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1	Introduction
RAN1 made following agreements and conclusions for HST-SFN enhancements on RAN1#106e meeting.

Agreement
Support the following combination of the transmission schemes
· Single-TRP PDCCH + Rel-17 Scheme 1 PDSCH
· Single-TRP PDCCH + Rel-17 TRP-based pre-compensation PDSCH
· FFS: Other combinations of the transmission scheme 
Note: The PDSCH corresponds to the PDSCH scheduled by DCI formats 1_1 and 1_2.

Agreement
For Rel-17 TRP-based pre-compensation scheme, indication of carrier frequency for uplink transmission (Doppler frequency reporting) in TRP-based pre-compensation scheme is supported using 
· Option 1 Implicit from RAN1#102-e agreement
· FFS enhancements to SRS (e.g multiple SRS resource in a set) to improve the accuracy of frequency estimation
For Option1, some companies raised concerns that there is no consensus on the benefit and the applicability of this scheme in FDD.
For Option1, some companies raised concerns that there is no benefit in low SNR scenarios.

Agreement
For TRP -based pre-compensation
· Alt-1: QCL parameters are dropped from the second TCI state of the indicated TCI codepoint containing two TCI states

Conclusion
For Variant A and B (if supported)
· For frequency offset pre-compensation QCL -like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step is supported by implementation without specification impact

Agreement
Confirm working assumption from RAN1#105e meeting without modification:
For TRP -based pre-compensation, Variant A (based on RAN1#103-e meeting agreement) is supported as QCL types/assumption, when the same DMRS port(s) are associated with two TCI states.
· FFS: Support of Variant B 

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
If enableTwoDefaultTCI-States is configured and at least one TCI codepoint indicates two TCI states and time offset between the reception of the DL DCI and the PDSCH is less than the threshold timeDurationForQCL, default beam(s) for Rel-17 enhanced SFN PDSCH (scheme 1 or if supported TRP-based pre-compensation) reception:
· Alt 1: Reuse rule to determine TCI states as defined for Rel-16 PDSCH scheme-1a
This is a UE optional feature

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 a UE optional feature.

Agreement
If enhanced SFN PDCCH transmission scheme (scheme 1 or if TRP-based pre-compensation is supported in FR2) is configured and CORESET is indicated with two TCI states, and scheduling offset for AP CSI-RS is less than the threshold and enableTwoDefaultTCIStates is not configured
· If there is no other DL signal on the same symbol, use one of two TCI states as default beam for aperiodic CSI-RS reception, i.e.
· using one TCI state of the CORESET with the lowest CORESET ID in the latest slot as default beam for aperiodic CSI-RS reception. If there are two activated TCI states for the CORESET with the lowest CORESET ID, one of two TCI states will be selected, i.e. always selects the first TCI state if the CORESET has two TCI states
· If there is other DL signal on the same symbol, reuse Rel-15/16 mechanism

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
If enhanced SFN PDCCH transmission scheme (scheme 1 or if TRP-based pre-compensation is supported in FR2) is configured, and if the CORESET with the lowest ID in the active DL BWP is indicated with two TCI states 
· If PL-RS and spatial relation information are not configured for PUCCH and enableDefaultBeamPL-ForPUCCH is configured in FR2 
· For single-TRP PUCCH transmission, select the first TCI state of the CORESET as default beam and PL RS 
· If PUSCH scheduled by DCI format 0_0 and enableDefaultBeamPL-ForPUSCH0-0 is configured in FR2, and if PUCCH resource is not configured on active UL BWP in the cell or if spatial relation is not configured in any PUCCH resource on active UL BWP in the cell, 
· For single-TRP PUSCH transmission scheduled by DCI format 0_0, select the first TCI state of the CORESET as default beam and PL RS 
· If PL-RS and spatial relation information are not configured for SRS and enableDefaultBeamPL-ForSRS is configured in FR2 
· For single-TRP SRS resource, select the first TCI state of the CORESET as default beam and PL RS 
· FFS other details, if any 
· These are UE optional features 

Agreement
When a CORESET is activated with two TCI states which overlaps with another CORESET, support extension of Rel-15 prioritization rule for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasions with different QCL-TypeD
· FFS: Prioritization rule considers CORESETs indicated with 1 and/or 2 TCI states 
· Supports identifying two QCL-TypeD properties for multiple overlapping CORESETs
· UE capability is introduced
· FFS other details
· FFS: Strive to have same / similar solution as discussed under AI 8.1.2.1

Conclusion
No RAN1 specification impact on how to calculate hypothetical BLER for BFD

