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Introduction
In RAN1#105-e, a few agreements were made for HST-SFN deployment enhancements to help down select the supported schemes and identify the corresponding QCL assumptions associated with these schemes, as well as means of switching between the HST-SFN schemes with each other as well as with legacy schemes. 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, using either UL RS-based Doppler pre-compensation as well as UE-based Doppler shift feedback. Additionally, PDCCH enhancements for multi-TRP SFN scenarios are discussed.
HST-SFN Deployment
In RAN1#105-e [1], the following agreements were made for HST-SFN deployment, as well as for PDCCH enhancements under SFN transmission, as follows
	Agreement
Confirm the following working assumption from RAN1#104b-e:
All QCL source RS resource types as defined in TCI state for Rel-16 multi-TRP are supported for scheme 1.

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

Agreement
For specification based TRP-based frequency offset pre-compensation scheme
· Support dynamic (DCI -based) switching with single-TRP scheme by TCI state field in DCI format 1_1/1_2 
· This feature is UE optional
· UE is not expected to be indicated by MAC CE with single TCI state per any of TCI codepoint , if UE is configured with TRP-based frequency PDSCH by RRC , but not capable to support dynamic switching between TRP-based frequency and single-TRP by TCI state field in DCI Format 1_1/1_2
· Support semi-static (RRC based) switching with Rel-16 schemes 1a, 2a, 2b, 3, 4
· Support semi-static (RRC based) switching with Rel-17 scheme 1 (PDSCH)

Agreement
Enhanced MAC CE signaling is not applicable to any of the configured CORESETs in a BWP if the CORESETs are configured with different CORESETPoolindex values in the BWP.

Working Assumption
For TRP-based pre-compensation, Variant A (based on RAN1#103-e meeting agreement) are supported as QCL types/assumption, when the same DMRS port(s) are associated with two TCI states.
· FFS: Additional support of Variant B

Agreement
· For TRP-based pre-compensation QCL assumptions is provided to the UE by using the existing QCL type(s) with certain QCL parameters dropped from the indicted QCL type 
· FFS rule or signalling to determine which TCI state with dropped QCL parameters
· UE does not expect to be configured different SFN schemes (scheme 1 or TRP pre-compensation) for both PDCCH and PDSCH. 
· FFS whether this restriction is per UE or per CC
· UE does not expect to be configured different SFN schemes (scheme 1 or TRP pre-compensation) for different CORESETs. 
· FFS whether this restriction is per UE or per CC

Agreement
Enhanced SFN PDCCH transmission scheme (scheme 1 or TRP-based pre-compensation) is identified by the number of TCI states activated per CORESET and RRC parameter
· FFS: Configuration detail of RRC parameter 
· Including whether the same RRC parameter is used for PDCCH and PDSCH

Agreement
If enhanced SFN PDCCH transmission scheme (scheme 1 or TRP -based pre-compensation) is configured and a CORESET is activated with two TCI states and UE is configured with enableTwoDefaultTCI-States and time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, down-select rule to determine default beam(s) for Rel-17 SFN PDSCH reception in RAN1#106-e:
· Alt 1: Reuse rule to determine TCI states as defined for Rel-16 PDSCH scheme-1a
· Alt 2: Introduce new rules to determine TCI states based on two TCI state(s) of the CORESET 

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
· Down-select one alternative for implicit configuration
· Alt 1-2: RS of CORESETs with both single and two TCI states are used
· Alt 1-3: RS of CORESETs with only two TCI states are used
· 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



