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1. [bookmark: _Ref521334010]Introduction
HST-SFN deployment scenario is one of the most important scenarios for high speed train deployment. In order to have better performance in HST-SFN deployment scenario, the following objective was approved in the WID for Rel-17 NR FeMIMO [1]:
	Enhancement to support HST-SFN deployment scenario:
i.	Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii.	Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework


In RAN1 #104 e-meeting, the following agreements and working assumptions on DL transmission schemes and TRP-based frequency offset pre-compensation schemes for HST-SFN deployment were achieved:
	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
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 document, we share our views on the enhancements for HST-SFN deployment scenario.
2. DL Transmission schemes
In HST-SFN deployment scenario, DL signals can be transmitted in SFN manner from multiple TRPs that deployed along the railway. When a signal is SFN-ed transmitted, the propagation channel of the signal comprises multiple paths with different Doppler shifts and the channel cannot be well estimated by a single SFN-ed transmitted reference signal. Hence, TRP-specific/non-SFN-ed reference signals for Doppler profile estimation are expected.
Definition of QCL
In Rel-15, the definition of QCL is specified as follows:
	Two antenna ports are said to be quasi co-located if the large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, average delay, and spatial Rx parameters.


For the enhanced scheme, the large-scale properties of the channel that convey DMRS port(s) can be inferred from the combination of channels of the RS ports that indicated by multiple TCI states. However, the large-scale properties of the channel of each RS port that indicated by the multiple TCI states cannot be inferred from the channel of the DMRS port. Hence, a definition on QCL association relationship of an antenna port and an antenna port group is needed. One example of the definition is as follows:
	Antenna port x and antenna port group Y are said to be quasi co-located if the large-scale properties of the channel over which a symbol on antenna port x is conveyed can be inferred from the combination of channels over which the symbols on the antenna ports of the antenna port group Y are conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, average delay, and spatial Rx parameters.


Observation 1:
· A new definition on QCL association relationship of one antenna port and one antenna port group is needed in Rel-17.
Proposal 1: 
· A new definition on QCL association relationship of one antenna port and one antenna port group is introduced. 
· E.g. Antenna port x and antenna port group Y are said to be quasi co-located if the large-scale properties of the channel over which a symbol on antenna port x is conveyed can be inferred from the combination of channels over which the symbols on the antenna ports of the antenna port group y are conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, average delay, and spatial Rx parameters.
QCL indication for PDSCH and PDCCH
In RAN1 #104 e-meeting, the following scheme, i.e., scheme 1, was agreed in Rel-17:
· TRS is transmitted in TRP-specific / non-SFN manner
· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner
For scheme 1 of PDSCH and PDCCH, it’s agreed to support QCL Variant E for QCL assumption in TCI state when TRS is used as source RS in Rel-17. In our opinion, besides TRS, at least same QCL types and the types of the QCL source RSs for each TCI state as that in Rel-16 should be supported in Rel-17.So, the following TCI states indication solution similar as Rel-16 can be used, i.e. If a codepoint associated with two TCI states is indicated to a PDCCH or PDSCH, each TCI state indicates one of the following quasi co-location type(s) separately:
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with the same CSI-RS resource, or
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition,or
-	QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without higher layer parameter repetition and, when applicable, 'QCL-TypeD' with the same CSI-RS resource.
Proposal 2: 
· For PDSCH and PDCCH transmission scheme enhancement in HST scenario for Rel-17,
· At least the same QCL types and QCL source RS resource types for each TCI state as that in Rel-16 are supported.
Default TCI states for PDSCH
In Rel-16, a PDSCH can be indicated with a TCI codepoint associated to two TCI states for M-TRP transmission schemes of SDM 1a, FDM 2a, FDM 2b, TDM 3, and TDM 4. For a Rel-16 UE, it can report its capability on supporting two default beams for PDSCH, then gNB can configure RRC parameter enableTwoDefaultTCI-States for the UE to let UE use two default TCI states for M-TRP PDSCH reception. Then, UE determines TCI states for PDSCH based on configuration of enableTwoDefaultTCI-States and the value of the time offset between the reception of the DL DCI and the corresponding PDSCH and TCI field in DL DCI. 
On the default TCI states for PDSCH, the following two cases have to be considered: 
· Case 1: After a UE receives an initial higher layer configuration of TCI states and before reception of the activation command
· Case 2: The time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL.
· Case 3: The time offset between the reception of the DL DCI and the corresponding PDSCH is equal or greater than the threshold timeDurationForQCL, but there is no TCI field in the DCI scheduling PDSCH
For case 1, in Rel-16, after a UE receives an initial higher layer configuration of TCI states and before reception of the activation command, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the SS/PBCH block determined in the initial access procedure with respect to qcl-Type set to 'typeA', and when applicable, also with respect to qcl-Type set to 'typeD'.Thus, the same rules can be reused for case 1 in Rel-17.
For case 2, in Rel-16, one CORESET is indicated with only one TCI states. If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint containing two different TCI states. 
For the Rel-17 enhanced PDCCH transmission, a PDCCH can be indicated with a TCI codepoint with two TCI states for M-TRP transmission schemes of SFN, FDM and TDM. For SFN scheme, one CORESET can be associated with two TCI states. For PDCCH with FDM or TDM M-TRP repetition scheme, two search space sets from two CORESETs can be linked by RRC signaling for M-TRP transmission. Compared to selecting the lowest TCI codepoint corresponding to two TCI states, the channel property of a SFN-ed PDCCH containing two TCI states is more likely to be closer to SFN-ed PDSCH. So if a UE is configured with enableTwoDefaultTCI-States, the following scheme can be considered:
· If there is any CORESET associated with two TCI states, UE applies the QCL assumption of the CORESET with the lowest controlResourceSetId that associated with two TCI states in the latest slot when receiving the PDSCH.
· Else if there is any CORESET that is associated with another CORESET in the same slot for PDCCH repetition transmission, UE applies the QCL assumption of both the CORESET with lowest ID in the latest slot and its associated CORESET when receiving the PDSCH.
· Else the UE may assume that TCI states of PDSCH are associated with the lowest TCI codepoint among the TCI codepoints containing two different TCI states.
In Rel-16, if a UE is not configured with enableTwoDefaultTCI-States, the UE assumes that PDSCH is QCL-ed with the lowest controlResourceSetId in the latest slot. Since in Rel-17 enhanced PDCCH transmission, the CORESET with the lowest controlResourceSetId could be associated with two TCI states, UE has to know that to which TCI state PDSCH is associated. There are 4 alternatives for this case:
· Alt 1: It is up to gNB’s implementation on whether the CORESET with the lowest ID in the latest slot is associated with one or two TCI states. If the CORESET with the lowest ID in the latest slot is associated with two TCI states, it is up to UE’s implementation on which TCI state the PDSCH is associated to.
· Alt 2：The CORESET with the lowest ID in the latest slot is expected to be only associated with one TCI state.
· Alt 3: UE applies the QCL assumption of the lowest ID CORESET that has only one TCI state in the latest slot.
· Alt 4: If the CORESET with the lowest ID in the latest slot is associated to one TCI state, UE applies the QCL assumption of this CORESET; otherwise, if the CORESET with the lowest ID in the latest slot is associated to two TCI state, UE applies the first TCI state of the CORESET. 
Since Alt 1 cannot guarantee the performances of reception beams and Alt 2 makes a big restriction on gNB scheduling, Alt 3 and Alt 4 are more preferred for Rel-17. 
Proposal 3: For the default beams of a PDSCH with scheme 1,
· When the time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold ‘timeDurationForQCL’, and a UE is configured with ‘enableTwoDefaultTCI-States’, the following scheme is supported:
· If there is any CORESET associated with two TCI states, UE applies the QCL assumption of the CORESET with the lowest controlResourceSetId that associated with two TCI states in the latest slot when receiving the PDSCH.
· Else if there is any CORESET that is associated with another CORESET in the same slot for PDCCH repetition transmission, UE applies the QCL assumption of both the CORESET with lowest ID in the latest slot and its associated CORESET when receiving the PDSCH.
· Else the UE may assume that TCI states of PDSCH are associated with the lowest TCI codepoint among the TCI codepoints containing two different TCI states.
· When the time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold ‘timeDurationForQCL’, and a UE is not configured with ‘enableTwoDefaultTCI-States’, one of the following schemes is supported:
· Alt 3: UE applies the QCL assumption of the lowest ID CORESET that has only one TCI state in the latest slot.
· Alt 4: If the CORESET with the lowest ID in the latest slot is associated to one TCI state, UE applies the QCL assumption of this CORESET; otherwise, if the CORESET with the lowest ID in the latest slot is associated to two TCI state, UE applies the first TCI state of the CORESET. 

