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Introduction
In RAN1#106-e, a few agreements were made for HST-SFN deployment enhancements to help down select the supported schemes and identify the combinations of PDSCH and PDCCH schemes for deployments involving HST-SFN schemes. In addition, the QCL assumptions associated with the Doppler pre-compensation scheme were finalized. For PDCCH enhancements, a few agreements were made related to identifying the default beam as well as beam failure detection process. In this contribution we provide our views on these HST-SFN deployment proposals, more specifically we discuss further details of the Doppler pre-compensation mechanism. Additionally, PDCCH enhancements for multi-TRP SFN scenarios are further discussed.
HST-SFN Deployment
In RAN1#106-e [1], the following agreements were made for HST-SFN deployment, as well as for PDCCH enhancements under SFN transmission, as follows
	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.

Decision: As per email posted on Aug 24th,
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.



Combination of the transmission schemes for PDCCH and PDSCH
In RAN1#106-e, it was agreed to support the following scheme combinations for PDCCH and PDSCH transmissions:
· Single-TRP PDCCH + Rel-17 Scheme 1 PDSCH
· Single-TRP PDCCH + Rel-17 TRP-based pre-compensation PDSCH

It was also proposed by some companies to support the following PDCCH/PDSCH scheme combinations
· Rel-17 Scheme 1 PDCCH + Single-TRP PDSCH
· Rel-17 TRP-based pre-compensation PDCCH + Single-TRP PDSCH

In order to carefully study the need of supporting the latter two scheme combinations, we break down the problem into two parts, where the first part targets UEs that are capable of supporting dynamic switching between single-TRP transmission and either HST-SFN Scheme 1 or TRP-based pre-compensation scheme, and the second part targets UEs that are incapable of such dynamic switching. For the latter part, we are not convinced a use case exists in which SFN scheme would be activated for PDCCH transmission and not PDSCH transmission, since PDCCH transmission is less prone to errors due to lower MCS level and per-symbol DMRS density. 
For the former part, in which a UE can be dynamically switched between single-TRP transmission and SFN transmission, the need to support mixed transmission schemes is more relevant. However, we reiterate that PDCCH includes DMRS in every symbol, and hence it is less prone to errors, compared with PDSCH. Thereby, whenever the UE can be dynamically switched between HST-SFN schemes and single-TRP schemes, it seems more natural to configure the UE with PDCCH reception with single-TRP transmission mode.
Configuring a UE to supporting SFN scheme for PDCCH and single-TRP scheme for PDSCH is not well motivated 
1. Do not support the following scheme combinations in Rel. 17:
· Rel-17 Scheme 1 PDCCH + Single-TRP PDSCH
· Rel-17 TRP-based pre-compensation PDCCH + Single-TRP PDSCH

Doppler pre-compensation scheme
UL RS-based Pre-compensation
[bookmark: _Hlk84007227]In RAN1#106-e, it was agreed to support network-based Doppler pre-compensation with implicit Doppler reporting under Variant A. In Table 1, we present a version of Variant A of the Doppler pre-compensation scheme, with Doppler estimation based on SRS, as follows
	Step 1:
· TRP1 transmits TRS0 at carrier frequency fc
· TRP2 transmits TRS1 at carrier frequency fc
Step 2: 
· UE receives TRS0 and TRS1 at frequencies fc+fd1 and fc+fd2, respectively
· UE transmits SRS at a frequency based on one of the two TRSs, e.g., based on TRS0 with carrier frequency fc+fd1 
Step 3:
· TRP1 and TRP2 receive SRS at frequencies fr1 =fc+2fd1 and fr2 =fc+fd1+fd2, respectively
· A centralized node, e.g., gNB computes the delta frequency shift ∆fr between the received SRS at TRP1 and TRP2 respectively, so that ∆fr = fd1 - fd2 
· TRP1 and TRP2 transmit DMRS0 at frequencies ft1 =fc and ft2 =fc+∆fr, respectively, which is expected to be received at frequency fc+fd1


