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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 #102 e-meeting, the following agreements on DL transmission schemes and TRP-based frequency offset pre-compensation schemes for HST-SFN deployment were achieved:
	Agreement
For the discussion purpose consider the following categorization of the enhanced DL transmission schemes
· Scheme 1: 
· TRS is transmitted in TRP-specific / non-SFN manner
· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner
· Scheme 2: 
· TRS and DM-RS are transmitted in TRP-specific / non-SFN manner
· PDSCH from TRPs is transmitted in SFN manner

Agreement
Study the following aspects of the enhanced transmission schemes:
· For scheme 1: 
· Target DL physical channels, i.e., PDSCH only or PDSCH + PDCCH
· Whether more than 2 QCL/TCI states are required and corresponding signaling details 
· Whether and how to indicate scheme 1 for differentiation with Rel-16 non-SFNed transmission schemes with multiple QCL/TCI states
· QCL relationship between TRS and DMRS ports
· Note: Other schemes/aspects are not precluded
· For scheme 2:
· Association of each MIMO layer of PDSCH to DM-RS antenna ports
· Whether more than 2 QCL/TCI states are required and corresponding signaling details
· Whether and how to indicate scheme 2 for differentiation with Rel-16 non-SFNed transmission schemes with multiple QCL/TCI states
· Note: Other schemes/aspects are not precluded

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


In this document, we share our views on the enhancements for HST-SFN deployment scenarios.
2. DL Transmission schemes
In HST-SFN deployment scenario, DL signals can be transmitted in SFN manner from multiple TRPs that deployed along the railways. 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.
In RAN1 #102 e-meeting, the following two enhanced DL transmission schemes were agreed to be studied:
· Scheme 1: 
· TRS is transmitted in TRP-specific / non-SFN manner
· DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner
· Scheme 2: 
· TRS and DM-RS are transmitted in TRP-specific / non-SFN manner
· PDSCH from TRPs is transmitted in SFN manner
For scheme 1, since both DM-RS and PDCCH/PDSCH are transmitted in SFN manner, the association relationship of layer to DM-RS antenna ports of PDSCH/PDCCH can be the same as that in Rel-15, i.e. the layers and DMRS ports are one-to-one mapped. The Doppler profiles of the channel of a DMRS port can be inferred from the combined channel of multiple TRS ports that transmitted in TRP-specific/non-SFN manner and the performance of channel estimation can be improved. Figure 1 shows the performance comparison of scheme 1 and the Rel-15 transmission schemes that all of PDSCH, DMRS and TRS are transmitted in SFN-ed manner, detail simulation assumptions and more results can be found in the corresponding contribution [2]. It can be seen from the evaluation results that compared to Rel-15 transmission scheme, significantly performance gain can be achieved by scheme 1.
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Figure 1 Performance of scheme 1
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 scheme 1, although large-scale properties of the channel of a DMRS port can be inferred from the combination of channels of the TRS ports, the large-scale properties of the channel of each TRS cannot be inferred from the channel of the DMRS port. Therefore, a definition on QCL association relationship of an antenna port and an antenna port group is needed. Then the TRS ports can be seen as QCL assumptions for the DMRS port in scheme 1. 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 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.