For case 3 in Rel-16, the PDSCH follows the TCI state of the scheduling CORESET regardless of the UE capability on number of default reception beams. In Rel-17, it may not works when the CORESET scheduling PDSCH is associated with two TCI states, but UE is not capable of two default beam for PDSCH. For the default TCI states for PDSCH in case 3, the following scheme can be considered:
· If a UE is configured with ‘enableTwoDefaultTCI-States’, UE applies the QCL assumption of the CORESET that schedules the PDSCH when receiving the PDSCH the CORESET.
· If a UE is not configured with ‘enableTwoDefaultTCI-States’ and the CORESET that schedules the PDSCH is associated with two TCI states, UE applies the first TCI state of the CORESET when receiving the PDSCH.
Proposal 4: 
· When the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold ’timeDurationForQCL’ but there is no TCI field in the DCI scheduling PDSCH, the following scheme on QCL assumption for PDSCH with scheme 1 is considered:
· If a UE is configured with ‘enableTwoDefaultTCI-States’, UE applies the QCL assumption of the CORESET that schedules the PDSCH when receiving the PDSCH.
· If a UE is not configured with ‘enableTwoDefaultTCI-States’ and the CORESET that schedules the PDSCH is associated with two TCI states, UE applies the first TCI state of the CORESET when receiving the PDSCH.