Doppler pre-compensation scheme
In RAN1#105-e, it was concluded that a network-based Doppler pre-compensation solution would be supported for Rel. 17, where the Doppler pre-compensation is based on either an uplink RS, e.g., SRS, or a downlink RS, e.g., TRS, which implies that the UE would report the Doppler shift value(s). 
UL RS-based Pre-compensation
In Table 1, we propose a version of the Doppler pre-compensation scheme, 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], and hence this proposed version is compatible with Variant A of the QCL assumptions. 
The proposed version of the Doppler pre-compensation scheme with TRP-specific TRS transmission is compatible with Variant A of the QCL assumptions
Also, it was agreed in RAN1#105-e that Variant A of the QCL assumptions would be supported via dropping a subset of the QCL large-scale fading properties, namely ‘Doppler shift’ and ‘Doppler spread’ from QCL type-A. However, the means of identifying whether/how the aforementioned QCL large-scale fading properties are dropped is yet to be decided. One way this can be done implicitly, i.e., without introducing explicit signaling, is via associating the dropping of the QCL large-scale fading properties with the higher-layer parameter configuring the UE with network-based HST-SFN transmission. Note that it was agreed in RAN1#105-e [1] that if either one of the PDSCH and PDCCH transmissions, e.g., PDCCH, is based on a HST Scheme, the other physical downlink channel, e.g., PDSCH, must follow the same HST scheme for PDSCH transmission. Given that, a UE configured with either PDSCH or PDCCH transmission with Doppler pre-compensation scheme and configured with a TCI codepoint with two ‘QCL-typeA’ TCI states would imply dropping the ‘Doppler shift’ and ‘Doppler spread’ large-scale fading properties from one of the two TCI states. 
1. Dropping ‘Doppler shift’ and ‘Doppler spread’ properties from QCL corresponding to one of the two TCI states of a codepoint is implied from the higher-layer parameter configuring the UE with Doppler pre-compensation scheme

[bookmark: _Ref71237943][bookmark: _Ref79147054][image: ] Figure 1. HST deployment with a series of RRHs along the railway
Under the setup above, the Doppler shift and Doppler spread are dropped for one of the two TCI states with ‘QCL-typeA’. However, the TCI state for which the Doppler properties are dropped depends on the reference TRS whose frequency (as received at the UE) is used as a reference for transmit frequency. For instance, one network implementation may imply that the TRP corresponding to the TRS with lower RSRP/SINR pre-compensates its carrier frequency with respect to the frequency of the TRP corresponding to the TRS with higher RSRP/SINR.  Figure 1 provides some emphasis on this motivation, as follows. When the UE moves more than halfway past RRH1 towards RRH2, the received DMRS/PDSCH power from RRH2 would dominate that of the DMRS/PDSCH of RRH1, and hence it is more convenient that DMRS/PDSCH from RRH1 is transmitted without induced frequency offset, so that errors in offset frequency estimation are less impactful. Beside reducing the impact of frequency pre-compensation, this also would facilitate the switching from the pre-compensation scheme to single-TRP scheme. However, given the train trajectory through the railway, a few seconds later the DMRS/PDSCH transmission from RRH3 would dominate that of RRH2, and hence RRH2 should pre-compensate its transmission frequency to that of RRH2 and so on. In order to enable the UE to robustly communicate with different TRPs with varying power profiles, the indication of the reference TRP (corresponding to the uncompensated DMRS/PDSCH transmission) and the secondary TRP (corresponding to the frequency-compensated DMRS/PDSCH transmission) should be indicated without ambiguity. 
Applying the offset frequency pre-compensation to the transmitted signal from the TRP with lower RSRP/SINR can further improve the Doppler pre-compensation scheme robustness
Indication of the dominant TRP corresponding to higher DMRS/PDSCH received power (or SINR) to the UE is needed for the Doppler pre-compensation scheme
One way to convey this information without introducing additional signaling is via reusing the spatial relation information field in the SRS configuration, in which the TRS ID corresponding to the reference TRP would be indicated in the spatialRelationInfo in SRS configuration. In case of DL RS-based Doppler estimation with explicit Doppler reporting, the UE can report one bit as part of the CSI report that indicates which indicates the dominant TRP, i.e., TRP whose TRS is received with higher power.
1. The TRP that applies frequency pre-compensation to DMRS/PDSCH transmission should be identified to the UE without ambiguity 