In this contribution we provide our view on the remaining issues.
[bookmark: _Ref178064866]2	Discussion
2.1	TRP-based Pre-compensation on FR2
The TRP-based pre-compensation scheme may be useful for FR1 HST deployment. When the SNR is high on both UL and DL, the doppler frequency of DL can be estimated based on received UL signals. When gNB configures SFNed transmission in the DL, a UE around the middle of two TRPs will experience maximum opposite doppler shifts from the two TRPs. In FR1, the UE cannot separate the signals from the two TRPs by its receive antenna, a composite signal is received instead at the UE.  The large separation of positive and negative Doppler frequencies with similar power in the composite signal makes the demodulation difficult at the UE.   For UE that not capable of handling large opposite doppler effect, the gNB may pre-compensate the doppler shift at one of the 2 TRPs such that approximately a same Doppler frequency is seen by the UE from the two TRPs. Therefore, the opposite doppler effects is reduced at the UE receiver side.
In FR2, however, the beams are narrow. Multiple antenna panels are typically used at the UE in order to receive signals simultaneously from two TRPs such as in the case of SFN transmission, where each panel is dedicated to receive signals from one TRP as illustrated in Figure 1.  In this case and under line of sight (LOS) condition, which is the case in HST-SFN, each antenna panel receives mainly signals from one of the TRPs.  Channel estimation is performed in a per panel basis and signals from different panels may be further combined with MRC or MMSE after channel estimation as illustrated in Figure 1.  Since each panel receives mainly signals from one TRP, only one dominate Doppler frequency (either positive or negative) would be included in the received signal at each panel.  With such panel setting assumption, the large Doppler spread issue in FR1 may not exist in FR2 in our view. 
[bookmark: _Toc84004980]The issue of simultaneous large positive and negative Doppler frequencies in a received signal in FR1 does not exist in FR2.  
Some signal leakage is possible from a TRP not aimed for by a UE panel, but such leakage should be small in general and should not be a problem. Therefore, specifying pre-compensation in FR2 without a clear understanding of the benefit is not justified.   Since the issue does not exist in FR2, it makes no sense to specify Scheme 1 and Pre-compensation in FR2.   
[bookmark: _Toc84004981]The need for extending Pre-compensation to FR2 is unclear.
[bookmark: _Toc84004985]Pre-compensation is not specified for FR2 unless a clear benefit is identified. 
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[bookmark: _Ref83928252]Figure 1: An example of UE implementation of SFN in FR2.
2.2 RRC configuration
A few issues are still open regarding RRC configuration [1].
One remaining issue is how to configure the SFN schemes in RRC. Shall SFN scheme be separately configured for PDCCH and PDSCH, or one common RRC parameter per cell/BWP for both PDCCH and PDSCH? We believe separate configuration provides better extendable ability for scenarios beyond HST. For this purpose, we prefer separate SFN Scheme configuration for PDCCH and PDSCH.
[bookmark: _Toc84004986]Support separate SFN Scheme configuration for PDCCH and PDSCH.
Another remaining issue is how to extend the Rel-16 enhancement for TCI state activation across multiple CCs. Do we need a new RRC parameter to indicate SFN TCI states or shall we reuse the Rel-16 parameters, i.e, simultaneousTCI-UpdateList1 and simultaneousTCI-UpdateList2?
In our view, the MAC CE command for activating the TCI state simultaneously across multiple CC will get enhanced for 2 TCI states. With that enhancement, the existing parameters are sufficient.
[bookmark: _Toc84004982]Rel-16 RRC parameters simultaneousTCI-UpdateList1 and simultaneousTCI-UpdateList2 can be reused for activating SFN TCI states across multiple CCs.
[bookmark: _Toc84004987]Reuse Rel-16 RRC parameters simultaneousTCI-UpdateList1 and simultaneousTCI-UpdateList2 for activating SFN TCI states across multiple CCs.

2.4 SFN PDCCH for common DCI
Type3-PDCCH common search space is configured in PDCCH-Config and is used to provide large variety of control information by DCI formats 2_x and 3_x, including transmission of TPC command for PUCCH, PUSCH and SRS, notifying power saving information for one or multiple UEs, pre-emption indication, etc. In M-TRP for PDCCH reliability AI 8.1.2.1, it was agreed in RAN1#106e that PDCCH repetition is supported for Type3-PDCCH CSS. Besides PDCCH repetition, SFN PDCCH is another way to improve the PDCCH reliability for broadcast DCIs. Hence, supporting at least Type3-PDCCH CSS for SFN scheme 1 (sfnSchemeA) should be beneficial in our view.
[bookmark: _Toc84004988] Support at least sfnSchemeA for Type3-PDCCH CSS.