Default TCI states for A-CSI RS
In Rel-16, UE determines the QCL assumption of an A-CSI RS based on RRC configuration of enableTwoDefaultTCI-States and the value of the time offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in a NZP-CSI-RS-ResourceSet configured. When the time offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info is less than the UE reported threshold beamSwitchTiming, the default TCI state for A-CSI RS is determined by the following schemes:
· [bookmark: OLE_LINK17][bookmark: OLE_LINK18]If the UE is configured with enableTwoDefaultTCIStates and at least one TCI codepoint is mapped to two TCI states,
· If there is any other DL signal in the same symbols as the A CSI-RS, UE applies the QCL assumption of this DL signal when receiving the A CSI-RS. The other DL signal refers to PDSCH or other aperiodic CSI-RS scheduled with offset equal or larger than the corresponding threshold, periodic CSI-RS, semi-persistent CSI-RS. If there is a PDSCH indicated with two TCI states, the UE applies the first TCI state of the two TCI states when receiving the aperiodic CSI-RS.
· Else if there is any PDSCH in the same symbols as the A CSI-RS and the time offset between PDSCH and DL DCI scheduling PDSCH is less than timeDurationForQCL, UE applies the first TCI state of the lowest TCI codepoint that containing two TCI states.
· Else if there is any other DL signal in the same symbols as the A CSI-RS, UE applies the QCL assumption of this PDSCH when receiving the A CSI-RS. The other DL signal refers to PDSCH or other aperiodic CSI-RS scheduled with offset equal or larger than the corresponding threshold, periodic CSI-RS, semi-persistent CSI-RS.
· Else if at least one CORESET is configured for the BWP in which the aperiodic CSI-RS is received, when receiving the aperiodic CSI-RS, the UE applies the QCL assumption used for 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.
In Rel-17, both PDSCH and PDCCH can be indicated with two TCI states in SFN schemes. For the cases in Rel-16 that the default beam of CSI-RS is determined by the TCI states/QCL assumption of a PDSCH or CORESET, enhancement maybe needed in Rel-17.
Proposal 5: 
· Enhancements on default beam for AP-CSI RS is supported in Rel-17, the following cases can be considered:
· the cases in Rel-16 that the default beam of a AP-CSI RS is determined by the TCI states/QCL assumption of a PDSCH or CORESET.
M-TRP scheme identification
It was agreed in RAN1 #104 e-meeting that semi-static (RRC based) switching of scheme 1 (PDSCH) with M-TRP 2a, 2b, 3, 4 is supported. There is no agreement on solutions for switching of scheme 1 (PDSCH) and SDM 1a.
In Rel-16, a PDSCH can be indicated with a TCI codepoint with two TCI states for M-TRP transmission schemes of SDM 1a, FDM 2a, FDM 2b, TDM 3, and TDM 4. For SDM 1a, two DMRS ports within two different CDM groups are indicated, and the two DMRS ports are associated with two TCI states respectively. For FDM 2a, FDM 2b, TDM 3, and TDM 4, each DMRS port is associated with two TCI states and the DMRS ports are within the same CDM group when multiple DMRS ports are indicated. For scheme differentiation, FDM 2a, FDM 2b, and TDM 3 are identified by RRC parameter RepetitionScheme explicitly. TDM 4 is identified when the TDRA of DCI indicates an entry contains repetitionNumber-r16. SDM 1a is identified when the TDRA of DCI doesn’t indicate an entry contains repetitionNumber-r16 and a TCI codepoint with two TCI states is indicated and the DMRS port(s) within two CDM groups are indicated. 
In Rel-17, the following two alternatives for the switching of scheme 1 (PDSCH) with 1a need to be discussed in this meeting:
· [bookmark: _Hlk59658827]Alt 1: Dynamic (DCI based) switching between scheme 1 (PDSCH) and SDM 1a 
· Alt 2: Semi-static (RRC based) switching between scheme 1 (PDSCH) and SDM 1a 
For Alt 1, there is no difference between scheme 1 and SDM 1a in RRC configuration. So if all the DMRS ports of the PDSCH can be restricted within the same CDM group for scheme 1 Alt 1 can be achieved without extra DCI overhead. In case, the procedure of M-TRP transmission schemes identification can be as follows:
· If a TCI codepoint associated with 2 TCI states is indicated and DMRS port(s) of PDSCH are within one CDM group, the PDSCH is transmitted with the scheme 1 of HST scenario in Rel-17；
· If a TCI codepoint associated with 2 TCI states is indicated and DMRS port(s) of PDSCH are within two CDM group, the PDSCH is transmitted with SDM 1a.
For Alt 1, the PDSCH is transmitted with no more than 4 layers with the enhanced scheme of HST scenario. 
For Alt 2, scheme 1 can be differentiated from SDM 1a by RRC signaling. So scheme 1 is enabled if a RRC parameter such as ‘SDMSchemeA’ is indicated and a TCI codepoint associated with 2 TCI state is indicated. The procedure of M-TRP transmission schemes identification is as follows:
· If RepetitionScheme is set to SDMSchemeA and a TCI codepoint associated with 2 TCI states is indicated, the PDSCH is SFN-ed transmitted with the scheme 1 of HST scenario in Rel-17; 
· If the TDRA of DCI doesn’t indicate an entry contains repetitionNumber-r16 and a TCI codepoint associated with 2 TCI states is indicated and DMRS port(s) of PDSCH are within two CDM group, the PDSCH is transmitted with SDM 1a.
Alt 2 is slightly preferred for Rel-17 HST-SFN deployment scenario.
Proposal 6: 
· For the identification of the enhanced transmission scheme in HST scenario for PDSCH, dynamic (DCI based) switching of scheme 1 (PDSCH) and SDM 1a is supported.
· For scheme 1, all DMRS ports are expected to be within one CDM group.
3. Enhancements with frequency offset pre-compensation
It was agreed in RAN1 #102 e-meeting that the following three steps can be assumed for frequency offset pre-compensation schemes:
· 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
In RAN1 #103 e-meeting, the following agreement on QCL assumption for HST-SFN scenario was achieved:
	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)
· [bookmark: _Hlk59662818]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