[bookmark: _Ref79146434]Table 1. Pre-compensation Scheme for HST-SFN
As shown above, the proposed offset frequency pre-compensation scheme helps align the receive frequency of the DMRS to fc+fd1 from both TRPs, and hence reduces the UE decoding complexity. Note that the TRS transmission of the proposed scheme is TRP-specific, i.e., each TRP transmits a separate TRS, similar to HST Scheme 1. For this scenario, the DMRS symbols received at the UE would be aligned in frequency with that of the TRS transmitted from one TRP (TRP1), whereas the TRS from the other TRP (TRP2) would not be aligned with the DMRS, and hence cannot be QCLed with the DMRS for PDSCH with respect to Doppler characteristics. On the other hand, the delay characteristics of the channel can be inferred from both TRSs. In light of that, one TRS corresponding to the TRP whose DMRS is not pre-compensated should be QCLed with ‘QCL-typeA’ with the DMRS for PDSCH, whereas the other TRS corresponding to the TRP whose DMRS is pre-compensated should be QCLed with the DMRS for PDSCH with respect to ‘Average delay’ and ‘Delay spread’. This setup matches Variant A in the list of alternatives for QCL assumptions that was derived in RAN1#103-e [2]. 
The proposed version of the Doppler pre-compensation scheme with TRP-specific TRS transmission is compatible with Variant A of the QCL assumptions

Backward-compatible Doppler pre-compensation scheme
A few companies have expressed their interest in supporting a backward compatible Doppler pre-compensation scheme to support legacy UEs. In order to achieve that, one straightforward approach would be transmitting at least one TRS in SFN manner, so that legacy UEs can only track this TRS. In light of that, a modified version of the aforementioned Doppler pre-compensation scheme that supports backward compatibility for legacy UEs is discussed in Table 2 as follows
	Step 1:
· TRP1 transmits TRS0 at carrier frequency fc
· Both TRP1 and TRP2 transmit TRS1 in SFN manner at carrier frequency fc
Step 2: 
· Legacy UE: tracks TRS1 only and ignores TRS0
· Rel. 17 UE: receives TRS0 at frequency fc+fd1, as well as TRS1 
· Rel. 17 UE: transmits SRS at a frequency based on TRS0, i.e., transmits SRS with frequency fc+fd1 
Step 3:
· TRP1 and TRP2 receive SRS at frequencies fr1 =fc+2fd1 and fr2 =fc+fd1+fd2, respectively
· A centralized node, e.g., gNB computes the delta frequency shift ∆fr between the received SRS at TRP1 and TRP2 respectively, so that ∆fr = fd1 - fd2 
· TRP1 and TRP2 transmit DMRS0 at frequencies ft1 =fc and ft2 =fc+∆fr, respectively, which is expected to be received at the Rel. 17 UE at frequency fc+fd1


[bookmark: _Ref79147313]Table 2. Backward-compatible pre-compensation scheme for HST-SFN
One advantage of the backward-compatible pre-compensation scheme is that it can help decouple the estimation of the Doppler-related and delay-related large-scale fading parameters, such that the TRP-specific TRS (TRS0) is used to track the Doppler characteristics, whereas the SFNed TRS (TRS1) can be used to estimate the delay characteristics, which matches Variant B QCL assumptions. On the other hand, legacy UEs cannot be supported with the non-backward compatible scheme in Section 2.1.1, and a third TRS (TRS2) needs to be transmitted from different TRPs (in SFN manner). One advantage of the non-backward compatible scheme over the backward compatible scheme is that it shares the same TRS transmission mechanism as that of Scheme 1, leading to facilitating the switching between both schemes, as well as facilitating the implementation since both schemes can be supported using common algorithms for TRS reception. In our opinion, supporting both the Doppler pre-compensation scheme and HST-SFN Scheme 1 may be necessary, for instance HST-SFN Scheme 1 can be useful in case the network has exhausted the SRS resources, whereas the Doppler pre-compensation scheme can be used when the UE fails to properly estimate the two Doppler shifts from the two TRPs. Therefore, we prefer the default pre-compensation scheme proposed in Table 1 with two TRSs transmitted in TRP-specific manner to support Rel. 17 UEs, and we don’t see the need to support two variants of the Doppler pre-compensation scheme.
Supporting one Doppler pre-compensation scheme suffices to achieve the gains of Doppler pre-compensation approach
1. Variant B is not supported for QCL assumptions of the Doppler pre-compensation scheme 

