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1	Introduction
In RAN1#104e, the following agreements were reached on enhancements for HST-SFN [1]. 
Agreement
Scheme 1 is supported in Rel-17
· TRS is transmitted in TRP-specific / non-SFN manner
· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner
· FFS other details
 
Agreement
For scheme 1 and SFN transmission of PDCCH support Variant E for QCL assumption in TCI state when TRS is used as source RS
 Agreement
Two TCI states are supported for scheme 1 in FR2
Agreement
· Support MAC CE activation of two TCI states for PDCCH
· FFS other details
Conclusion
The decision on support of specification based TRP pre-compensation scheme for HST-SFN scenario to be made in RAN1#104-e-bis meeting. To facilitate RAN1 decision, companies are encouraged to provide evaluation results according to the agreed evaluation assumptions. The evaluations not compliant with agreed assumptions will not be considered by RAN1 in the decision process.
Agreement
For HST-SFN scenario:
· Support semi-static (RRC based) switching of scheme 1 (PDSCH) with 2a, 2b, 3, 4
· FFS all other details including RRC signaling, possible RAN4 impact (if any), etc.

In this contribution, we provide some further evaluation results and discuss our views on the various schemes and options. 
[bookmark: _Ref178064866]2	Discussion
2.1 Scheme 1 Based SFN Solution
2.1.1 Dynamic Switch Between SFNed and Single TRP Transmission
In the last RAN1 meeting, it was agreed that Scheme 1 based SFN is to be configured by RRC. One remaining issue was whether dynamically switching between Scheme 1 and single TRP PDSCH transmission is supported. The main argument by the opposing companies was that it would increase UE implementation complexity.  
Even Scheme 1 based SFN is configured, system information and paging information still need to be transmitted from single TRP because these common signaling must be transmitted in a manner that all UE in the network can correctly decode the message, including UEs that don’t support SFN transmission and UEs who’s capability  are unknown to the gNB.  
Moreover, in a practical HST SFN deployment, the PDCCH transmission is not necessarily to be SFNed.  If PDCCH is not transmitted in SFN manner, each of the CORESETs, which is also used as the default TCI state for PDSCH, is then associated with a single TCI state. When the offset between the reception of a DL DCI and the corresponding PDSCH is less than a threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. The default TCI state for the PDSCH would not work if UE doesn’t support dynamic switch between S-TRP and SFN transmission for PDSCH. 
Dynamic switching between PDSCH transmission to single and multiple TRPs is already supported in Rel-16 M-TRP transmission with single DCI. For PDSCH transmission, up to 8 TCI states or pair of TCI states may be activated and a UE may be dynamically indicated by a TCI codepoint in DCI one or two of the activated TCI states for PDSCH reception. The UE shall use the TCI-State according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location.  We fail to see the merit of UE implementation complexity argument for not supporting dynamic switching between single TRP and Scheme 1 based SFN.  
Furthermore, as there could be other areas that may be impacted by not supporting single TRP transmission and may somehow be overlooked by this group, the consequence of not supporting dynamic switch can be serious. 
Therefore, similar to Rel-16 m-TRP, dynamic indication of one or two activated TCI should be supported also for SFN scenario in Rel-17. 
[bookmark: _Toc68633209]Dynamic switching between s-TRP and SFNed transmission shall be supported.
2.1.2 PDCCH SFN related issues
2.1.2.1 Default Beam
An agreement reached on last meeting is to support MAC CE activation of two TCI states for PDCCH
 Agreement
· Support MAC CE activation of two TCI states for PDCCH
· FFS other details

When two TCI states are activated for a CORESET and the CORESET has  the lowest CORESET ID among CORESETs in a slot monitored by a UE,  one question is how to define the default TCI state(s) for a PDSCH when the time offset between the reception of a DL DCI in the slot scheduling the PDSCH and the PDSCH is less than the threshold timeDurationForQCL. There are two possible options, i.e.,

· Option 1: only one of the two activated TCI states for the CORESET is used as the default TCI state for the PDSCH (e.g., either specified or indicated in the activation MAC CE)
· Option 2: both the two activated TCI states for the COREST are used as the default TCI states for the PDSCH if it is supported by a UE

Note that default TCI state is also used for UL power control when pathloss RS is not configured or in link monitoring when link monitoring RS is not configured. In these cases, only one DL RS is needed. Therefore, Option 1 seems to be preferred. 

