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1.   Introduction
[bookmark: _Hlk492027000]The Rel-17 work item for enhancements on MIMO for NR includes an objective to extend specification support for enhancements on multi-TRP/panel transmission. In RAN #103-e, the following agreements were made on the HST-SFN topic [1]:
Agreement
Support at least the following configuration for HST scenario in Rel-17
· The same DMRS port(s) can associate with multiple TCI states
· FFS other details 
Note: DMRS and PDCCH/PDSCH from different TRPs are transmitted in SFN manner

Agreement
At most two TCI states are supported for HST scenario in Rel-17
· FFS: Whether to support more than two TCI states for FR2
· FFS configuration/signalling details of the TCI states
Note: DMRS and PDCCH/PDSCH from different TRPs are transmitted in SFN manner

Agreement
When the same DMRS port(s) are associated with two TCI states containing TRS as source reference signal, at least one variant is supported for Rel-17 HST-SFN scenario based on further evaluations
· 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)
· FFS: Indication method to apply QCL, e.g., via new QCL-type, or reuse existing QCL-type while UE to ignore certain QCL properties
· Note: Each TCI state in the above variants may be additionally associated with {Spatial Rx parameter} (i.e., QCL-TypeD)
· Note: Companies are encouraged to provide evaluation results for the above variants based on agreed EVM from RAN1#102e meeting
· Note: Above variants are applicable to scheme 1 and/or TRP based pre-compensation as a reference for evaluation.
· This agreement is for the purpose of evaluation and does not imply the support or lack of support of scheme 1 and/or TRP based pre-compensation

The following agreement was also made on the URLLC enhancements topic:
Agreement
For PDCCH reliability enhancements, support SFN scheme + Alt 1-1.
· FFS: TCI state activation for CORESET, impact on default beam, BFD resource for BFR

In this contribution, we discuss the last objective, enhancement to support high speed train SFN scenario, and make some observations and proposals. 
2.    Discussion
2.1 HST-SFN transmission
The baseline HST-SFN transmission scheme is shown in Figure 1. In this scheme, all the signals are transmitted from multiple TRPs in an SFN manner, i.e., the signal is received from multiple TRPs in the same time-frequency resources. 
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[bookmark: _Ref43201573]Figure 1: SFN transmission
For a legacy UE, there are two options for channel estimation in the receiver. In the first, the UE can only estimate and track a single Doppler shift and perform channel estimation based on U-shaped Doppler spectrum. The second is to implement an advanced and complex receiver that estimates multiple Doppler shifts and time offsets based on the same reference signal transmitted in a transparent manner from multiple TRPs.
Doppler shift estimation using the TRS or DMRS in the UE receiver provides an estimate that comprises a composite of the Doppler shifts from the multiple TRPs due to the inability to separate the transmissions. Considering that the resulting Doppler profile does not follow the classic U-shape Doppler spectrum, applying channel estimation methods conceived for that situation is no longer optimal. Channel estimation performed using this composite Doppler shift estimate is then degraded, resulting in an impact on downlink demodulation performance. Thus, while incorporating the Doppler profile in the channel estimation filter is optimal for single-TRP transmission in HST channels, the Doppler profile available with SFN transmission yields an incorrect model, leading to sub-optimal performance.
2.2 [bookmark: _Ref53843938]Enhanced DL transmission schemes 
In RAN1 #102-e, it was agreed that the following two DL transmissions schemes will be studied for enhanced estimation of Doppler frequency shifts and demodulation at the UE.
· Scheme 1: 
· TRS is transmitted in TRP-specific / non-SFN manner
· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner
· [bookmark: _GoBack]Scheme 2: 
· TRS and DM-RS are transmitted in TRP-specific / non-SFN manner
· PDSCH from TRPs is transmitted in SFN manner