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-rated 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. 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) should be transmitted from different TRPs (in SFN manner). One advantage of the non-backward compatible scheme over the backward compatible scheme is that is that it shares the same TRS transmission mechanism as that of Scheme 1, leading to facilitating the switching between both schemes. In our opinion, switching between the pre-compensation scheme and HST Scheme 1 may be necessary, for instance the switching from pre-compensation scheme to HST Scheme 1 can be heplful in case the network has exhausted the SRS resources, whereas switching from HST Scheme 1 to 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 2 with two TRSs transmitted in TRP-specific manner to support Rel. 17 UEs.
1. Support Doppler pre-compensation scheme with two TRSs transmitted in TRP-specific manner to support Rel. 17 UEs 

UE-based Doppler shift feedback
Based on the agreement in RAN1#104bis-e [3], companies are expected to down select for pre-compensation scheme between uplink RS-based Doppler estimation, e.g., with SRS, and downlink RS-based Doppler estimation, e.g., with TRS. In RAN1#105-e [1], a decision was made to support the uplink RS-based Doppler pre-compensation scheme, however no consensus was reached for the Doppler-reporting scheme. Note that the latter approach would require the UE to report one or more Doppler shift values as part of uplink feedback to the network, e.g., as part of a CSI report. Under uplink RS-based Doppler pre-compensation, UE-based Doppler estimation requires explicit Doppler reporting. Note that the UE may report Doppler shift values based on TRSs from both TRPs, i.e., fd1, fd2, or alternatively report a difference of the two Doppler shift values, e.g., report ∆fr = fd1 - fd2. 
Under UE-based Doppler reporting for Doppler pre-compensation, a UE can report the difference of the Doppler shift values ∆fr ≜ fd1 - fd2 estimated from the transmitted TRSs
Also, note that downlink RS-based Doppler estimation requires that the TRSs are transmitted in a TRP-specific manner, similar to the pre-compensation schemes above. The outline of such scheme is provided in Table 3 below, 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 estimates fr1≜ fc+fd1 and fr2≜ fc+fd2 from TRS0 and TRS1, respectively
· UE reports ∆fr ≜fr1 - fr2 as part of a CSI Report
Step 3:
· A centralized node, e.g., gNB receives the CSI report including the quantity ∆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: _Ref79148011] Table 3. Pre-compensation Scheme with Doppler reporting for HST-SFN
Similar to implicit Doppler estimation based on SRS, Doppler reporting can also help overcome the issue of offset frequency due to Doppler (or other sources). However, one major concern regarding the support of explicit Doppler reporting is the specification impact, which can include introducing new CSI report quantities, discussing the supporting CSI reporting time-domain behaviors, as well as UCI design for CSI reporting. Moreover, it is not clear whether/how Doppler feedback within CSI report can be discussed in parallel with CSI framework design for HST-SFN scheme. Given the limited number of TUs remaining for this agenda item, there is a risk of running out of time before finalizing the details of the pre-compensation scheme in Rel. 17, which may lead to incomplete specification of the Doppler pre-compensation scheme and hence would not be implemented. In light of that, we prefer uplink-based Doppler estimation (using SRS) over downlink-based Doppler estimation. 

It was argued that UE-based Doppler shift feedback can improve performance in FDD mode, since Doppler reciprocity between UL and DL may not hold, i.e., the Doppler shift/spread estimates based on UL and DL RSs may be mismatched. In Table 4, we provide a modified pre-compensation scheme that is robust to asymmetric UL/DL carrier frequency in FDD mode, shown below

	Step 1: (Network side)
TRS1 and TRS2 both transmitted at DL carrier frequency 

Step 2: (UE side)
TRS1 received at , where  is the DL Doppler shift from TRP1
TRS2 received at , where  is the DL Doppler shift from TRP2
 
Step 3: (UE side)
SRS transmitted: , 
·  is the Duplexing distance between UL and DL carrier frequencies
·  is the UL carrier frequency