In this section, we provide our views on the transmission schemes with frequency offset pre-compensation. For simplicity, we present the transmission schemes with PDSCH under the scenario with 2 TRPs as example. Note that the schemes discussed in this section apply to both PDCCH and PDSCH, and the transmission schemes can be extended to the scenarios with multiple TRPs.
The following two options were listed to be considered for frequency offset pre-compensation:
· Option 1: Explicit reporting of the Doppler shift(s) acquired in the 1st step using CSI framework; 
· Option 2: Implicit indication of the Doppler shift(s) using uplink signal(s) transmitted on the carrier frequency acquired in the 1st step;
Although the Doppler spread for PDSCH/DMRS can be eliminated by option 1, the overhead for CSI reporting and the design of CSI reporting are needed and UE-specific TRS resource(s) with frequency offset pre-compensation may be needed in the 3rd step for PDSCH/DMRS channel estimation. Hence option 1 is not preferred.
There are 2 alternatives for option 2:
· Alt 1: In the 2nd step, multiple SRS resources are transmitted and each SRS resource is transmitted on the carrier frequency acquired by a corresponding TRS in the 1st step. The TRS is transmitted in TRP-specific/non-SFN manner.
· Alt 2: In the 2nd step, one SRS is transmitted on a carrier frequency acquired by any TRS transmitted in the 1st step.
The procedure of Alt 1 is provided in Fig. 1, with
· 1st Step: 2 TRP-specific TRS resources are transmitted at fc without frequency offset pre-compensation, where fc is the DL center frequency determined by gNB;
2nd Step: 2 SRS resources are transmitted according to the carrier frequency acquired in the 1st step respectively, i.e. SRS 1 is transmitted at fc+f1+fUL-DL and SRS 2 is transmitted at fc+f2+fUL-DL, where f1, and f2 are Doppler shifts from TRP 1 and TRP 2 respectively, and fUL-DL is the frequency offset between DL carrier and UL carrier and it is indicated by gNB.
· 3rd Step: PDSCH/DMRS/TRS is SFN-ed transmitted from the two TRPs with frequency offset pre-compensation of f1 and f2 respectively.
In the 3rd step, the frequency offset pre-compensation for each TRP is determined as a half of frequency difference of the SRS corresponding to the TRP and the configured UL carrier frequency. 
[image: ]
Figure 1 Procedure of Alt 1, option 2
Although the above procedure can eliminate the Doppler spread for PDSCH/DMRS, it has the following drawbacks:
· UE-specific & TRP-specific SRS resources are needed;
· Multiple UL signals with different carrier frequency may cause inter-subcarrier interference among UL signals, which would damage the UL performance;
· UE-specific TRS resource(s) with frequency offset pre-compensation may be needed in the 3rd step for PDSCH/DMRS channel estimation;
· A QCL-like association relationship between UL RS in the 2nd step and DL RS in the 1st step is needed.
Based on whether the TRS resource(s) transmitted in the 3rd step is frequency offset pre-compensated or not, the following two schemes can be considered for Alt 2, Option 2:
· Scheme 1: The TRS resources transmitted in the 3rd step are frequency offset pre-compensated;
· Scheme 2: The TRS resources transmitted in the 3rd step are not frequency offset pre-compensated;
For scheme 1, we consider the following schemes:
· Scheme 1-1: SFN-ed DMRS /TRS transmission with UE-specific frequency pre-compensation applied in each TRP in the 3rd step.
[image: ]
Figure 2 Procedure of scheme 1-1
Scheme 1-1 can be seen as Rel-15 SFN-ed transmission scheme + UE-specific frequency offset pre-compensation. A possible transmission procedure for scheme 1-1 is shown in Fig. 2, with
· 1st Step: TRS resource(s) are transmitted at fc without frequency offset pre-compensation, where fc is the DL center frequency determined by gNB;
· 2nd Step: 1 SRS resource is transmitted according to the carrier frequency determine by UE. Whether the carrier frequency of the SRS resource is acquired in the 1st step or not is up to UE’s implementation. 
We assume that the SRS resource in this step is transmitted at frequency fc+∆f+ fUL-DL, where ∆f is the frequency difference of the DL center frequency determined by the UE and fc, fUL-DL is the frequency offset between DL carrier and UL carrier and it is indicated by gNB.
· 3rd Step: PDSCH/DMRS/TRS are SFN-ed transmitted from the two TRPs with frequency offset pre-compensation of f and f+f1-f2 respectively, where fis a frequency determined by gNB.
For this scheme, gNB estimates Doppler shifts for each TRP with the SRS transmission, and determines the pre-compensation frequency values for each TRP accordingly. The transmission frequency of the SRS can be the UL carrier frequency that determined by UE according to any downlink signals. In particular, if f=, i.e. there is no frequency offset pre-compensation for TRP1, the reception frequency of PDSCH/DMRS/TRS would be fc+f1.
Scheme 1-1 can eliminate the Doppler spread for PDSCH/DMRS. However, it requires UE-specific TRS resources and UE-specific SRS resource(s), which cause large overhead and is not expected.
· Scheme 1-2: SFN-ed DMRS/TRS transmission with UE-group common frequency pre-compensation applied in each TRP in the 3rd step.
The procedure of scheme 1-2 is the same as scheme 1-1 except that UE-group common frequency offset pre-compensation is used instead of the UE-specific frequency offset pre-compensation. So scheme 1-2 can be seen as Rel-15 SFN-ed transmission scheme + UE-group common frequency offset pre-compensation.
A possible transmission procedure for scheme 1-2 is shown in Fig. 3:
· 1st Step: TRS resource(s) are transmitted at fc without pre-compensation, where fc is the DL center frequency determined by gNB;
· 2nd Step: An SRS resource is transmitted according to the carrier frequency determine by a reference UE. Whether the carrier frequency of the SRS resource is acquired in the 1st step or not is up to UE’s implementation. 
We assume that the SRS resource in this step is transmitted at frequency fc+fRUE + fUL-DL, where fRUE is the frequency difference of the DL center frequency determined by the reference UE and fc, fUL-DL is the frequency offset between DL carrier and UL carrier and it is indicated by gNB.
· 3rd Step: PDSCH/DMRS/TRS are SFN-ed transmitted from the two TRPs with frequency offset pre-compensation of f and f+ f1,RUE-f2,RUE respectively, where fis a frequency determined by gNB.