Switching between HST-SFN Scheme 1 and SDM Scheme 1a
One issue that is yet to be resolved is whether to support dynamic switching between UE-based HST-SFN Scheme 1 and Rel. 16 SDM Scheme 1a. In our opinion, it suffices to support semi-static RRC-based switching between both schemes, since no clear use case exists for dynamic switching between the two schemes.
1. Dynamic switching between UE-based HST-SFN Scheme 1 and Rel. 16 SDM Scheme 1a is not supported
PDCCH enhancements for multi-TRP SFN deployment
Based on the discussion and conclusions in RAN1#106-e [1], we further discuss issues on RRC signaling for indicated CC set with two activated TCI states by MAC CE, default beam in case of SFN based PDCCH transmission, PDCCH monitoring behavior with multiple QCL-TypeD, SFN transmission for PDCCH monitored by CSS and beam failure recovery mechanism.  
SFN transmission of PDCCH
An agreement was reached in RAN1#106-e, in which a set of serving cells can be configured by RRC with a single MAC CE activation of two TCI states of CORESET with the same CORESET ID for all the BWPs in the indicated CC set. With this feature, MAC signaling overhead and latency of TCI states activation can be reduced for multiple CCs. However, whether to reuse Rel. 16 RRC signaling or introduce new RRC signaling is still left FFS. In Rel. 16, the existing RRC parameter simultaneousTCI-UpdateList1 or simultaneousTCI-UpdateList2 is introduced for TCI state updating for set of CCs. They can be used to realize similar TCI state updating function for SFN based PDCCH transmission. Therefore, in order to reduce the standardization effort, we prefer reusing the existed RRC signaling. Nevertheless, this may introduce an issue related to dealing with TCI state updating for CORESETs that are not configured for SFN scheme in the indicated CC sets. We support to study methods to resolve that issue and clarify the corresponding UE’s behavior with least specification impact.
1. Reuse Rel. 16 RRC parameters to support activating of two TCI states of CORESET with the same CORESET ID for all the BWPs in the indicated CCs set
It has been agreed in RAN1#105-e [3] that enhanced SFN PDCCH transmission scheme (scheme 1 or TRP-based pre-compensation) is identified by the number of TCI states activated per CORESET as well as using RRC parameter(s). In detail, the RRC parameter “sfnSchemePdcch” can be used to configure SFN scheme for PDCCH, which includes scheme 1 (sfnSchemeA) or TRP-based pre-compensation (sfnSchemeB). However, this signaling may be configured per CORESET or per cell or per UE. PDCCH can be monitored in common search space set and UE specific search space set. For PDCCH monitored in common search space set, it may transmit control information for a group of UEs. For CORESET linked with common search space set, e.g., CORESET 0, it is restrictive to enforce SFN transmission for PDCCH from CORESET 0 when SFN transmission is used for PDCCH from other CORESETs. From another view, dynamic switching between single TRP and multiple TRP is supported for SFN based PDSCH. Similarly, it can be supported for PDCCH from single TRP transmission with one activated TCI state or multiple TRP transmission with two activated TCI states on different CORESETs. In that case, PDCCH from single TRP transmission can be used as one fallback transmission mode, which is already used in initial access stage. 
1. Support RRC parameter “sfnSchemePdcch” per CORESET to configure enhanced SFN transmission scheme for PDCCH
In RAN1#106-e, default beam has been determined for the case when there is no TCI field in the DCI scheduling and the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold timeDurationForQCL. However, it is only for PDSCH reception scheduled by DCI format 1_0; for DCI format 1_1 and 1_2, the solution to the problem is still left FFS. For PDSCH scheduled by DCI format 1_1 and 1_2, the TCI field in the scheduling DCI may also be absent. In the last meeting, supporting DCI format 1_1 and 1_2 was left FFS since for the initial discussed method which is based on the TCI codepoints containing two TCI state, and otherwise if there is no TCI codepoint containing two TCI states, the UE will apply the first TCI state of the CORESET when receiving the PDSCH. Some companies showed concerns since the SFN-PDCCH + Single TRP PDSCH transmission combination has not been agreed yet. However, the agreed method is totally different from the initially discussed one which is based on TCI states of the scheduling CORESET. Specifically, if there are two active TCI states for the CORESET, the UE applies both QCL assumption of the scheduling CORESET and otherwise if there is only one active TCI state for the CORESET, the UE applies the one active TCI state of the CORESET when receiving the PDSCH. The agreed method has no issue of SFN-PDCCH + Single TRP PDSCH transmission. Therefore, we don’t see any technical hurdles on supporting default TCI state for PDSCH scheduled by DCI format 1_1 and 1_2. We therefore propose the following