[bookmark: _Toc61892559][bookmark: _Toc68633210]For a CORESET activated with two TCI states, one of the two activated TCI states is used as the default TCI state, FFS whether the one is specified or indicated in a MAC CE activating the TCI states.  
2.1.2.2 BFD Resource
When a CORESET is activated with two TCI states, an open question is which TCI state the UE should use for determining the BFD-RS.  Note that the SFN scheme is essentially a single-DCI based multi-TRP scheme since the same DCI is transmitted from two TRPs in SFN fashion.  If implicit per-TRP BFD-RS configuration is not supported for single-DCI based multi-TRP in Rel-17, then there will be only a single BFD-RS set.  A simple solution is to let the UE assume that the reference signals used as QCL sources (if each TCI state contains two reference signal, the UE will utilize the QCL-TypeD RS) in the two activated TCI states for the CORESET can be used as BFD-RSs in the single BFD-RS set.  As shown in the example of Figure 1,  the QCL source reference signal with CSI-RS resource IDx (or SSB IDx) corresponding to the 1st activated TCI state and QCL source reference signal with CSI-RS resource IDy (or SSB IDy) corresponding to the 2nd activated TCI state shall be included by the UE in the beam failure detection resource set .   
[bookmark: _Toc68486084][bookmark: _Toc68633211]When two TCI states are activated for a CORESET, support inclusion of reference signals used as QCL sources in the two activated TCI states as BFD-RSs in the single BFD-RS set . If the activated TCI states contains two reference signals, the UE will use the reference signals configured with QCL-TypeD
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[bookmark: _Ref61725175]Figure 1.  An example of BFD resource determination with single BFD resource set when CORESET is configured for SFN-based PDCCH diversity


2.2 gNB Pre-compensation Solution
2.2.1 Additional Evaluation Results for FR1
In the last RAN1 meeting, we presented our evaluation results with fixed MCS for legacy UE transparent SFN, DPS, and SFN with Doppler pre-compensation. In this section, we present some evaluation results with adaptive MCS for both DPS and SFN with Doppler pre-compensation.  The evaluations were done with a carrier frequency of 2 GHz, a DMRS configuration of ‘1+2 additional’, 64-QAM table, rank 1 transmission and a UE velocity of 500 km/h. Other details of simulation setup and assumptions can be found in the Appendix. 
In the case of SFN transmission with Doppler pre-compensation, CSI-RS are transmitted in an SFN manner so that the UE can measure a channel equivalent to the one experienced by the PDSCH, which is also transmitted in an SFN manner, and report a suitable PMI and CQI.  CSI-RS are also Doppler pre-compensated in the same way as for the PDSCH transmitted from the same TRP. 
A same precoder indicated by the PMI is applied to the two cross-polarized antennas at all the TRPs. For more than 2 antennas, however, applying a same precoder for all TRPs is not appropriate as for different TRPs, the directions to the UE would be different. 
In the case of DPS, CSI-RS is transmitted from each TRP, and PMI and CQI are calculated and feedback for each TRP. A TRP with the best CQI is selected for PDSCH transmission similar to the case of a single TRP transmission. 
Figure 2 shows throughput as a function of UE location in the case of SFN with Doppler precompensation and DPS. At UE locations with high SNRs, the peak throughput of the highest MCS of the 64-QAM MCS table is achieved by both DSP and SFN with pre-compensation. This is because, in case of DPS transmission, the equivalent channel has lower Doppler spread and simple characteristics in contrast to the equivalent SFN channel. 
At very low SNRs, i.e., SNR <= 0dB, SFN with pre-compensation performs slightly better than DPS at the midpoint, likely due to higher signal power from both TRPs and thus an MCS with a higher spectral efficiency. However, at high SNR, i.e., SNR>=8dB, DPS performs better than SFN with pre-compensation at midpoint. 