Step 4: (Network side)
SRS received at:  and 
· UL Doppler values:  and 

Step 5: (Network side)
gNB processing: 

Step 6: (Network side)
DMRS1 transmitted at , DMRS2 transmitted at 

Step 7: (UE side)
UE receives both DMRS1 and DMRS2 at 


[bookmark: _Ref79148215]Table 4. UL RS-based Doppler pre-compensation scheme for FDD systems

Based on the algorithm above, the UL RS-based Doppler pre-compensation scheme can provide robust performance for a system with arbitrary duplexing distance between UL and DL carrier frequencies. Hence, we do not see clear motivation to support Doppler feedback-based schemes for HST scenarios
UL RS-based Doppler pre-compensation can operate efficiently under FDD systems, without ambiguity in the estimated frequency shift for Doppler pre-compensation
1. Do not support Doppler feedback-based schemes for Rel. 17 HST-SFN
PDCCH enhancements for multi-TRP SFN deployment
Based on the discussion in RAN1#104bis-e [3] and RAN1#105-e [1], we further discuss issues that were left for further study on MAC CE activation signaling, default TCI for PDSCH and aperiodic CSI-RS, default spatial relation for PUCCH/SRS/PUSCH, PDCCH monitoring behavior with multiple QCL-TypeD, and beam failure recovery mechanism.  
SFN transmission of PDCCH
An agreement was made in RAN1#104bis-e meeting on MAC CE activation of two TCI states for PDCCH. However, additionally supporting RRC configured set of the serving cells with a single MAC CE activation for CA scenario is still left FFS. From our view, same transmission beams may be used for a set of CCs for some CA deployment scenarios, e.g., intra-band CA cases. With an RRC configured set of serving cells, a single MAC CE can activate PDCCH with two TCI states for this set of the serving cells. It can reduce MAC signaling overhead and latency of TCI states activation for multiple CCs. Furthermore, a similar feature is also supported in Rel. 16 for PDSCH transmission with multiple TRPs. Thus, we believe it can be supported as an optional enhanced feature.
1. For SFN-based PDCCH transmission, support activating two TCI states by a single MAC CE simultaneously for a set of the serving cells by optional RRC signaling
It has been agreed in RAN1#105-e 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). However, the configuration details of the RRC parameter(s) are still left FFS. For enhanced SFN PDCCH transmission scheme, 2 TCI states need being activated to support PDCCH transmission from 2 TRPs and thus TCI states number can be used implicitly for identifying enhanced SFN PDCCH transmission. For two enhanced SFN transmission schemes (scheme 1 or TRP-based pre-compensation), it is already agreed that semi-static (RRC based) switching is supported for PDSCH. With the same principle for PDSCH, similar RRC signaling can be used for indicating enhanced SFN PDCCH transmission scheme. Since it was agreed that the same enhanced SFN scheme must be activated for both PDCCH and PDSCH, we support a common RRC parameter to indicate scheme 1 or TRP-based pre-compensation for both enhanced SFN based PDCCH and PDSCH transmission so as to reduce the RRC signaling overhead.
1. Use 2 activated TCI states per CORESET for implicitly identifying enhanced SFN PDCCH transmission schemes
1. Configure the common RRC parameter to differentiate scheme 1 or TRP-based pre-compensation for both enhanced SFN based PDCCH and PDSCH transmission
The issue of determining the default beam(s) for PDSCH reception when the CORESET with the lowest ControlResourceSetId has been extensively discussed in the last two meetings, however no consensus has been reached. When the time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold, and a UE only supports one default beam for PDSCH reception, one TCI state for PDSCH reception needs to be determined. Four methods were discussed in the last meeting. For method 1, limiting the lowest CORESET ID in the latest slot with only one configured TCI state will heavily limit the gNB’s flexibility, since there are only three CORESETs configured in a BWP for single DCI based UL transmission, and the CORESET with a lowest CORESET ID in the latest slot could be any CORESET. For method 4, the TCI state determination rule is not fixed, and hence the TCI state may be either the first or the second. We do not prefer this approach, since the UE would support only one default beam, which would not be commonly determined by both the gNB and the UE. Therefore, we propose: 
1. If the CORESET with the lowest ControlResourceSetId in the latest slot is activated with two TCI states, and the UE is not configured with enableTwoDefaultTCI-States, the following methods are supported:
7. Alt 1-2: Modify the definition of the lowest CORESET ID in the latest slot, e.g., the lowest CORESET ID among the CORESETs associated with one TCI state in the latest slot
7. Alt 1-3: QCL assumption associated with one of TCI states is always based on the first or the second TCI state or the TCI state with a lower ID