Observation 1:
· A new definition on QCL association relationship of one antenna port and one antenna port group is needed for scheme 1.
Proposal 1: 
· If scheme 1 is adopted, 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.
In figure 1, performance comparison of 2 QCL assumptions for a DMRS port and 4 QCL assumptions for a DMRS port are also provided. For the case of 2 QCL assumptions for a DMRS port, we assume that two TRS resources are transmitted in the cell, where the first TRS is SFN-ed transmitted from TRPs with beam directed to the right of the track and the second TRS is SFN-ed transmitted from TRPs with beam directed to the left of the track. For the case of 4 QCL assumptions for a DMRS port, we assume that 4 TRS resources are transmitted from 4 TRP in TRP-specific manner. Figure 1 shows that the performance of 2 QCL assumptions and 4 QCL assumptions are similar. Since 2 QCL assumptions requires less TRS overhead and has less spec impact, more than 2 QCL assumptions is not expected.
Proposal 2: 
· For the enhancement on DL transmission scheme, more than 2 QCL/TCI states are not considered.
For scheme 2, since PDCCH/PDSCH is transmitted in SFN manner and DMRS ports are transmitted in TRP-specific/non-SFN manner, each PDCCH/PDSCH layer is mapped to multiple DMRS ports, and each DMRS port is associated with a QCL assumption (TRS). The Doppler properties of DMRS ports can be well estimated through the QCL assumptions, and the channel of PDCCH/PDSCH layer can be well estimated by the combination of channels of DMRS ports. From the perspective of channel estimation, the performance of scheme 2 will be no worse than scheme 1. However, the overhead of DMRS ports of scheme 2 is twice to that of scheme 1 when 2 QCL assumptions for PDCCH/PDSCH are assumed. Besides, for scheme 2, a new mapping of PDCCH/PDSCH layers to DMRS ports is needed, and whether current antenna port indication schemes are sufficient is doubtful.  
Another question on DL transmission scheme enhancement is whether the target DL physical channel is PDSCH only or PDSCH + PDCCH. Since PDCCH is mainly discussed in the session for enhancements on multi-TRP for channels other than PDSCH, PDSCH can be with higher priority in HST-SFN session.
Proposal 3: 
· For the enhancement of DL transmission schemes, PDSCH is with higher priority.
3. Enhancements on Doppler shift 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
The following two options were listed to be considered for frequency offset pre-compensation:
· Option 1: Implicit indication of the Doppler shift(s) using uplink signal(s) transmitted on the carrier frequency acquired in the 1st step
· Option 2: Explicit reporting of the Doppler shift(s) acquired in the 1st step using CSI framework
The procedure of option 2 is provided in figure 2, with:
· 1st Step: 2 TPR-specific TRS resources are transmitted at fc without frequency offset pre-compensation, where fc is the DL center frequency determined by gNB;
· 2nd Step: CSI that carries Doppler shifts of TRS resources(f1 is reported for TRP 1 and f2 is reported for TRP 2) in the 1st step is reported ; 
· 3rd Step: PDSCH/DMRS/TRS is SFN-ed transmitted from the two TRPs with frequency offset pre-compensation of f1 and f2, respectively.
where fc is the DL center frequency determined by gNB, fUL-DL is the frequency offset of DL carrier and UL carrier, f1 is the Doppler shift between TRP 1 and the UE, and f2 is the Doppler shift between TRP 2 and the UE. It can be seen from the procedure that the Doppler spread of PDSCH/DMRS is eliminated. 
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Figure 2 Procedure of option 2
The advantages and disadvantages of the above procedure are as follows:
· Pros:
· The Doppler spread for PDSCH/DMRS is eliminated.
· TRP-specific SRS resource is not needed.
· Cons:
· Overhead for CSI reporting and the design of CSI reporting are needed.
· UE-specific TRS resource(s) with frequency offset pre-compensation may be needed in the 3rd step for PDSCH/DMRS channel estimation. 
For option 2, the CSI reporting schemes and the association relationship between TRS in the 1st step and the Doppler offset reported in the 2nd step are needed.
There are 2 alternatives for option 1:
· Alt 1: In the 2nd step, multiple SRS resources are transmitted, with each SRS resource is transmitted on the carrier frequency acquired by a corresponding TRS in the 1st step, where the TRS is transmitted in TRP-specific/non-SFN manner.
· Alt 2: In the 2nd step, the SRS is transmitted on a carrier frequency acquired which can be acquired by any TRS transmitted in the 1st step.
The procedure of Alt 1 is provided in figure 3, with
· 1st Step: 2 TPR-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.
· 3rd Step: PDSCH/DMRS/TRS is SFN-ed transmitted from the two TRPs with frequency offset pre-compensation of f1 and f2 respectivley.
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. 
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Figure 3 Procedure of Alt 1, option 1
The advantage and disadvantages of the above procedure is as follows:
· Pros:
· The Doppler spread for PDSCH/DMRS is eliminated.
· Cons:
· 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. 
For Alt 1, a QCL-like association relationship between UL RS in the 2nd step and DL RS in the 1st step is needed.
Based on whether 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 1:
· Scheme 1: The TRS resource transmitted in the 3rd step is frequency offset pre-compensated;
· Scheme 2: The TRS resource transmitted in the 3rd step is not frequency offset pre-compensated;
For scheme 1, we consider the following schemes:
· Scheme 1-1: SFN-ed PDSCH/DMRS/TRS transmission with UE-specific frequency pre-compensation applied in each TRP.
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Figure 4 Procedure of scheme 1-1