These schemes are considered further below. In both schemes, the PDSCH from two TRPs is transmitted in an SFN manner. In order to exploit the advantage associated with the enhanced transmission schemes, it is necessary to indicate that the PDSCH transmission is associated with two TCI states. The Rel-16 framework for multi-TRP transmission already supports indication of two TCI states for a PDSCH transmission and therefore can be reused. Signaling enhancements are needed, however, related to configuration of each of the schemes.
Observation 1: Rel-16 framework for indication of 2 TCI states for PDSCH transmission can be reused. 
In scheme 1, illustrated in Figure 2, a different TRS is transmitted from each TRP, enabling Doppler shift from each TRP to be separately estimated by the UE. The DMRS, PDCCH, and PDSCH are still transmitted in an SFN manner. The UE can use these multiple Doppler shift estimates to perform a time domain interpolation of the channel estimates by using a wiener filter that incorporates multiple Doppler shifts instead of a single Doppler shift. This also applies to the time offset compensation: TRP-specific TRS resources allow estimation of multiple time offsets that can be incorporated into the channel estimation filter.
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[bookmark: _Ref43201783]Figure 2: SFN transmission with TRP-specific TRS
The scheme requires the UE to be configured with two TRS that are separately transmitted by the two TRPs. The UE should also be able to receive the two TRS for estimation of the Doppler shift associated with the corresponding TRP. This would enable the UE receiver to exploit the separately estimated Doppler shifts in its channel estimation. For example, the channel estimation filter can be based on combining the two Doppler profiles using measurements based on the TRS.
The two TCI states indicated for PDSCH provide the QCL relationship between the DMRS transmitted from each TRP and each of the two TRS transmitted by the respective TRPs. In other words, for this scheme two QCL references, comprising the two TRSs, are provided for the DMRS. This enables channel estimation using the DMRS to incorporate Doppler shifts for both TRPs. The channel estimate is still a composite estimate for the channels from the two TRPs since the DMRS from the TRPs are transmitted in an SFN manner. This may cause some performance degradation.
Scheme 2 is illustrated in Figure 3. This scheme also includes transmission of TRP-specific TRS similar to scheme 1 discussed above. In addition, DMRS ports distributed across TRPs by assigning different TCI states. The PDCCH and PDSCH transmissions are still SFN. 
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[bookmark: _Ref43208254]Figure 3: SFN transmission with TRP-specific TRS and DMRS
[bookmark: _Hlk528168953]With scheme 2, while the same layers are transmitted on PDSCH from both TRPs, the main difference relative to the scheme 1 is that each layer of PDSCH is transmitted with a different DMRS antenna port from the two TRPs. Therefore, each layer is associated with two DMRS antenna ports. The DMRS antenna port associated with each TRP can be configured to be QCL with the TRS transmitted from that TRP using the existing QCL framework. This requires the configuration of two CDM groups for orthogonal channel estimation associated with the different TRPs. Furthermore, if multiple layers are transmitted from each TRP, the antenna ports in a CDM group are associated with a TRP. The UE can then separately estimate the channel corresponding to a layer for each TRP by utilizing the separately estimated Doppler shift for the TRP. The composite channel estimate can be constructed by combining the channel estimates for the different TRPs. The data for each transmitted layer is then demodulated using this composite channel estimate and decoded. 
Signaling enhancement is necessary to indicate this transmission scheme to the UE. The signaling should differentiate this scheme from other transmission schemes using 2 TCI states and 2 CDM groups, i.e., scheme 1a/NCJT, in which the same data is not transmitted from different TRPs. 
Figure 4 compares the throughput performance of scheme 1 and scheme 2 with different MCS values at a train speed of 500 kmph. The simulation assumptions are listed in the Appendix. It is clear from the plots that scheme 1 outperforms scheme 2 at the higher SNRs where the corresponding MCS values are likely to be used (i.e., at 80%–100% of peak throughput). This is due to the higher DMRS overhead from 2 CDM groups associated with scheme 2. 
Observation 2: In the typical operating range of SNRs for any MCS, scheme 1 yields better throughput performance compared with scheme 2.
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[bookmark: _Ref60836944]Figure 4. Downlink different schemes at the mid-point between two TRPs for a train speed of 500 kmph with different MCS values.
Figure 5 shows the throughput performance obtained for the following cases.
1. Scheme 1
2. Scheme 2
3. Frequency pre-compensation scheme (discussed in Section 2.3)
4. Full SFN transmission