[image: ]
Figure 3 Procedure of scheme 1-2
For scheme 1-2, gNB estimates Doppler shifts for each TRP with the SRS of a reference UE and determines the pre-compensation frequency values for each TRP accordingly. Assuming that for the reference UE, the frequency difference of the DL center frequency determined by the UE and fc is fRUE, the Doppler shifts of TRP 1 and TRP 2 without Doppler pre-compensation are f1,RUE and f2,RUE respectively; and for a target UE, the frequency difference of the DL center frequency determined by the UE and fc is f, the Doppler shifts of TRP 1 and TRP 2 without Doppler pre-compensation are f1 and f2 respectively. Then the reception frequency of the SRS transmitted by the reference UE is fc+f+ fUL-DL +f1,RUE in TRP 1 and fc+f+fUL-DL+f2,RUE in TRP 2. If the pre-compensation frequency value is f in TRP 1 and f+f1,RUE-f2,RUE in TRP 2, the reception frequency of PDSCH/DMRS/TRS transmitted to the target UE would be fc+f+f1 for TRP 1 and fc+f+f1+f1,RUE-f2,RUE for TRP 2 respectively. In particular, if f=fRUE, the reception frequency of PDSCH/DMRS/TRS transmitted to the target UE would be fc+fRUE+f1 for TRP 1 and fc+fRUE+f2+f1,RUE-f2,RUE for TRP 2 respectively. Then compared to the DL frequency fc+f that locked by the target UE, the Doppler shift of TRP 1 is fRUE+f1-f and the Doppler shift of TRP 2 is fRUE-f +f2+f1,RUE-f2,RUE, i.e. there is still Doppler spread of the target UE. gNB estimates Doppler shifts for each TRP with the SRS resource, and determines the pre-compensation frequency values for each TRP accordingly. In particular, if f=, the reception frequency of PDSCH/DMRS/TRS from TRP 1 would be fc+f1, and the reception frequency of PDSCH/DMRS/TRS from TRP 2 would be fc+f2+f1,RUE-f2,RUE.
For scheme 1-2, the differences of the Doppler shifts among different TRPs are reduced and UE-specific TRS resource is not needed. However, since the pre-compensation frequency value is determined by the SRS of a reference UE, the Doppler spread for PDSCH cannot be well eliminated.
· Scheme 1-3: SFN-ed DMRS transmission and TRP-specific TRS transmission in the 3rd step, with UE-specific frequency pre-compensation applied in each TRP.
The procedure of scheme 1-3 is the same as scheme 1-1, except that TRP-specific TRS resources are transmitted in the 3rd step in scheme 1-3. 
Scheme 1-3 can be seen as scheme 1 in section 2 + UE-specific frequency offset pre-compensation. Fig. 4 shows a possible transmission procedure for scheme 1-3, where:
· 1st Step: TRS resource(s) are transmitted at fc without pre-compensation, where fc is the DL center frequency determined by gNB;
· 2nd Step: 1 SRS resource is transmitted according to the carrier frequency determine by UE. Whether the carrier frequency of the SRS resource is acquired in the 1st step or not is up to UE’s implementation. 
We assume that the SRS resource in this step is transmitted at frequency fc+∆f+ fUL-DL, where fc is the DL center frequency determined by gNB, ∆f is the frequency difference of the DL center frequency determined by the UE and fc, fUL-DL is the frequency offset between DL carrier and UL carrier and it is indicated by gNB.
· 3rd Step: PDSCH/DMRS are SFN-ed transmitted from the two TRPs with frequency offset pre-compensation of f and f+f1-f2 respectively, 2 TRS resources are transmitted from the two TRPs with frequency offset pre-compensation of f and f+f1-f2 respectively, where fis a frequency determined by gNB.
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[bookmark: _Hlk54207805]Figure 4 Procedure of scheme 1-3
For scheme 1-3, gNB estimates Doppler shifts for each TRP with the SRS resource, and determines the pre-compensation frequency values for each TRP accordingly. In particular, if f=, the reception frequency of PDSCH/DMRS/TRS would be fc+f1.
Similar as scheme 1-1, the Doppler spread for PDSCH/DMRS can be eliminated by scheme 1-3, and UE-specific TRS resources is required in the 3rd step. 
· Scheme 1-4: SFN-ed DMRS transmission and TRP-specific TRS transmission in the 3rd step, with UE-group common frequency pre-compensation applied in each TRP.
The procedure of scheme 1-4 is the same as scheme 1-2 except that TRP-specific TRS is transmitted in the 3rd step in scheme 1-4. Compared to scheme 1-3, in the 3rd step of scheme 1-4, UE-group common frequency offset pre-compensation is used instead of UE-specific frequency offset pre-compensation, so scheme 1-4 can be seen as scheme 1 in section 2 + UE-group common frequency offset pre-compensation.
In scheme 1-3 and scheme 1-4, two TRP-specific TRS resources are transmitted and they are frequency pre-compensated with same frequencies as that for PDSCH/DMRS, therefore the Doppler profile and delay profile of the channel of PDSCH can be estimated by the TRS resources, and QCL assumption variant E can be used, i.e., the same DMRS port(s) are associated with two TCI states, where both TCI states can be associated with QCL-TypeA.