1. Apply same rule for determining default TCI state for PDSCH scheduled by DCI format 1_1 and DCI format 1_2 as PDSCH scheduled by DCI format 1_0, if the time offset between the DL DCI and the corresponding PDSCH is equal or larger than a threshold, and of there is no TCI field in the scheduling DCI
It has been agreed in RAN1#106-e that Rel. 15 prioritization rule for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasions with different QCL-TypeD is supported to be extended in case of CORESET with two activated TCI states. Similar prioritization rule is discussed for PDCCH with repetition in agenda 8.1.2.1, but only one search space set and CORESET are used for SFN based ePDCCH transmission. The principle of priority rule defined in Rel. 15 can be reused here as much as possible, including setting high priority for common search space set. For one search space set, it may be associated with CORESET with two activated TCI states or CORESET with one activated TCI state. When two QCL-TypeD are associated with one CORESET for SFN based ePDCCH transmission, the search space set associated with these two QCL-TypeD should be monitored simultaneously. Two possible solutions can be used here. For the first candidate solution, the same principle as Rel. 15 is reused. In more detail, the search space set with lower search space set ID is monitored between two search space sets with different QCL-TypeD, no matter whether one or two TCI states are associated with these two search space sets. For the second candidate solution, higher priority is assigned for a search space set with two activated TCI states, compared with a search space set with one activated TCI state. For the search space sets with the same activated TCI state(s), high priority is assigned for a search space set with lower search space set ID.  
1. For overlapping monitoring occasions with different QCL-TypeD, high priority is assigned for monitoring a common search space set compared with a UE specific search space set, if the common search space set exists and high priority is assigned for a search space set with lower search space set ID or a search space set associated with two activated TCI states
Based on current specification, if the UE is configured with a CSI-RS resource and a search space set associated with a CORESET 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 'QCL-TypeD', if applicable. For enhanced SFN based transmission, PDCCH can be transmitted with two activated TCI states from both TRPs and TRS can be transmitted with one TCI state from one TRP. The UE may be characterized with an enhanced capability of simultaneously tracking signals with multiple QCL-TypeD assumptions. Thus, QCL Type-D configuration and monitoring/detection schemes need to be further discussed when the UE is configured with search space sets of PDCCH and CSI-RS resources in the same OFDM symbol(s). For example, the UE may expect that QCL-typeD of CSI-RS is the same as one of QCL-typeD of CORESET(s) for enhanced PDCCH transmission when CSI-RS and search space sets associated with the CORESET are configured in the same OFDM symbol(s). 
1. Study QCL Type-D configuration and detection behavior in case of enhanced PDCCH with SFN transmission and CSI-RS in the same OFDM symbol
During email discussion in RAN1#106-e, discussions were made on the application of enhanced SFN transmission with TRP based pre-compensation to CORESETs associated with CSS and PDSCH scheduled by CSS. In our assessment, further study is required for further discussion.  For HST scenario, two TCI states are activated for one CORESET in case of enhanced SFN based PDCCH transmission. After RRC connection, it is possible to use SFN based enhanced transmission scheme for PDCCH monitored in CSS and PDSCH scheduled by PDCCH monitored in CSS since two TCI states can be activated by MAC CE for CORESET #0. With enhanced transmission scheme, it can improve transmission reliability for PDCCH monitored by common search space set. However, it may cause new problems such as determining monitoring occasion for CSS with monitoring SIB, paging, etc., in case of two activated TCI states for CORESET #0, where the monitoring occasion is determined based on the default association between the monitoring occasion and the SSB index according to Rel. 15/16 specification. From another view, the UE decoding complexity can be reduced if only SFN based transmission schemes are used for different CORESETs. Thus, based on discussion on transmission reliability and decoding complexity, we support SFN-based enhanced transmission scheme for PDCCH monitored by CSS during RRC connection.   
1. Support enhanced SFN transmission scheme for PDCCH monitored by common search space set