We consider downlink performance at different locations on the track between the two TRPs. Figure 5 shows the performance obtained assuming an SNR of 20 dB and using MCS 20. It is seen that the scheme based on full SFN transmission breaks down at locations beyond 100 m away from any TRP. Both scheme 1 and scheme 2 provide vastly superior performance with a small dip observed at the mid-point track location. Scheme 1 is consistently superior to scheme 2 at all locations.
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[bookmark: _Ref61428383]Figure 5. Downlink performance of different schemes at different track locations between two TRPs for a train speed of 500 kmph with SNR of 20 dB and MCS 20.
Observation 3: At or close to the mid-point between the two TRPs, the both scheme 1 and scheme 2 consistently yield better performance compared with the baseline SFN transmission scheme.
Under URLLC enhancements for PDCCH, it has been agreed to support SFN scheme with Alt 1-1. In Alt 1-1, one CORESET with two TCI states is supported with one PDCCH candidate in a given search space set associated with both these TCI states. Furthermore, SFN transmission implies that PDCCH DMRS is associated with the two TCI states in all REGs/CCEs of the PDCCH in one monitoring occasion. This essentially corresponds to supporting scheme 1 for PDCCH.
Observation 4: Support for SFN scheme with Alt1-1 for PDCCH URLLC enhancements enables use of scheme 1 for PDCCH without additional specification impact.
Based on the preceding discussion and observations, we have the following proposals.
Proposal 1: Scheme 1 is supported for PDCCH and PDSCH in Rel-17.
Proposal 2: Scheme 2 is not supported in Rel-17.
There is currently an open issue regarding supporting more than 2 TCI states for FR2. Support for 2 TCI states has slightly different implications for PDCCH and PDSCH. For PDSCH, the Rel-16 TCI framework already supports signaling two TCI states through a TCI codepoint. Supporting more than 2 TCI states will, however, require further enhancement. On the other hand, enhancement to support even 2 TCI states for a PDCCH CORESET will require signaling enhancement. Limiting to two TCI states does not preclude configuration of more than 2 TRSs. Therefore, any benefits may be only due to SFN transmission from more than 2 TRPs. At FR2, particularly, such benefit may not be significant. Therefore, we don’t see a clear justification to support more than 2 TCI states.
Proposal 3: No more than 2 TCI states are supported for HST-SFN scenario.
For scheme 1, the transmission is configured to be associated with at least two TCI states. This is supported from the agreement in the last meeting. Since DMRS is SFN, a single CDM group can be configured unlike the Rel-16 single DCI-based multi-TRP SDM scheme. The configuration/enabling of this scheme needs to be differentiated from Rel-16 multi-TRP PDSCH schemes for URLLC. If scheme 1 is supported for both PDCCH and PDSCH, however, no separate signaling to indicate Rel-17 scheme 1 may be necessary, based on the following discussion. To activate the SFN scheme with Alt1-1 for PDCCH (i.e., scheme 1 for PDCCH), two active TCI states is activated for a CORESET carrying HST-SFN PDCCH. When the UE receives a PDCCH in this CORESET scheduling PDSCH with two TCI states, it may be sufficient to indicate that the PDCCH/PDSCH follows Rel-17 HST-SFN scheme 1. If PDCCH is transmitted in a CORESET with a single TCI state and PDSCH is scheduled with a single TCI state, single-TRP transmission is indicated.
Observation 5: Dynamic switching between single-TRP transmission and Rel-17 scheme 1 for HST-SFN may be possible through use of CORESET with single or two TCI states for PDCCH transmission.
Proposal 4: Further study signaling enhancements to differentiate between PDSCH transmission schemes when Rel-17 SFN scheme is used for PDCCH transmission.
In the last meeting, several variants were agreed for basing the association of the same DMRS port(s) with two TCI states containing TRS as source reference signal. For supporting scheme 1, the following variant can be considered.
· Variant E: Both TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
For scheme 1, each of the two TCI states provides an association of the DMRS port(s) with one TRS. The large-scale channel properties that can be inferred from the TRS correspond to the QCL-type indicated. Our view is that the current definition of QCL does not preclude the indication of multiple TRSs as QCL source RS for the same DMRS antenna port. Therefore, we don’t see a need to modify the definition of QCL.
Proposal 5: Support Variant E for the association of the same DMRS port(s) with two TCI states containing TRS as source reference signal without no change to the QCL definition.
2.3 [bookmark: _Ref61427768]Network-based frequency pre-compensation scheme
In RAN1 #102-e, there was an agreement to consider a TRP-based frequency pre-compensation scheme. This scheme shifts the burden of correcting for Doppler shifts from the UE to the network. The method involves using the estimate of the Doppler shift at the TRPs to correct for this shift prior to the transmission so the UE receives signals from each TRP with the same or no Doppler shift. The following steps were defined:
· 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.