[bookmark: _Toc68633195]Both DPS and SFN with pre-compensation perform well in the case of link adaptation, peak throughputs of the highest MCS in the 64-QAM table was reached at high SNRs.
[bookmark: _Toc68633196]DPS performs better than SFN with pre-compensation at high SNRs for UE close to the midpoint between TRPs. 
[bookmark: _Toc68633197]SFN with pre-compensation performs better than DPS at very low SNRs (i.e., at or below 0dB SNR) for UE close to the midpoint between TRPs.
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[bookmark: _Ref68075502]Figure 2: Throughput as a function of UE location for different SNRs in the case of link adaptation. 64-QAM table is used.
2.2.2 Issues related to pre-compensation
On RAN1#103e meeting, following agreements were reached to clarify the steps and procedures that may be needed for the gNB pre-compensation solution [2].
Agreement
For discussion purpose consider the following three steps for TRP-based frequency offset pre-compensation scheme:
· 1st step: Transmission of the TRS resource(s) from TRP(s) without pre-compensation
· 2nd step: Transmission of the uplink signal(s)/channel(s) with carrier frequency determined based on the received TRS signals in the 1st step
· 3rd step: Transmission of the PDCCH/PDSCH from TRP(s) with frequency offset pre-compensation determined based on the received signal/channel in the 2nd step
· Note: A second set of TRS resource(s) may be transmitted at 3rd step. 

Agreement
Study TRP-based frequency offset pre-compensation including the following aspects:
· Aspects related to indication of the carrier frequency determined based on the received TRS resource(s) in the 1st step
· Option 1: Implicit indication of the Doppler shift(s) using uplink signal(s) transmitted on the carrier frequency acquired in the 1st step
· Indication for QCL-like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step
· Type of the uplink reference signals / physical channel used in the 2nd step, necessity of new configuration and corresponding signaling details
· Option 2: Explicit reporting of the Doppler shift(s) acquired in the 1st step using CSI framework
· FFS: Indication for QCL-like association of the resource(s) received in the 1st step with UL signal transmitted in the 2nd step
· CSI reporting aspects, configuration, quantization, signalling details, etc.
· New QCL types/assumption for TRS with other RS (e.g., SS/PBCH), when TRS resource(s) is used as target RS in TCI state 
· New QCL types/assumptions for TRS with other RS (e.g., DM-RS), when TRS resource(s) is used as source RS in the TCI state 
· Target physical channels (e.g., PDSCH only or PDSCH/PDCCH) and reference signals that should be supported for pre-compensation
· Signaling/procedural details on whether/how the pre-compensation is applied to target channels
· Whether multiple sets of TRS and pre-compensation on TRS is needed in 3rd step.
Note: Other aspects/schemes are not precluded

2.2.2.1 Anchoring DL RS for UL Frequency
Based on the above agreements, two options may be considered depending on whether the Doppler frequency is estimated at the gNB (Option 1) or at the UE (option 2).  In both options, it is vaguely assumed that multiple TRS are transmitted from multiple TRPs. However, different TRS transmission schemes were proposed.
In one option, it is assumed that a separate TRS is transmitted from each TRP and the TRS is not pre-compensated.   A UE derives DL frequency from one of the TRSs for UL transmissions to both TRPs,  the gNB measures the UL frequency difference between two TRPs based one a UL signal and pre-compensate DL frequency for one of the TRPs such that from UE perspective, a same DL frequency is observed from both TRPs. This is illustrated in Figure 3.  In this case, the UE can use any one of the TRSs to derive frequency for UL transmission. The gNB doesn’t need to know which TRS was used for the purpose at the UE.  The benefit is that UE can make decision based on, for example, the received RSRP and the strongest TRS can always be used for better estimation reliability and accuracy.
[bookmark: _Toc68633198]With separate TRS per TRP and PDSCH over one TRP is pre-compensated, more reliable and accurate frequency estimation can be achieved by letting UE to select the TRS for deriving UL frequency.
The drawback of this option is that for supporting legacy SFN UEs, a third SFNed TRS is needed. 
PDSCH, TRS 1,