If a DCI format does not have the TCI field and if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold, the TCI state(s) for PDSCH reception also needs to be resolved. We support Alt 1 as discussed in last meeting. If a UE has the ability of receiving a PDSCH with different TCI states containing 'QCL-TypeD' simultaneously, the UE applies the QCL assumption of the CORESET that schedules the PDSCH when receiving the PDSCH. Otherwise, if a UE could not receive a PDSCH with different TCI states containing 'QCL-TypeD' simultaneously, the UE would assume the PDSCH transmitted from a single TRP and the PDSCH beam follows one of the TCI states of the CORESET scheduling DCI by the same method as the default beam for PDSCH when the time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold.
1. Support Alt 1. The QCL assumption of a PDSCH needs to be determined if there is no TCI field in the scheduling DCI and the scheduling offset is larger than or equal to a threshold and the scheduling CORESET is activated with two TCI states
If the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources is smaller than a threshold and there is no other DL signal with an indicated TCI state in the same symbols as the CSI-RS, when the CORESET with the lowest ControlResourceSetId the UE monitored in the latest slot is activated with two TCI states, the TCI state of aperiodic CSI-RS also needs to be determined. The UE may apply one TCI state of the CORESET for the CSI-RS reception with a same rule as the default PDSCH reception.  However, it is better to remove “not configured enableTwoDefaultTCIStates” when determining the default beam for AP CSI-RS reception, since this parameter is for PDSCH transmission and in Rel. 16 it is also not appliable to AP CSI-RS. Therefore, we propose:
1. If a CORESET is indicated with two TCI states, and the scheduling offset for AP CSI-RS is less than the threshold and if there is no other overlapping DL signal: 
9. Use one of two TCI states as default beam for aperiodic CSI-RS reception using the same principles as for default TCI state for Rel. 15 single TRP PDSCH case
[bookmark: OLE_LINK7]Default spatial relation and default PL-RS for SRS and dedicated PUCCH for the case when no spatialRelationInfo and pathlossReferenceRS are configured, as well as the default spatial relation and PL-RS for the PUSCH scheduled by DCI format 0_0, are specified in Rel. 16. When default spatial and PL-RS are enabled and  a CORESET is configured, default spatial relation for dedicated-PUCCH/SRS/PUSCH scheduled by DCI format 0_0 for a CC is determined by TCI state of the CORESET with the lowest ID and the PL RS to be used is the QCL-TypeD RS of the same TCI state of the CORESET with the lowest ID. In E-PDCCH scenario, when the CORESET with the lowest ID is activated with two TCI states, one of the two TCI states needs to be determined so that a gNB and a UE could both coherently determine the default spatial relation and default PL-RS for UL channel/signals. The rule could be the same as in determination of the default TCI state for PDSCH/AP CSI-RS.
1. [bookmark: _Hlk60661908]The default spatial relation and PL-RS for dedicated-PUCCH/SRS/PUSCH scheduled by DCI format 0_0 needs to be determined if the CORESET with the lowest ControlResourceSetId is activated with two TCI states 
During the email discussion in RAN1#105-e [1], priority rules were discussed for PDCCH monitoring of PDCCH candidates in overlapping monitoring occasion with different QCL-TypeD when the CORESET is indicated with two TCI states. In Rel. 15/16, if the PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORERSETs have different QCL-TypeD, the 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 the SS set with lower index has higher priority. This principle can be reused in general even when a CORESET can be activated with two TCI states. One clarifying point is whether the priority is used only with CORESETs with same TCI state number. From our view, we think this restriction is not necessary and the priority rule can be used for all CORESETs with one or two TCI states. If high priority is desirable for CORESETs with two TCI states, the smaller search space set ID can be configured for corresponding search space set by the gNB’s configuration.    
1. Reuse the priority rule defined in Rel. 15 that CSS has higher priority than USS and the SS set with lower index has higher priority
1. For PDCCH monitoring with different QCL-TypeD, support prioritization rule(s) that considers CORESETs indicated with the same and different number of 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 'QCL-TypeD' is 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. UE may have the enhanced capability for receiving with multiple QCL-TypeD simultaneously. 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 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
For HST scenario, two TCI states are activated for enhanced PDCCH transmission. However, there is no detailed discussion on whether enhanced PDCCH can be UE specific PDCCH or common PDCCH, e.g., SIB, paging. After RRC connection, it is possible to use common PDCCH transmitted with SFN based enhanced scheme since two TCI states can be activated by MAC CE for CORESET #0. It can provide reliability improvement for common PDCCH but may cause some problems such as determining monitoring occasion, where the monitoring occasion is determined based on the default association between the monitoring occasion and the SSB index. Thus, we can discuss/clarify whether SFN based enhanced transmission scheme can be used for common PDCCH transmission during RRC connection.   
1. Clarify whether enhanced SFN transmission scheme can be used for common PDCCH, e.g., SIB, paging, etc. during RRC connection

