:  Add back the crossed-out TP in clause 5.1 (38.214 CR) to further clarify the supported combination of transmission schemes for PDCCH and PSDCH in SFN..

	38.214 CR – Clause 5.1




Proposal 2:  UE doesn’t expect to receive a MAC-CE activating two TCI states of a CORESET that is not identified for SFN PDCCH scheme by RRC. 

Proposal 3: For a CORESET that is indicated with SFN mode by higher layer signalling and RRC-configured with only two TCI states, the UE assumes that the DM-RS antenna port associated with PDCCH receptions in the CORESET are QCLed with the DL RSs in the two TCI states. 

Proposal 4: When SFN is configured for PDSCH only, TCI field should be always present in DCI format 1_1 and 1_2 scheduling SFN PDSCH.
Proposal 5: For unicast PDSCH scheduled by DCI format 1_0 with scheduling offset equal or larger than threshold ‘timeDurationForQCL, the UE does not expect the scheduling CORESET to be activated with single TCI states, if UE is configured with SFN scheme by RRC and not capable to support dynamic switching between scheme 1 and single-TRP 
Proposal 6: For explicit configuration of RS for BFD, support Alt 2-2 by reusing the existing approach for BFD RS configuration.
Proposal 7: BFR enhancement is applicable only to Rel.15 and Rel.16 BFR.

Proposal 8: UE doesn’t expect PDCCH candidates in CSS to be associated with CORESET activated with two TCI states.

Proposal 9: Suggest the following edits in the TP to reflect the RAN1 agreement of restricting the same SFN schemes across multiple components carriers in the same band. 

	TP – clause 5.1 
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' for all component carriers in the same band.
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