Two options are listed in the agreements for indication of the carrier frequency determined based on the received TRS at the UE as follows.
· 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.

Observation 6: Each Doppler shift estimation approach for Doppler pre-compensation on the network side is associated with certain disadvantages. 
Figure 6 shows the details of the steps of the frequency pre-compensation scheme according to one possible implementation in our understanding using option 2. The steps are as follows.

 
[bookmark: _Ref53843420]Figure 6. Details of frequency pre-compensation.
1. TRP1 transmits TRS1 and TRP2 transmit TRS2 at carrier frequency fc. TRS1 is received at the UE with a Doppler shift Df1 at the UE, i.e., at a frequency fc+Df1. From TRS1, UE determines the received DL carrier frequency to be fc+Df1. TRS2 is not used by the UE for carrier frequency synchronization but may be used for timing offset correction.
2. The network may determine that TRS1 transmitted by TRP1 is the anchor TRS (which is the TRS that will be indicated as the reference RS for PDCCH/PDSCH). UE then transmits an UL RS such as SRS at the carrier frequency fc+Df0 (the assumption of the anchor TRS should be known to the UE and both TRPs either implicitly or from explicit TCI state signaling). This signal is received at TRP1 with Doppler shift Df1 ,i.e., at a frequency fc+Df0+Df1, and at TRP2 with a Doppler shift Df2, i.e., at a frequency fc+Df0+Df2. From this received UL RS, TRP1 determines Doppler shift Df0+Df1, which is also made available to TRP2. TRP2 then determines Doppler shift Df0+Df2 from the received UL RS. The pre-compensation frequency for TRP1 (transmitting the anchor TRS) is zero, while the pre-compensation frequency for TRP2 is determined from the difference between the Doppler shifts at the two TRPs as Df1–Df2.
3. TRP1 and TRP2 transmit the PDCCH, PDSCH, and DMRS with the respective carrier frequency pre-compensations. That is, TRP1 transmits the signals at a carrier frequency fc, while TRP2 transmits the signals at a carrier frequency fc +Df1–Df2. The UE receives the signals from TRP1 and TRP2 with Doppler shifts Df1 and Df2, respectively. Therefore, PDCCH, PDSCH, and DMRS from both the TRPs are received at the UE at a frequency fc+Df1, which is the frequency at which the anchor TRS, i.e., TRS1 was also received. Thus, PDCCH, PDSCH, and DMRS are synchronized in frequency with TRS1. Thus, the Doppler shift Df1 estimated using TRS1 can be used with PDCCH/PDSCH/DMRS using traditional channel estimation.
Steps 1 to 3 are then repeated. The above method requires a common understanding between the network and the UE that the carrier frequency used by the UE for the UL RS is based on TRS1. Clearly, the method is symmetric between TRS1 and TRS2 and therefore would work similarly based on TRS2 being the anchor TRS with a corresponding common understanding. As such, it would be beneficial to use the TRS transmitted by the TRP closest to the UE since the SNR would be better. Thus, the anchor TRS determination could be based on e.g., measurement reports that provide information on which TRS is stronger (i.e., corresponding to the TRP that is closes to the UE). Therefore, when the UE on the train crosses the mid-point, the anchor TRS for the UL transmission by the UE must be changed.
The carrier frequency of UL RS transmitted by the UE for frequency offset estimation is different from the carrier frequency at TRP. Theoretically, the carrier frequency fc+Df0 of the UL RS may have an arbitrary offset Df0. In practice, however, the frequency offset of the UL RS received by either of the TRPs (Df0+Df1 or Df0+Df2) must be within the estimation range. Therefore, +Df0 should not be arbitrarily large and this can be handled through implementation.
Observation 7: The frequency offset of UL RS at TRP receiver should not be arbitrarily large to be handled in the TRP receiver. 
Figure 4 shows the performance of the frequency pre-compensation scheme in comparison with the UE based schemes. Based on these results, the frequency pre-compensation scheme provides similar performance compared with the UE-based scheme 1 at higher SNRs when peak throughput is achieved. At mid-range SNRs where the performance of the frequency pre-compensation scheme begins to drop, the relative performance of the two schemes depends on the MCS. For lower MCS values, there is a range of SNRs where scheme 1 performs better, which shrinks with increasing MCS values and eventually scheme 1 performs worse than the frequency pre-compensation scheme in the mid-range of SNRs.
Observation 8: For SNRs corresponding to peak throughput, the frequency pre-compensation scheme and scheme 1 have the same performance.
Observation 9: For SNRs corresponding to non-zero throughput below the peak, the relative performance of the frequency pre-compensation scheme and scheme 1 depends on the MCS and SNR:
· For higher MCS values, the performance of the frequency pre-compensation scheme is never worse than that of scheme 1.
· For lower MCS values, scheme 1 may have better performance at SNRs corresponding to throughputs between 50% and less than 100% of peak throughput, with the cross-over point occurring at relatively higher throughputs for larger MCS values.
The throughput performance as a function of track location of the UE for the frequency pre-compensation scheme relative to scheme 1 is also shown in Figure 5. It is seen that the frequency pre-compensation scheme exhibits only a small gain compared with scheme 1 at the mid-point location. Based on the preceding performance analysis, we do not see any significant benefit from supporting the network-based frequency pre-compensation scheme.
Proposal 6: Network-based frequency pre-compensation is not supported in Rel-17.
The following variants have been agreed for consideration to be used with the frequency pre-compensation scheme.
· 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)
· [bookmark: _Hlk61431525]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)