TRS 2,
TRP 1
TRP 2








PDSCH,


TRS
PDSCH
UL

[bookmark: _Ref68536849]Figure 3: Doppler pre-compensation with separate TRS per TRP. 
In another option, it is assumed that a first TRS is transmitted over one TRP, and a second TRPs is transmitted over two TRPs in a SFN manner. This is illustrated in Figure 4. A UE can derive the DL frequency from one of the two TRS and use it for UL transmissions to both TRPs.  The gNB measures the UL frequency difference between two TRPs based on a UL signal and pre-compensate DL frequency for one of the TRPs such that from UE perspective, a same DL frequency is observed from both TRPs.  If the UE use the SFNed TRS for frequency estimation, the estimated frequency would be a value between the two received DL frequencies from the two TRPs, depending on the relative received signal power from the two TRPs. It should work as long as the estimation is stable, the absolute value is not important as only the UL frequency difference between the two TRPs would be used for the pre-compensation.
[bookmark: _Toc68633199]With a first TRS over one TRP and a second SFNed TRS over both TRPs, it is still possible to let the UE to select the TRS for deriving UL frequency.
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Figure 4: Doppler pre-compensation with a first TRS in one TRP and a second SFNed TRS over both TRPs.
Based on the above observations, we have the following proposal:
[bookmark: _Toc68633212]For gNB based Doppler pre-compensation, there is no need to indicate a DL RS to a UE as a source RS for deriving the UL frequency.



2.2.2.2 gNB Based Doppler Estimation
This corresponds to Option 1 in the agreement and relies on gNB to estimate the doppler shift based on a UL signal for each UE served by the gNB. For a train with many passengers, option 1 costs large amount of UL resources and may not be feasible in a deployment when pre-compensation is considered to serve many users. The UL resources could be exhausted and the effort on coordinate the scheduling can be heavy. In addition, as observed in our evaluation, pre-compensation is slightly better than DPS only at very low SNR. How reliable/accurate Doppler estimation can be achieved based on a UL signal at very low SNR may need to be further investigated. 
It is important to note that the doppler estimation in the pre-compensation simulation is based on ideal assumptions, i.e., the gNB can accurately estimate the UL frequency difference between the two TRPs. In case of real implementation, different LOs are typically used in the two TRPs and the associated frequency difference cannot be compensated.  In addition, the frequency estimation accuracy depends on the SNR of the UL signal, the same level of accuracy of the doppler shift may be difficult to achieve and the performance of pre-compensation will degrade in practice. 
It shall also be noted that in our simulation, two cross-polarized antennas were used at each TRP, only co-phasing is applied based on a SFNed PMI feedback.  In case that there are more than 2 antennas at each TRP, precoding at each TRP also involves beam steering, assuming a common PMI at the UE based on SFNed CSI-RS doesn’t make sense anymore.   Using precoder cycling is possible but there would be a CQI mismatch between what was assumed at the UE in calculating the CQI and what was actually being applied at the gNB.  In addition, in case of HST, short-term channel property changes quickly and co-phasing is no longer adequate.  Therefore, how to achieve more accurate CSI feedback in HST-SFN in general needs some further study. 
[bookmark: _Toc68633200]The performance gain achieved by pre-compensation relies on accurate doppler shift estimation at gNB and reported CSI from UE. How to achieve both needs further study.

UL signals, including PUCCH, PUSCH and SRS, can be configured and scheduled by gNB to derive the experienced doppler shift from the UE.However the accuracy of frequency offset estimation based on PUCCH is unclear. Estimating based on PUSCH may be more reliable than PUCCH, however that solution come with a cost of constant scheduling of PUSCH for that UE even when there’s no uplink data in the data buffer. For HST network with many connected UEs, the solution exhausting PDCCH and PUSCH resources cannot be applied for commercial deployment
[bookmark: _Toc68633201]PUSCH based doppler estimation exhausting PDCCH and PUSCH resources when there’re many users in the network.
A more practical solution is to configure SRS and derive the frequency offset based on received SRS. The current SRS configuration is not designed for the purpose of doppler estimation, further enhancement may be needed in the HST scenario. If periodic SRS is configured, in order to increase number of supported UEs, SRS periodicity need to increase accordingly which can lead to inadequate estimation.
[bookmark: _Toc68633202]Doppler estimation based on SRS may need further study.

2.2.2.3 UE Reporting Doppler Shift
With option 2 in the previous agreements, instead of measuring  Doppler shift by the gNB based on a UL signal, a UE measures and reports  the Doppler shifts or the difference of Doppler shifts received from two TRPs based on DL RS such as TRS. In our evaluation, pre-compensation is slightly better than DPS only at very low SNR. As coverage is typically UL limited, Doppler measurement based on DL RS should provide better reliability/accuracy than UL signal based Doppler estimation, particularly when a UE is at the cell edge. In case of HST-SFN, cell edge is typically at the middle of two TRPs. 
[bookmark: _Toc68633203]Pre-compensation performs better than DPS at very low SNR, in which a UE is likely power limited.  Doppler estimation based on DL RS should be more reliable and accurate than based on a UL signal.
[bookmark: _Toc68633213]For SFN with Doppler pre-compensation, UE reporting of Doppler shift is preferred.