Beam failure detection and recovery
	Proposal #4-1:
· When two TCI states are activated for a CORESET, support the following configuration of RS for BFD
· Down-select one alternative for implicit configuration 
· Alt 1-2: RS of CORESETs with both single and two TCI states are used
· Alt 1-3: RS of CORESETs with only two TCI states are used
· 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
Proposal #4-2:
· When two TCI states are activated for a CORESET, hypothetical BLER for BFD calculated as follows
· Alt 3-2: UE calculates hypothetical BLER using BFD RS pairs assuming SFN transmission for multiple-TRPs


[bookmark: _Ref79160504]Table 5: BFD proposals in email discussion in RAN1#105-e
During the email discussion in RAN1 #105-e [1], it was proposed to down select between the alternatives for RS configuration for BFD for implicit and explicit configuration, respectively. Also, there is some discussion on UE assumption for hypothetical BLER calculation, however no agreement was reached. The detailed information is shown in Table 5. 
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 on account of possible better performance with SFN PDCCH transmission. When the UE is not provided the set , the UE determines the set [image: ] including RS/SSB pairs with the same TCI states of respective CORESETs the UE uses for monitoring PDCCH with SFN based transmission. Thus, we support that the RS of CORESET with two TCI states can be used for implicit configuration. With flexible configuration, the UE can be configured with other CORESET with single TCI state. Thus, RS of CORESET with single TCI state can be also used for implicit configuration since beam failure occurs when PDCCHs from all CORESETs cannot be detected reliably. Considering these two aspects, we support Alt 1-2. Based on the discussion, our preferences are shown as follows
1. Support Alt 1-2 for configuration of RS for BFD: RS of CORESETs with both single TCI state in case of one activated TCI state for one CORESET and two TCI states in case of two activated TCI states for implicit configuration
1. Support Alt 2-1 with defining CSI-RS resource or SSB pairs for explicit configuration
1. Support Alt 3-2 for assumptions on the hypothetical BLER calculation for PDCCH, where the UE calculates one hypothetical BLER under SFN assumption of BFD RS pairs
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. These related issues can be further discussed and clarified. Note here that the two identified new beams can be used for SFN-based PDCCH/PDSCH transmission to improve transmission reliability, although this requires some specification effort. In our view, some specification 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 enhancements, they are proposed based on SFN based PDCCH transmission with HST scenario. It 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 above 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. The proposed version of the Doppler pre-compensation scheme with TRP-specific TRS transmission is compatible with Variant A of the QCL assumptions
1. Applying the offset frequency pre-compensation to the transmitted signal from the TRP with lower RSRP/SINR can further improve the Doppler pre-compensation scheme robustness
1. Indication of the dominant TRP corresponding to higher DMRS/PDSCH received power (or SINR) to the UE is needed for the Doppler pre-compensation scheme
1. Under UE-based Doppler reporting for Doppler pre-compensation, a UE can report the difference of the Doppler shift values ∆fr ≜ fd1 - fd2 estimated from the transmitted TRSs