Beam failure detection and recovery
	Proposal #5-1a: (email discussion)
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
· Down-select one alternative for explicit configuration
· Alt 2-1: Support defining CSI-RS resource or SSB pairs as BFD RS
· FFS other details
· Alt 2-2: Reuse the existing Rel-15/Rel-16 approach for BFD RS configuration
· Note: down-selection can be done separately for Rel-15/16 cell specific BFR and Rel-17 TRP-specific BFR, Rel-17 TRP-specific BFR to be discussed under AI 8.1.2.3
Issue #5-3: (email discussion)
· When two TCI states are activated for a CORESET, NBI RS are configured as follows
· Alt 4-1: Reuse the existing Rel-15 NBI configuration based on single CSI-RS resource
· Alt 4-2: Introduce two new beam identification CSI-RS resource sets or new beam identification CSI-RS resource pairs


[bookmark: _Ref83828721]Table 3: BFD proposals in email discussion in RAN1#106-e
During the email discussion in RAN1 #106-e, it was proposed to down select between the alternatives for RS configuration for BFD for explicit configuration. Also, there is some discussion on new beam identification RS, however no agreement was reached. Detailed information can be found in Table 3. 
For each BWP of a serving cell, the UE assesses the DL link quality of a serving cell based on the RS in a set  of periodic CSI-RSs in order to detect beam failure, where the UE compares the radio link quality in each CSI-RS in  to a radio-link quality threshold Qout_LR, corresponding to a 10% BLER estimate for PDCCH transmission. For SFN-based PDCCH transmission with two activated TCI states, the threshold Qout_LR needs to be re-derived to correspond to SFN-based PDCCH transmission rather than a single-point PDCCH transmission, where two periodic CSI-RSs or SSBs with their TCI states corresponding to SFN based PDCCH transmission may be required for estimating the radio link quality. Thus, pairs of RS/SSB can be configured in set , where each of the two elements in the RS/SSB pair corresponds to one of the two TRPs. From this view, we support Alt.2-1. For Alt. 2-2, only one CSI-RS or SSB is used for hypothetical BLER calculation and hence it does not match SFN PDCCH transmission for HST. Thus, false alarm on beam failure detection may happen. Therefore, we support Alt 2-1. 
1. Support Alt 2-1 with defining CSI-RS resource or SSB pairs for explicit configuration
In RAN1 #106-e, it is agreed that RS of CORESETs with both single and two TCI states are used for implicit configuration. For CORESET with two TCI states, the details of RS determination schemes can be further discussed. In principle, when the UE is not provided the set , the UE can determine the set [image: ] including CSI-RS/SSB pairs with the same TCI states of corresponding CORESETs when aligning the hypothetical BLER based on enhanced SFN transmission. Thus, we support that CSI-RS/SSB pair corresponding to two activated TCI states of the CORESET can be used for implicit configuration. If there are two RS indices in a TCI state of two activated TCI states, the set [image: ] includes RS indices with QCL-TypeD configuration for the corresponding TCI states. Based on the aforementioned discussion, our preference for RS determination in case of implicit configuration are shown as follows
1. Support determining CSI-RS/SSB pairs corresponding with two activated TCI states of the CORESET for implicit configuration
If beam failure is detected, new beam(s) will be identified for beam failure recovery. Here, hypothetical PDCCH transmission for selecting new beam(s) may be based on conventional PDCCH transmission or PDCCH with SFN transmission. If so, one or two new beam(s) may be identified for later PDSCH/PDCCH transmission, respectively. This issue has been fairly discussed during the proceedings of the RAN1 #106-e meeting, and two alternatives, i.e., Alt 4-1 and Alt 4-2, on new beam identification RS were proposed, as shown in Table 3. In our view, if two new beams can be identified and used, the transmission reliability for later PDCCH/PDSCH with SFN-based transmission would improve. Although this requires some specification effort, that effort can be shared with standardizing Rel. 17 TRP-specific BFR mechanism. In order to support identifying two new beams, two possible solutions can be considered. For the first scheme, two resource sets of [image: ]are configured with one set for the new beam identifying one TRP. For the second scheme, a new beam identification resource pair can be used to identify new beams from multiple TRPs, where the new beam identification resource pair can be a CSI-RS resource pair, SSB resource pair. Based on the discussion, our preference is shown as follows