2.5 Priority rules for overlapping CORESETs
The existing QCL-TypeD prioritization rules across CORESETs in overlapping PDCCH monitoring occasions selects only one QCL-Type D to be monitored, which would exclude SFN based PDCCH in FR2 even for UEs capable of receiving two beams simultaneously. Therefore, some enhancement of the legacy rules is needed for SFN based PDCCH.   In this case, SFN PDCCH should be prioritized over non-SFN or individual PDCCH in our view to take advantage of the UE capability.  
[bookmark: _Toc84004989]The legacy QCL-D prioritization rule is enhanced by prioritize SFN USS over non-SFN USS. 
The enhanced rules may be as follows:
·  If there are CSS in the monitoring occasion, select a CSS with legacy rules 
· If there is a SFN USS having a same QCL-D as the CSS, also select the SFN USS. If there are more than one such SFN USS, select a SFN USS based on the legacy rules
· Else if there is one or more SFN USS across all CCs
· select a SFN USS based on the legacy rules
· Otherwise
· Select a USS based on legacy rules
Monitoring CORESET(s) with the same QCL-D as the selected CSS and/or USS.

A similar issue is also under discussion under multi-TRP in case of PDCCH repetition over two TRPs where the two corresponding CORESETs in a pair of linked SS sets overlap in time.   Therefore, a similar rule may be used in both scenarios. 
2.6 Basic UE feature requirement for HST-SFN 
RAN1 has agreed on supporting following PDCCH and PDSCH combinations for SFNed schemes:
· [bookmark: _Hlk83729733]Single TRP PDCCH + SFN PDSCH
· SFN PDCCH + SFN PDSCH

In a real HST network, legacy UEs would coexist with Rel-17 SFN capable UEs in the same network. The CORESET#0 configuration for Rel-17 UE need to be the same as Rel-15, with QCL assumption associated with one SSB configuration. Monitoring and detection of PDCCH in CORESET#0 is the basic function that all UE in the network must support. A Rel-17 SFN capable UE shall support the combination “Single TRP PDCCH + SFN PDSCH” as basic SFN UE capability, which is also a prerequisite capability to any other optional SFN UE capabilities. 
[bookmark: _Toc84004990]“Single TRP PDCCH + SFN PDSCH” is the basic UE capability for supporting of SFN Schemes.
[bookmark: _Hlk84003128]The SFN scheme can be either UE-based or TRP-based. The TRP-based SFN scheme, i.e. TRP pre-compensation, requires gNB implementation rather than UE implementation. In our view, only the UE-based SFN scheme(sfnSchemeA) is a true indication for supporting of HST SFN.TRP based Scheme(sfnSchemeB) is more like a UE incapability than capability. The sfnSchemeB also has fundamental performance issue for low SNR case as shown in [2], [3]. UE needs to support the sfnSchemeA as the basic UE capability to ensure the performance of HST deployment. A UE supports sfnSchemeB shall support first sfnSchemeA as prerequisite capability.
[bookmark: _Toc84004991]sfnSchemeA is the basic UE capability for supporting of SFN Schemes.
[bookmark: _Toc84002315][bookmark: _Toc84004992]A UE supports sfnSchemeB shall support sfnSchemeA as prerequisite capability if a separate capability is defined for sfnSchemeB.



Conclusion
In the previous sections we made the following observations: 
Observation 1	The issue of simultaneous large positive and negative Doppler frequencies in a received signal in FR1 does not exist in FR2.
Observation 2	The need for extending Pre-compensation to FR2 is unclear.
Observation 3	Rel-16 RRC parameters simultaneousTCI-UpdateList1 and simultaneousTCI-UpdateList2 can be reused for activating SFN TCI states across multiple CCs.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Pre-compensation is not specified for FR2 unless a clear benefit is identified.
Proposal 2	Support separate SFN Scheme configuration for PDCCH and PDSCH.
Proposal 3	Reuse Rel-16 RRC parameters simultaneousTCI-UpdateList1 and simultaneousTCI-UpdateList2 for activating SFN TCI states across multiple CCs.
Proposal 4	Support at least sfnSchemeA for Type3-PDCCH CSS.
Proposal 5	The legacy QCL-D prioritization rule is enhanced by prioritize SFN USS over non-SFN USS.
Proposal 6	“Single TRP PDCCH + SFN PDSCH” is the basic UE capability for supporting of SFN Schemes.
Proposal 7	sfnSchemeA is the basic UE capability for supporting of SFN Schemes.
Proposal 8	A UE supports sfnSchemeB shall support sfnSchemeA as prerequisite capability if a separate capability is defined for sfnSchemeB.
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