UE-specific TRS requires large TRS overhead in the system, so scheme 1-1 and scheme 1-3 might not be good solutions in practice. Since scheme 1-2 can be seen as Rel-15 SFN-ed transmission scheme + UE-group common frequency pre-compensation and scheme 1-4 can be seen as Rel-17 enhanced transmission scheme in section 2 + UE-group common frequency pre-compensation, whether frequency pre-compensation is used is up to gNB’s implementation.
In scheme 2, TRS resources are not frequency pre-compensated, therefore UE-specific TRS transmission is not needed. The following alternatives can be considered for scheme 2:
[bookmark: _Hlk54209335]Scheme 2-1: DMRS is SFN-ed transmitted from all TRPs with UE-specific frequency pre-compensation in each TRP; one TRS is transmitted from a reference TRP for Doppler properties estimation, and another TRS is SFN-ed transmitted for delay properties estimation, both TRS resources are transmitted without frequency offset pre-compensation.
Fig. 5 shows a possible transmission procedure for frequency offset pre-compensation scheme 2-1:
· 1st Step: One TRS resource is transmitted from a reference TRP, and another TRS is SFN-ed transmitted from all TRPs. all TRS resources are transmitted without frequency offset pre-compensation at fc, where fc is the DL center frequency determined by gNB;
· 2nd Step: 1 SRS resource is transmitted according to the carrier frequency determine by UE. Whether the carrier frequency of the SRS resource is acquired in the 1st step or not is up to UE’s implementation. 
We assume that the SRS resource in this step is transmitted at frequency fc+∆f+ fUL-DL, where fc is the DL center frequency determined by gNB, ∆f is the frequency difference of the DL center frequency determined by the UE and fc, fUL-DL is the frequency offset between DL carrier and UL carrier and it is indicated by gNB.
· 3rd Step: PDSCH/DMRS are SFN-ed transmitted from the two TRPs with frequency offset pre-compensation of 0 and f1-f2, respectively. 
For this scheme, one TRS for Doppler properties estimation and one TRS for delay properties estimation are configured for PDSCH/PDCCH. 
QCL assumption variant B can be considered for scheme 2-1, i.e. the same DMRS port(s) are associated with two TCI states, where one of the TCI state is associated with {average delay, delay spread} and another TCI state is associated with QCL-TypeB.
Variant C assumes that one TCI state is associated with {delay spread} and another TCI state is associated with QCL-Type B. In our opinion, the TRS that SFN-ed transmitted for delay spread estimation also can be used for average delay estimation, introduce a new QCL type only with delay spread is not preferred. 
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Figure 5 Procedure of scheme 2-1
· Scheme 2-2: DMRS is SFN-ed transmitted from all TRPs with UE-specific frequency offset pre-compensation in each TRP; one TRS is transmitted from a reference TRP for Doppler properties estimation and another TRS is transmitted from the other TRP, both TRS resources are transmitted without frequency offset pre-compensation and are used for delay properties estimation.
Fig. 6 shows a possible transmission procedure for frequency offset pre-compensation scheme 2-2:
· 1st Step: One TRS resource is transmitted from a reference TRP, and another TRS is transmitted from other TRP, all TRS are transmitted without frequency offset pre-compensation at fc, where fc is the DL center frequency determined by gNB;
· 2nd Step: 1 SRS resource is transmitted according to the carrier frequency determine by UE. Whether the carrier frequency of the SRS resource is acquired in the 1st step or not is up to UE’s implementation. 
We assume that the SRS resource in this step is transmitted at frequency fc+∆f+ fUL-DL, where fc is the DL center frequency determined by gNB, ∆f is the frequency difference of the DL center frequency determined by the UE and fc, fUL-DL is the frequency offset between DL carrier and UL carrier and it is indicated by gNB.
· 3rd Step: PDSCH/DMRS are SFN-ed transmitted from the two TRPs with frequency offset pre-compensation of 0 and f1-f2 respectively.
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Figure 6 Procedure of scheme 2-2
The difference of scheme 2-2 and scheme 2-1 is that 2 TRP-specific TRS resources are used for delay properties estimation in the 3rd step for scheme 2-2. For scheme 2-2, if the transmit frequency of UL RS is up to UE’s implementation, a residual Doppler shift may be observed by UE. The advantages and disadvantages of scheme 2-2 are similar as scheme 2-1. 
QCL assumption variant A can be considered for scheme 2-2, i.e. the same DMRS port(s) are associated with two TCI states, where one of the TCI state is associated with {average delay, delay spread} and another TCI state with QCL-TypeA.