1. Support Alt 4-2 for configuration of NBI RS with introducing two new beam identification CSI-RS resource sets or new beam identification CSI-RS resource pairs
For BFR, we would like to note that BFR enhancements are proposed based on SFN based PDCCH transmission with HST scenario, which can be used in cases of PCell/PSCell beam failure and/or Scell beam failure. Thus, it can be specified based on extension of PCell/PScell beam failure mechanism defined in Rel. 15 and Scell beam failure mechanism defined in Rel. 16. The related discussion can be given high priority in this section. For per-TRP based beam failure mechanism, it is specified in Rel. 17 for early beam failure detection for each TRP. Enhanced beam failure mechanism and per-TRP based beam failure mechanism can be configured to be used with different targets and different scenarios. The discussion on details of per-TRP based beam failure mechanism are still ongoing in AI 8.1.2.3. Thus, the detailed relation between the proposed BFR mechanism and per-TRP based beam failure mechanism can be further discussed in AI 8.1.2.3.
1. Support BFR enhancements applicable at least to Rel. 15 and Rel. 16 BFR
Conclusion
This contribution addressed HST-SFN enhancements for NR Rel. 17. We have the following observations:
1. Configuring a UE to supporting SFN scheme for PDCCH and single-TRP scheme for PDSCH is not well motivated
1. The proposed version of the Doppler pre-compensation scheme with TRP-specific TRS transmission is compatible with Variant A of the QCL assumptions
1. Supporting one Doppler pre-compensation scheme suffices to achieve the gains of Doppler pre-compensation approach
Based on the observations above, we have reached the following conclusions:
1. Do not support the following scheme combinations in Rel. 17:
· Rel-17 Scheme 1 PDCCH + Single-TRP PDSCH
· Rel-17 TRP-based pre-compensation PDCCH + Single-TRP PDSCH
1. Variant B is not supported for QCL assumptions of the Doppler pre-compensation scheme
1. Dynamic switching between UE-based HST-SFN Scheme 1 and Rel. 16 SDM Scheme 1a is not supported
1. Reuse Rel. 16 RRC parameters to support activating of two TCI states of CORESET with the same CORESET ID for all the BWPs in the indicated CCs set
1. Support RRC parameter “sfnSchemePdcch” per CORESET to configure enhanced SFN transmission scheme for PDCCH
1. Apply same rule for determining default TCI state for PDSCH scheduled by DCI format 1_1 and DCI format 1_2 as PDSCH scheduled by DCI format 1_0, if the time offset between the DL DCI and the corresponding PDSCH is equal or larger than a threshold, and of there is no TCI field in the scheduling DCI
1. For overlapping monitoring occasions with different QCL-TypeD, high priority is assigned for monitoring a common search space set compared with a UE specific search space set, if the common search space set exists and high priority is assigned for a search space set with lower search space set ID or a search space set associated with two activated TCI states
1. Study QCL Type-D configuration and detection behavior in case of enhanced PDCCH with SFN transmission and CSI-RS in the same OFDM symbol
1. Support enhanced SFN transmission scheme for PDCCH monitored by common search space set
1. Support Alt 2-1 with defining CSI-RS resource or SSB pairs for explicit configuration
1. Support determining CSI-RS/SSB pairs corresponding with two activated TCI states of the CORESET for implicit configuration
1. Support Alt 4-2 for configuration of NBI RS with introducing two new beam identification CSI-RS resource sets or new beam identification CSI-RS resource pairs
1. Support BFR enhancements applicable at least to Rel. 15 and Rel. 16 BFR
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