2.2.2.4 QCL type
In RAN1#103e meeting [2], 4 variations of TCI association with DMRS of PDCCH and PDSCH with downlink reference were proposed, among these variants, 
· Variant A: One of the TCI state can be associated with {average delay, delay spread} and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· Variant B: One of the TCI state can be associated with {average delay, delay spread} and another TCI state with {Doppler shift, Doppler spread} (i.e., QCL-TypeB)
· Variant C: One of the TCI state can be associated with {delay spread}  and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· Variant E: Both TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)









Variants A, B and C are for supporting pre-compensation based HST-SFN enhancements in which TRS is not pre-compensated while an associated PDSCH is.  In Variant A, the Doppler shift and spread are derived from one TRS while the average delay and delay spread are derived from either one of or both TRS’. In Variant B, the Doppler shift and spread are derived from one TRS while the average delay and delay spread are derived from the other TRS. In Variance C, similar to Variant A, the delay spread is associated with both TRS.
QCL relation between a PDSCH DMRS and a DL RS is used to help perform channel filtering in both time and frequency domain.  Figure 4 illustrates the time and frequency domain channels experienced by PDSCH, with and without pre-compensation, and by the TRS transmitted from two TRPs.  For TRS,  two scenarios are shown. In a first scenario, separated TRS are transmitted from each TRP. In a second scenario, TRS1 is transmitted from TRP1 only while TRS2 is transmitted from both TRPs in a SFN manner. 
In case of separate TRS per TRP, it can be seen that TRS1 has the same Doppler frequency as the pre-compensated PDSCH, but not exactly the same for Doppler spread if the Doppler spread from TRP2 is different from TRP1. In the time domain, each TRS represent part of the time domain channel experienced by the PDSCH.  Therefore, the UE can determine the Doppler shift based on TRS1, Doppler spread based on both TRS1 and TRS 2, average time and delay spread based on both TRS 1 and TRS 2.  This corresponds to using TRS1 for {Doppler shift/spread, average delay and delay spread} (i.e., QCL type A), and TRS2 for {Doppler spread, average delay and delay spread}, which doesn’t correspond to any QCL type.  If we assume that the two TRPs have the same Doppler spread, then it may be estimated based on only TRS1, then TRS2 may be used for {average delay and delay spread}.   This corresponds to variant A.
[bookmark: _Toc68633204]In case of separate TRS per TRP and if a same Doppler spread is assumed from two TRPs, then variant A can be used. 
In case that one TRS is transmitted over both TRPs,  it can be seen that again, TRS1 has the same Doppler frequency as the pre-compensated PDSCH, but not exactly the same for Doppler spread if the Doppler spread from TRP2 is different from TRP1. In the time domain, TRS 2 has the same average delay and delay spread as the PDSCH.  Therefore, the UE can determine the Doppler shift based on TRS1, Doppler spread based on both TRS1 (even though it is not exactly the same as PDSCH), average time and delay spread based on TRS 2. This corresponds to using TRS1 for {Doppler shift/spread} (i.e., QCL type B), and TRS2 for {average delay and delay spread}. This corresponds to variant B.
[bookmark: _Toc68633205]In case that one TRS is transmitted with SFN and if a same Doppler spread is assumed from two TRPs, then variant B can be used. 

In Variant C, average delay, Doppler shift and Doppler spread would be determined based one TRS while delay spread is based two TRS.  From Figure 5, it can be seen that the average delay depends on delays from both TRPs unless the two TRPs have the exact same delay to the UE. Therefore, Variant C has one more assumption comparing to Variant A. 
Form the above discussion, we can see that for different TRS transmission schemes, different variants are needed with certain assumptions such as about Doppler spread or average delay difference between the two TRPs.  
[bookmark: _Toc68633206]Which variant to support also depends on how TRSs are transmitted. 



[bookmark: _Ref68552660]Figure 5: Time and frequency domain signals with and without Doppler pre-compensation.