A possible transmission procedure for scheme 1-1 is shown in figure 4, 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 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 of DL carrier and UL carrier.
· 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.
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=f, the reception frequency of PDSCH/DMRS/TRS would be fc+f1.
The advantages and disadvantages of scheme 1-1 are as follows:
· Pros:
· The Doppler spread for PDSCH is eliminated.
· Cons:
· UE-specific TRS resource is needed
· UE-specific SRS resource is needed.
For scheme 1-1, association relationship between UL RS and DL RS is not needed.
· Scheme 1-2: SFN-ed PDSCH/DMRS/TRS transmission with UE-group common frequency pre-compensation applied in each TRP.
The procedure of scheme 1-2 is the same as scheme 1-1 except for UE group common frequency offset pre-compensation is used instead of the UE-specific frequency offset pre-compensation.
A possible transmission procedure for scheme 1-2 is shown in figure 5:
· 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+∆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 of DL and UL.
· 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.
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Figure 5 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 RRH 1 and RRH 2 without Doppler pre-compensation are f1,RUE and f2,RUE respectively; for a target UE, the frequency difference of the DL center frequency determined by the UE and fc is f, the Doppler shifts of RRH 1 and RRH 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 RRH 1 and fc+f+fUL-DL+f2,RUE in RRH 2. If the pre-compensation frequency value is f in RRH 1 and f+f1,RUE-f2,RUE in RRH 2, the reception frequency of PDSCH/DMRS/TRS transmitted to the target UE would be fc+f+f1 for RRH 1 and fc+f+f1+f1,RUE-f2,RUE for RRH 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 RRH 1 and fc+fRUE+f2+f1,RUE-f2,RUE for RRH 2 respectively. Then compared to the DL frequency fc+f that locked by the target UE, the Doppler shift of RRH 1 is fRUE+f1-f and the Doppler shift of RRH 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=f, the reception frequency of PDSCH/DMRS/TRS would be fc+f1.
The advantage and disadvantages of scheme 1-2 are as follows:
· Pros:
· The differences of the Doppler shifts among different TRPs are reduced for PDSCH.
· Association relationship between UL RS and DL RS is not needed.
· UE-specific TRS resource is not needed.
· Cons:
· Since the frequency offset pre-compensation value may not be determined by the UE’s SRS, the Doppler spread for PDSCH cannot be well eliminated.
For scheme 1-2, association relationship between UL RS and DL RS is not needed.
· Scheme 1-3: SFN-ed PDSCH/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 for TRP-specific TRS is transmitted in the 3rd step.
Figure 6 shows a possible transmission procedure for scheme 1-3, with:
· 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 of DL and UL.
· 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.
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[bookmark: _Hlk54207805]Figure 6 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=f, the reception frequency of PDSCH/DMRS/TRS would be fc+f1.
The advantages and disadvantages of scheme 3-1 are similar as scheme 1-1. For scheme 1-3, association relationship between UL RS and DL RS is not needed.
· [bookmark: _Hlk54209335]Scheme 2-1: SFN-ed PDSCH/DMRS transmission 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, all TRS resources are transmitted without frequency offset pre-compensation.
Figure 7 shows a possible transmission procedure for Doppler shift 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 the TRPs. 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 of DL and UL.
· 3rd Step: PDSCH/DMRS are SFN-ed transmitted from the two TRPs with frequency offset pre-compensation of 0 and f1-f2, respectively. Two TRS resources are transmitted at fc without frequency offset pre-compensation.
Note: Although 2 TRS resources are transmitted in the 3rd step in the example, no TRS transmitted in the 3rd step is make sense since same TRS resources are transmitted in the 1st step.
For this scheme, one TRS for Doppler properties estimation and one TRS for delay properties estimation are configured for PDSCH. Since the TRS resources are transmitted without frequency pre-compensation, the TRS resources can be UE group common TRS resources.
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Figure 7 Procedure of scheme 2-1
The advantages of scheme 2-1 are as follows:
· The Doppler spread for PDSCH is eliminated;
· UE-specific TRS resource is not needed
For scheme 2-1, a new QCL type associated with delay profile only may be needed and association relationship between UL RS and DL RS is not needed.
· Scheme 2-2: SFN-ed PDSCH/DMRS transmission 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 transmitted from the other TRP, all TRS resources are transmitted without frequency offset pre-compensation for delay properties estimation.
Figure 8 shows a possible transmission procedure for Doppler shift 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 of DL and UL.
· 3rd Step: PDSCH/DMRS are SFN-ed transmitted from the two TRPs with frequency offset pre-compensation of 0 and f1-f2 respectively. Two TRS resources are transmitted at fc without frequency offset pre-compensation.
Note: Although 2 TRS resources are transmitted in the 3rd step in the example, no TRS transmitted in the 3rd step is make sense since same TRS resources are transmitted in the 1st step.
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Figure 8 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, 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. For scheme 2-2, a new QCL type associated with delay profile only is needed and association relationship between UL RS and DL RS is not needed.
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Figure 9 Performance of schemes with frequency offset pre-compensation
Figure 9 provides the performance comparison of different frequency offset pre-compensation schemes for Alt 2, option 1. Details of simulation assumptions and other simulation results can be found in [2]. It can be seen from the simulation results that 
· The performance of DL transmission scheme 1 in section 2 is similar as the pre-compensation schemes with PDSCH transmitted with UE- group common frequency offset pre-compensated (pre-compensation scheme 1-2). 
· 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)
· 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). 
· For the pre-compensation schemes with PDSCH transmitted with UE-specific frequency offset pre-compensated, similar performance can be achieved by schemes with TRS resources without frequency offset pre-compensation(pre-compensation scheme 2-1, 2-2) and schemes with TRS resources with frequency offset pre-compensated (pre-compensation scheme 1-1, 1-3).
Based on the analysis and the simulation results, we have
Proposal 4: 
· For the enhancement on frequency offset pre-compensation schemes, 
· Pre-compensation on TRS is not needed;
· Explicitly reporting of the Doppler shift(s) acquired in the 1st step is not needed;
· TRP-specific uplink signal(s) transmitting is not needed;
· The following schemes can be considered:
· SFN-ed PDSCH/DMRS transmission with UE specific frequency pre-compensation in each TRP; one TRS is transmitted from one TRP for Doppler properties estimation, and another TRS is SFN-ed transmitted for delay properties estimation, all TRS resources are transmitted without frequency offset pre-compensation.
4. Conclusions
In this contribution, we provided 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 for scheme 1.
Proposal 1: 
· If scheme 1 is adopted, 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 the enhancement on DL transmission scheme, more than 2 QCL/TCI states are not considered.
Proposal 3: 
· For the enhancement of DL transmission schemes, PDSCH is with higher priority.
Proposal 4: 
· For the enhancement on frequency offset pre-compensation schemes, 
· Pre-compensation on TRS is not needed;
· Explicitly reporting of the Doppler shift(s) acquired in the 1st step is not needed;
· TRP-specific uplink signal(s) transmitting is not needed;
· The following schemes can be considered:
· SFN-ed PDSCH/DMRS transmission with UE specific frequency pre-compensation in each TRP; one TRS is transmitted from one TRP for Doppler properties estimation, and another TRS is SFN-ed transmitted for delay properties estimation, all TRS resources are transmitted without frequency offset pre-compensation.
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1.