We discuss below our understanding of how these variants may be used. Variant A and Variant C are intended to be used similarly. The two TCI states described by the variants are used to indicate QCL of the DMRS ports with the two distributed TRSs. In both variants, one of the TCI states indicates QCL of the DMRS with the TRS with respect to {average delay, delay spread, Doppler shift, Doppler spread}, which corresponds to QCL-TypeA. This TCI state indicates QCL of the DMRS with what can be referred to as the anchor TRS, the Doppler shift of which corresponds to the Doppler shift of the frequency pre-compensated signals. The difference between the variants is in the QCL indication provided by the other TCI state – while variant A corresponds to association with both average delay and delay spread, variant C corresponds to association with only delay spread. Variant A is proposed with the understanding that both average delay and average delay spread parameters must be obtained for both TRPs. On the other hand, variant C is based on the understanding that the average delay parameter is useful only for the anchor TRP since the timing correction is performed with respect to only the TRP transmitting the anchor TRS.
In variant B, the first TCI state indicates QCL of the DMRS ports with the SFN (non-pre-compensated) TRS with respect to {average delay, delay spread} while the second TCI state is used to indicate QCL of the DMRS ports with the anchor TRS with respect to {Doppler shift, Doppler spread}, which corresponds to QCL-TypeB. The average delay and delay spread parameters for the composite channel from both TRPs can be obtained from the SFN TRS.
It is observed above that it is not necessary to transmit SFN TRS with frequency pre-compensation. In fact, the above three variants need to be considered only if there is no pre-compensated TRS since indication of two TCI states with different QCL references is necessary to enable the UE to obtain the different channel parameters of the two TRPs from the two TRSs. Each of these variants requires the definition of a new QCL relationship between the DMRS and one of the TRSs. On the other hand, with frequency pre-compensated TRS, all of the receiver parameters can be estimated based on it and the single TCI state can be indicated for the SFN PDCCH/PDSCH with QCL-TypeA with respect to the frequency pre-compensated TRS. We also note that transmission of frequency pre-compensated SFN TRS can anyway be supported through implementation. Thus, this approach would greatly simplify the specification effort to support this scheme. Support of transmission of SFN TRS with frequency pre-compensation would, however, entail additional overhead, particularly since the frequency pre-compensation may generally be UE-specific. It may be possible to reduce the overhead through consideration of frequency pre-compensation for UE groups. The solution is also suitable for CPE-based UE implementations.
Observation 10: The frequency pre-compensation scheme can be used without having to also apply the pre-compensation to TRS but requires definition of new QCL relationships.
Observation 11: Transmission of frequency pre-compensated TRS can be supported without new define new TCI/QCL definitions but costs additional overhead.
Proposal 7: If RAN1 decides to support network-based frequency pre-compensation, further study techniques to reduce overhead for supporting frequency pre-compensated TRS transmission.
The frequency pre-compensation scheme based on implicit indication uses UL RS such as SRS for estimation of the compensation frequencies. The TRS is usually configured to be periodically transmitted, with typical periodicities of 10 ms to 40 ms. While TRS is used for time and frequency tracking by the UE, the UL SRS would be used by the TRPs for frequency pre-compensation. To apply the frequency pre-compensation scheme, , the UL SRS configuration must be optimized for frequency offset estimation. For example, time domain span of SRS resource should be multiple symbols similar as TRS time domain pattern. This may entail a high SRS overhead. Depending on the rate at which the pre-compensation frequency needs to be updated, the SRS could have a different periodicity. Nevertheless, if frequency pre-compensation is separately applied for each UE, the SRS overhead can be significant. In addition, the approach would require association of SRS configuration with TRS along with dedicated triggering.