Either variant A or B could be supported.  Given that with one SFNed TRS as one of the two TRSs could also be used to support legacy UEs and thus one TRS overhead can be saved, Variant B is slightly preferred.  
[bookmark: _Toc68633214]Variant B is slightly preferred for gNB based pre-compensation scheme.



2.3 Issue with TA Adjustment
Comparing to the throughput performance that is being evaluated and discussed intensively in Rel-17, we would like to bring up another issue that is stumbling the HST deployment, which is the issue with TA adjustment. 
The TA adjustment scheme specified as “gradual timing adjustment” in 38.133 is not sufficient to support the HST deployment. In HST scenario, uplink timing relies on the timing advance command (TAC) being sent via MAC CE to UE for adjusting the uplink transmit timing. For each UE connected to gNB, its uplink transmit timing need to be adjusted very frequently such that the uplink signal arrives to gNB within the time frame of uplink detection window. Updating the TA via MAC CE consumes both PDCCH and PDSCH resources. Considering a Shinkansen train with 1323 passengers moving at a speed of 300 km/h and passes by a new TRP per 8 seconds, updating TA for each UE impacts the PDCCH capacity and the overall system performance. In a real network where discontinuous reception (DRX) is typically enabled, the issue with TA gets even worse. The timing UE maintained at the beginning of a DRX period will get shifted rapidly that the timing misalignment may exceed the cyclic prefix when there’s no active traffic during several DRX cycles. For a high loaded network that a TAC can’t get sent to UE on the short DRX inactivity time, UE may frequently lose the uplink synchronization and have to perform random access to get resynchronized. 
[bookmark: _Toc68633207]Using “gradual timing adjustment” scheme for TA adjustment is not sufficient for HST scenario.
There is another TA scheme being once specified in 38.133-g20 as “one shot timing adjustment”, where UE adjust its transmitting time autonomously based on the received downlink signal. For HST deployment supporting of this scheme would resolve the issue of TA adjustment as the TA is maintained autonomously by UE at receiving downlink signals. Unfortunately, that scheme has been removed later from 38.133 as companies could not getting converged on the TBD values. It is not clear if any progress can be made within Rel-17 timeframe.
[bookmark: _Toc68633208]The “one shot timing adjustment” TA scheme is a preferred solution for HST, however the RAN4 progress is not predictable.

[bookmark: _Toc68633215]Study TA issue in HST scenario in RAN1.
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3. Conclusion
In this paper, we have evaluated and discussed various enhancements for HST-SFN. we have made the following observations: 
Observation 1	Both DPS and SFN with pre-compensation perform well in the case of link adaptation, peak throughputs of the highest MCS in the 64-QAM table was reached at high SNRs.
Observation 2	DPS performs better than SFN with pre-compensation at high SNRs for UE close to the midpoint between TRPs.
Observation 3	SFN with pre-compensation performs better than DPS at very low SNRs (i.e., at or below 0dB SNR) for UE close to the midpoint between TRPs.
Observation 4	With separate TRS per TRP and PDSCH over one TRP is pre-compensated, more reliable and accurate frequency estimation can be achieved by letting UE to select the TRS for deriving UL frequency.
Observation 5	With a first TRS over one TRP and a second SFNed TRS over both TRPs, it is still possible to let the UE to select the TRS for deriving UL frequency.
Observation 6	The performance gain achieved by pre-compensation relies on accurate doppler shift estimation at gNB and reported CSI from UE. How to achieve both needs further study.
Observation 7	PUSCH based doppler estimation exhausting PDCCH and PUSCH resources when there’re many users in the network.
Observation 8	Doppler estimation based on SRS may need further study.
Observation 9	Pre-compensation performs better than DPS at very low SNR, in which a UE is likely power limited.  Doppler estimation based on DL RS should be more reliable and accurate than based on a UL signal.
Observation 10	In case of separate TRS per TRP and if a same Doppler spread is assumed from two TRPs, then variant A can be used.
Observation 11	In case that one TRS is transmitted with SFN and if a same Doppler spread is assumed from two TRPs, then variant B can be used.
Observation 12	Which variant to support also depends on how TRSs are transmitted.
Observation 13	Using “gradual timing adjustment” scheme for TA adjustment is not sufficient for HST scenario.
Observation 14	The “one shot timing adjustment” TA scheme is a preferred solution for HST, however the RAN4 progress is not predictable.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Dynamic switching between s-TRP and SFNed transmission shall be supported.
Proposal 2	For a CORESET activated with two TCI states, one of the two activated TCI states is used as the default TCI state, FFS whether the one is specified or indicated in a MAC CE activating the TCI states.
Proposal 3	When two TCI states are activated for a CORESET, support inclusion of reference signals used as QCL sources in the two activated TCI states as BFD-RSs in the single BFD-RS set . If the activated TCI states contains two reference signals, the UE will use the reference signals configured with QCL-TypeD
Proposal 4	For gNB based Doppler pre-compensation, there is no need to indicate a DL RS to a UE as a source RS for deriving the UL frequency.
Proposal 5	For SFN with Doppler pre-compensation, UE reporting of Doppler shift is preferred.
Proposal 6	Variant B is slightly preferred for gNB based pre-compensation scheme.
Proposal 7	Study TA issue in HST scenario in RAN1.
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5. Appendix: Evaluation Assumptions and Setup