QCL assumption variant E also can be considered for scheme 2-2, i.e. the same DMRS port(s) are associated with two TCI states, where both TCI states are associated with QCL-TypeA. If Variant E is adopted, Doppler shift and Doppler spread in one TCI state should be omitted according to a rule. For example, Doppler shift and Doppler spread in the second TCI state is omitted.
Fig. 7 and Fig. 8 provide the performance comparison of different schemes when UE is located in the middle of 4 TRPs. And in Fig. 8, the simulation results with CFO=0.05ppm in each TRP and Doppler shift adjustment delay of 128ms due to the periodicity of SRS transmission in each pre-compensation scheme are provided. In the evaluations, 4 TRPs are assumed and PDSCH/DMRS is SFN-ed transmitted from 4 TRPs. Since up to 2 TCI states are supported, we assume that for the enhanced scheme 1 in section 2 without frequency offset pre-compensation, pre-compensation scheme 1-3, 1-4 and 2-2, TRS 1 is SFN-ed transmitted from the 2 TRPs in front of the train and TRS 2 is SFN-ed transmitted from the 2 TRPs behind the train; in pre-compensation scheme 2-1, TRS 1 is SFN-ed transmitted from the 2 TRPs in front of the train, TRS 2 is SFN-ed transmitted from the 4 TRPs. More simulation assumptions can be found in Table I in the Appendix, and more simulation results can be found in [2]. 
The following observations can be obtained from the simulation results that:
· Compared to Rel-15 SFN-ed PDSCH transmission scheme, obvious performance gain can be achieved by the solutions with frequency offset pre-compensation;
· The performance of the schemes of scheme 1 in section 2 + frequency offset pre-compensation (pre-compensation scheme 1-3 and 1-4) outperforms the performance of the scheme 1 in section 2 without frequency offset pre-compensation;
· The performance of pre-compensation schemes with PDSCH transmitted with UE-specific frequency offset pre-compensated (pre-compensation scheme 1-1, 1-3, 2-1 and 2-2) outperforms the performance of pre-compensation schemes with PDSCH transmitted with UE-group common frequency offset pre-compensated (pre-compensation scheme 1-2 and 1-4).
When CFO and Doppler shift adjustment delay are not considered, 
· Similar performance can be achieved by pre-compensation schemes with PDSCH transmitted with UE-specific frequency offset pre-compensation schemes (pre-compensation scheme 1-1, 1-3, 2-1 and 2-2);
· All the UE-specific frequency offset pre-compensation schemes (pre-compensation scheme 1-1, 1-3, 2-1 and 2-2) outperforms scheme 1 in section 2.
When CFO and Doppler shift adjustment delay in pre-compensation schemes are considered,
· Similar performance can be achieved by pre-compensation scheme 1-1, 2-1 and 2-2, and their performance is worse than that of pre-compensation scheme 1-3 and 1-4 and scheme 1 in section 2. That’s because when CFO in each TRP and Doppler shift adjustment delay are considered, the Doppler profile cannot be well eliminated for schemes with frequency offset pre-compensation. The performance of schemes with one TRS for Doppler profile estimation would be worse than the schemes with multiple TRS resources for Doppler profile estimation. 
  [image: ]
Figure 7 Performance comparisons of different schemes without CFO and delay in each TRP
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Figure 8 Performance comparisons of different schemes with Delay = 128ms and CFO = 0.05ppm in each TRP
Based the above observations, frequency pre-compensation schemes are preferred to be supported for HST-SFN deployment. Delay of the Doppler shift adjustment doesn’t impact the performance of Alt 1-3 and Alt 1-4. In our simulation with Doppler shift adjustment delay of 128ms, scheme 1-3 outperforms option 2-1 and option 2-2. If smaller delay is considered (i.e. more frequently SRS transmission), the performance of scheme 2-1 and 2-2 would be improved and the gap between the performances of scheme 1-3 and scheme 2-/2-1 would be reduced. Besides, scheme 1-3 requires UE-specific frequency pre-compensated TRS resources. This may lead to large TRS overhead in the system. Although compared to scheme 1-3, less overhead of TRS is needed in scheme 1-4, UE-group common frequency pre-compensation is needed in scheme 1-4, UE’s performance may not be guaranteed, especially when there are multiple trains to be served by same TRPs. Since scheme 2-1 and 2-2 can achieve significantly performance gain compared to Rel-15 SFN-ed transmission scheme and they don’t require UE-specific TRS transmission or UE-group common frequency offset pre-compensation, scheme 2-1 and 2-2are more preferred.
According our simulation results, it can be seen that significant performance gain can be achieved by using uplink signal(s) transmitted on the carrier frequency acquired in the 1st step. Moreover, the overhead for CSI reporting and overhead of TRS of implicit Doppler shift reporting may be less than explicit Doppler shift reporting. Hence implicit Doppler shift reporting is preferred.