On the other hand, the explicit indication would also entail additional overhead for reporting the Doppler shifts estimated for the two TRPs. The approach would require enhancement of reporting to include Doppler shift estimates for two TRPs and association of each report with the corresponding TRS. A potential disadvantage is the impact of frequency offset estimation errors, which would be more dominant at lower SNRs, e.g., for the TRP that is relatively far away from the UE. Mitigation of this impact may therefore be necessary.
While both approaches have advantages and disadvantages, we have a slight preference for the explicit approach.
Proposal 8: If RAN1 decides to support network-based frequency pre-compensation, support explicit indication of the Doppler shifts through the CSI framework.
3. Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we discuss the sub-objective of multi-TRP/panel transmission related to enhancement for HST-SFN. The following observations and proposals are made.
Observation 1: Rel-16 framework for indication of 2 TCI states for PDSCH transmission can be reused. 
Observation 2: In the typical operating range of SNRs for any MCS, scheme 1 yields better throughput performance compared with scheme 2.
Observation 3: At or close to the mid-point between the two TRPs, the both scheme 1 and scheme 2 consistently yield better performance compared with the baseline SFN transmission scheme.
Observation 4: Support for SFN scheme with Alt1-1 for PDCCH URLLC enhancements enables use of scheme 1 for PDCCH without additional specification impact.
Observation 5: Dynamic switching between single-TRP transmission and Rel-17 scheme 1 for HST-SFN may be possible through use of CORESET with single or two TCI states for PDCCH transmission.
Observation 6: Each Doppler shift estimation approach for Doppler pre-compensation on the network side is associated with certain disadvantages. 
Observation 7: The frequency offset of UL RS at TRP receiver should not be arbitrarily large to be handled in the TRP receiver.
Observation 8: For SNRs corresponding to peak throughput, the frequency pre-compensation scheme and scheme 1 have the same performance.
Observation 9: For SNRs corresponding to non-zero throughput below the peak, the relative performance of the frequency pre-compensation scheme and scheme 1 depends on the MCS and SNR:
· For higher MCS values, the performance of the frequency pre-compensation scheme is never worse than that of scheme 1.
· For lower MCS values, scheme 1 may have better performance at SNRs corresponding to throughputs between 50% and less than 100% of peak throughput, with the cross-over point occurring at relatively higher throughputs for larger MCS values.
Observation 10: The frequency pre-compensation scheme can be used without having to also apply the pre-compensation to TRS but requires definition of new QCL relationships.
Observation 11: Transmission of frequency pre-compensated TRS can be supported without new define new TCI/QCL definitions but costs additional overhead.
Proposal 1: Scheme 1 is supported for PDCCH and PDSCH in Rel-17.
Proposal 2: Scheme 2 is not supported in Rel-17.
Proposal 3: No more than 2 TCI states are supported for HST-SFN scenario.
Proposal 4: Further study signaling enhancements to differentiate between PDSCH transmission schemes when Rel-17 SFN scheme is used for PDCCH transmission.
Proposal 5: Support Variant E for the association of the same DMRS port(s) with two TCI states containing TRS as source reference signal without no change to the QCL definition.
Proposal 6: Network-based frequency pre-compensation is not supported in Rel-17.
Proposal 7: If RAN1 decides to support network-based frequency pre-compensation, further study techniques to reduce overhead for supporting frequency pre-compensated TRS transmission.
Proposal 8: If RAN1 decides to support network-based frequency pre-compensation, support explicit indication of the Doppler shifts through the CSI framework.
4. [bookmark: _Hlk4746949][bookmark: OLE_LINK9]References
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[bookmark: _Ref61427807]Appendix
The simulation assumptions used for performance evaluation are as show in Table 1.
[bookmark: _Ref54269376]Table 1. Simulation assumptions
	Parameter
	Value

	TRP layout
	Ds=700m, Dmin=150m

	Carrier frequency
	3.5 GHz

	Subcarrier spacing
	30 kHz

	Propagation channel
	CDL-D, DS=100ns

	UE antenna configuration
	2 ports: [1, 1, 1, 1, 2]
omni-directional antenna

	gNB antenna configuration
	2 ports: [1, 1, 8, 2, 2] 
omni-directional antenna

	UE speed
	350, 500 kmph

	TRS configuration
	10 ms, 2-slot pattern

	DMRS configuration
	DMRS type 1, Number of symbols: 1 + 1 + 1

	PDSCH mapping
	Type A, start symbol 2, duration 12, rank 1

	MCS
	7, 13, 20

	Number scheduled RBs
	50
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