[bookmark: _Ref54267480]Table 1: Evaluation assumptions for FR1
	Parameter
	Value

	Deployment
	Ds=700m, Dmin=150m
TRP height: 35m, UE height: 1.5m 

	Duplexing
	FDD

	Carrier frequency
	2 GHz, 3.5 GHz

	Sub-carrier spacing
	30 kHz

	Allocation
	50 PRBs (~20 MHz)

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	DMRS
	Type 1, 1+2 additional configuration
FDM with data on unused subcarriers

	TRS
	20 ms, 2-slot pattern

	Channel model
	Extended 4-tap CDL-D channel model as described by Table 2 in [3]

	Vehicle speed
	500 km/h

	Tx antennas
	2 ports: [Mg, Ng, M, N, P]=[1, 1, 1, 1, 2],
Antenna pattern: Directive antenna with 20.5 dBi gain described in Table 3 in [2]

	Rx antennas
	[Mg, Ng, M, N, P]=[1, 1, 1, 2, 2],
Antenna pattern: Isotropic

	TRP antenna orientation
	Antenna azimuth directions point to the midpoint between the two TRPs and downtilt is 10 degrees (5 degree larger than the reference downtilt that points to the midpoint)

	Rank
	1

	Modulation and coding scheme
	Adaptive MCS based on 64QAM table


	CSI feedback period
	10ms 

	HARQ retransmissions
	Maximum of 3

	Channel estimation
	Practical, Doppler estimation based on TRS


	Receiver type
	MRC




An illustration of the deployment used for the evaluations is shown in Figure 6. The evaluation assumptions are listed in Table 1 above.
[image: ]
[bookmark: _Ref68559463]Figure 6: An illustration of the deployment used for evaluation. The extended CDL-D channel model is used to model the channel between each TRP-UE pair.

The reference antenna orientation and downtilt are chosen such that the main beams of the antennas point to the midpoint between two adjacent TRPs. For the considered deployment with inter-TRP distance (Ds) of 700m, closest distance between an UE and a TRP  (Dmin) of 150m, TRP height of 35m, and UE height of 1.5m, the reference downtilt is found to be ~5 degrees. However, when the directive antenna with 20.5 dBi gain described in Table 3 of [3] is used, a considerable amount of power is received from TRPs 1 and 4, resulting in a larger delay spread and also a small amount of inter-symbol interference (ISI) at a range of UE locations between D1 = 0 m and D1= 350 m. Therefore, in the evaluations, we have chosen a downtilt of 10 degrees which reduces the contribution of TRPs 1 and 4 to a great extent.  shows realizations of impulse responses at D1=210 m for downtilts of 5 and 10 degrees.


	[image: ](i) Downtilt of 5 degrees
	[image: ]
(i) Downtilt of 10 degrees


Figure 7: A realization of impulse responses at D1=210m for downtilts of 5 and 10 degrees.

Note on SNR: the SNR at the location closest to a TRP (i.e., D1=0m) is shown in the evaluation results. Line-of-sight propagation is used along with the chosen antenna pattern, orientation and downtilt to calculate the link gains at D1= 0 and UE location. The link gain at UE location is normalized by the link gain at D1=0 m to get the SNR gain at UE location with respect to D1=0 m.  
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