1. UL RS-based Doppler pre-compensation can operate efficiently under FDD systems, without ambiguity in the estimated frequency shift for Doppler pre-compensation
Based on the observations above, we have reached the following conclusions:
1. Dropping ‘Doppler shift’ and ‘Doppler spread’ properties from QCL corresponding to one of the two TCI states of a codepoint is implied from the higher-layer parameter configuring the UE with Doppler pre-compensation scheme
1. The TRP that applies frequency pre-compensation to DMRS/PDSCH transmission should be identified to the UE without ambiguity
1. Support Doppler pre-compensation scheme with two TRSs transmitted in TRP-specific manner to support Rel. 17 UEs
1. Do not support Doppler feedback-based schemes for Rel. 17 HST-SFN
1. For SFN-based PDCCH transmission, support activating two TCI states by a single MAC CE simultaneously for a set of the serving cells by optional RRC signaling
1. Use 2 activated TCI states per CORESET for implicitly identifying enhanced SFN PDCCH transmission schemes
1. Configure the common RRC parameter to differentiate scheme 1 or TRP-based pre-compensation for both enhanced SFN based PDCCH and PDSCH transmission
1. If the CORESET with the lowest ControlResourceSetId in the latest slot is activated with two TCI states, and the UE is not configured with enableTwoDefaultTCI-States, the following methods are supported:
· Alt 1-2: Modify the definition of the lowest CORESET ID in the latest slot, e.g., the lowest CORESET ID among the CORESETs associated with one TCI state in the latest slot
· Alt 1-3: QCL assumption associated with one of TCI states is always based on the first or the second TCI state or the TCI state with a lower ID
1. Support Alt 1. The QCL assumption of a PDSCH needs to be determined if there is no TCI field in the scheduling DCI and the scheduling offset is larger than or equal to a threshold and the scheduling CORESET is activated with two TCI states
1. If a CORESET is indicated with two TCI states, and the scheduling offset for AP CSI-RS is less than the threshold and if there is no other overlapping DL signal:
· Use one of two TCI states as default beam for aperiodic CSI-RS reception using the same principles as for default TCI state for Rel. 15 single TRP PDSCH case
1. The default spatial relation and PL-RS for dedicated-PUCCH/SRS/PUSCH scheduled by DCI format 0_0 needs to be determined if the CORESET with the lowest ControlResourceSetId is activated with two TCI states
1. Reuse the priority rule defined in Rel. 15 that CSS has higher priority than USS and the SS set with lower index has higher priority
1. For PDCCH monitoring with different QCL-TypeD, support prioritization rule(s) that considers CORESETs indicated with the same and different number of 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. Clarify whether enhanced SFN transmission scheme can be used for common PDCCH, e.g., SIB, paging, etc. during RRC connection
1. Support Alt 1-2 for configuration of RS for BFD: RS of CORESETs with both single TCI state in case of one activated TCI state for one CORESET and two TCI states in case of two activated TCI states for implicit configuration
1. Support Alt 2-1 with defining CSI-RS resource or SSB pairs for explicit configuration
1. Support Alt 3-2 for assumptions on the hypothetical BLER calculation for PDCCH, where the UE calculates one hypothetical BLER under SFN assumption of BFD RS pairs
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 above BFR enhancements applicable at least to Rel. 15 and Rel. 16 BFR
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