 


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 basel


ine 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 #102 e


-


meeting, the following agreements on DL transmission schemes and 


TRP


-


based frequency 


offset pre


-


compensation schemes for HST


-


SFN deployment were achieved:


 


Agreement


 


For the discussion purpose consider the following categorization of the enhanced DL transmission schemes


 


·


 


Scheme 1


: 


 


o


 


TRS is transmitted in TRP


-


specific / 


non


-


SFN manner


 


o


 


DM


-


RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner


 


·


 


Scheme 2


: 


 


o


 


TRS and DM


-


RS are transmitted in TRP


-


specific / non


-


SFN manner


 


o


 


PDSCH from TRPs is transmitted in SFN manner


 


 


Agreement


 


Study the following aspects of the enhanced 


transmission schemes:


 


�


 


For scheme 1


: 


 


o


 


Target DL physical channels, i.e., PDSCH only or PDSCH + PDCCH


 


o


 


Whether more than 2 QCL/TCI states are required and corresponding signaling details 


 


o


 


Whether and how to indicate scheme 1 


for 


differentiation with Rel


-


16 no


n


-


SFNed transmission 


schemes with multiple 


QCL/TCI states


 


o


 


QCL relationship between TRS and DMRS ports


 


o


 


Note: Other schemes/aspects are not precluded


 


�


 


For scheme 2


:


 


o


 


Association of each MIMO layer of PDSCH to DM


-


RS antenna ports


 


o


 


Whether more than 2 QCL/TCI 


states are required and corresponding signaling details


 


o


 


Whether and how to indicate scheme 2


 


for 


differentiation with Rel


-


16 non


-


SFNed transmission 


schemes with multiple 


QCL/TCI states


 


o


 


Note: Other schemes/aspects are not precluded


 


 


Agreement


 


For discussion


 


purpose consider the following three steps for TRP


-


based frequency offset pre


-


compensation 


scheme:


 


·


 


1


st


 


step


: Transmission of the TRS resource(s) from TRP(s) without pre


-


compensation


 


·


 


2


nd


 


step


: Transmission of the uplink signal(s)/channel(s) with carrier 


frequency determined based on the 


received TRS signals in the 1


st


 


step


 


·


 


3


rd


 


step


: Transmission of the PDCCH/PDSCH from TRP(s) with frequency offset pre


-


compensation 
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