Based on the analysis and the simulation results, we have
[bookmark: _GoBack]Proposal 7: 
· For the enhanced transmission scheme with frequency pre-compensation, 
· Explicit reporting of the Doppler shift(s) acquired in the 1st step is not supported;
· Scheme 2-1 or scheme 2-2 is supported: 
· Variant A or Variant B of TCI states indication for PDCCH/PDSCH is supported, and each TCI state can be associated with QCL-Type D optionally.
For the proposed schemes, gNB would choose one TRP as a reference TRP for frequency pre-compensation. It is obvious that best performance would be achieved if UE tracks the DL frequency of the carrier based on the signal from the reference TRP. In order to have the best performance, UE can be indicated with which TRS is used for DL frequency tracking/which TRP is used as the reference TRP explicitly or implicitly. In Rel-16, it’s up to UE’s implementation on how to track DL frequency. In general, for the initial access procedure, UE would track DL frequency by SSB. Then UE can track DL frequency by TRS or DMRS up to its implementation. Indicating UE which DL signal is used for DL frequency tracking is a big restriction on UE’s behavior, and its influence is not clear. We prefer not to indicate UE which DL signal is used for DL frequency tracking. UE can track DL frequency based on the TRS used for Doppler shift estimation.
Since PDSCH/PDCCH and its associated DMRS is not frequency offset pre-compensated in the reference TRP, and the pre-compensated frequency in the other TRP(s) is determined based on the difference of Doppler shift that estimated by the TRP(s) and the reference TRP. The SRS for Doppler shift estimation is transmitted in which frequency is not important. Association of DL and UL signals is not needed for HST-SFN scenario with frequency pre-compensation.
Proposal 8: 
· For the enhanced transmission scheme with frequency pre-compensation, 
· The indication on which RS is used for DL frequency tracking is not needed;
· Association of DL and UL signals is not needed.
4. Conclusions
In this contribution, we provide our views on the enhancement for Rel-17 HST-SFN deployment scenarios. We have the following observations and proposals:	
Observation 1:
A new definition on QCL association relationship of one antenna port and one antenna port group is needed in Rel-17.
Proposal 1: 
· A new definition on QCL association relationship of one antenna port and one antenna port group is introduced. 
· E.g. Antenna port x and antenna port group Y are said to be quasi co-located if the large-scale properties of the channel over which a symbol on antenna port x is conveyed can be inferred from the combination of channels over which the symbols on the antenna ports of the antenna port group y is conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, average delay, and spatial Rx parameters.
Proposal 2: 
· For PDSCH and PDCCH transmission scheme enhancement in HST scenario for Rel-17,
· At least the same QCL types and QCL source RS resource types for each TCI state as that in Rel-16 are supported.
Proposal 3: For the default beams of a PDSCH with scheme 1,
· When the time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold ‘timeDurationForQCL’, and a UE is configured with ‘enableTwoDefaultTCI-States’, the following scheme is supported:
· If there is any CORESET associated with two TCI states, UE applies the QCL assumption of the CORESET with the lowest controlResourceSetId that associated with two TCI states in the latest slot when receiving the PDSCH.
· Else if there is any CORESET that is associated with another CORESET in the same slot for PDCCH repetition transmission, UE applies the QCL assumption of both the CORESET with lowest ID in the latest slot and its associated CORESET when receiving the PDSCH.
· Else the UE may assume that TCI states of PDSCH are associated with the lowest TCI codepoint among the TCI codepoints containing two different TCI states.
· When the time offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold ‘timeDurationForQCL’, and a UE is not configured with ‘enableTwoDefaultTCI-States’, one of the following schemes is supported:
· Alt 3: UE applies the QCL assumption of the lowest ID CORESET that has only one TCI state in the latest slot.
· Alt 4: If the CORESET with the lowest ID in the latest slot is associated to one TCI state, UE applies the QCL assumption of this CORESET; otherwise, if the CORESET with the lowest ID in the latest slot is associated to two TCI state, UE applies the first TCI state of the CORESET. 
Proposal 4: 
· When the time offset between the reception of the DL DCI and the corresponding PDSCH is equal or larger than the threshold ’timeDurationForQCL’ but there is no TCI field in the DCI scheduling PDSCH, the following scheme on QCL assumption for PDSCH with scheme 1 is considered:
· If a UE is configured with ‘enableTwoDefaultTCI-States’, UE applies the QCL assumption of the CORESET that schedules the PDSCH when receiving the PDSCH.
· If a UE is not configured with ‘enableTwoDefaultTCI-States’ and the CORESET that schedules the PDSCH is associated with two TCI states, UE applies the first TCI state of the CORESET when receiving the PDSCH.
Proposal 5: 
· Enhancements on default beam for AP-CSI RS is supported in Rel-17, the following cases can be considered:
· the cases in Rel-16 that the default beam of a AP-CSI RS is determined by the TCI states/QCL assumption of a PDSCH or CORESET.
Proposal 6: 
· For the identification of the enhanced transmission scheme in HST scenario for PDSCH, dynamic (DCI based) switching of scheme 1 (PDSCH) and SDM 1a is supported.
· For scheme 1, all DMRS ports are expected to be within one CDM group.
Proposal 7: 
· For the enhanced transmission scheme with frequency pre-compensation, 
· Explicit reporting of the Doppler shift(s) acquired in the 1st step is not supported;
· Scheme 2-1 or scheme 2-2 is supported: 
· Variant A or Variant B of TCI states indication for PDCCH/PDSCH is supported, and each TCI state can be associated with QCL-Type D optionally.
Proposal 8: 
· For the enhanced transmission scheme with frequency pre-compensation, 
· The indication on which RS is used for DL frequency tracking is not needed;
· Association of DL and UL signals is not needed.
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6. Appendix
Table-I Link level simulation assumptions for HST-SFN
	Parameter
	Value

	Propagation condition
	4-tap channel model

	TRP layout
	Ds=700m, Dmin=150m

	Carrier frequency
	3.5 GHz

	Speed
	500 km/h

	BW
	20 MHz

	SCS
	30 KHz

	Number of RBs for PDSCH
	50 PRBs

	Duplexing 
	TDD

	TDD pattern
	DDDDDDDSUU

	gNB antenna configuration
	2Tx

	UE antenna configuration
	2Tx

	DMRS configuration
	DMRS type 1, 1+1+1

	TRS configuration
	Periodic of 10ms, 2-slot pattern

	MCS
	MCS 13 based on 64QAM table

	Rank
	Rank 1
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