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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 this document, we provide our considerations on the enhancement for HST-SFN deployment scenarios.
2. Transmission schemes
In HST-SFN deployment scenario, multiple RRHs/TRPs are connected to the same BBU with fiber and share the same cell ID as shown in Figure 1.


Figure 1 HST-SFN deployment
Both DPS and joint transmission (SFN) can be supported under the HST-SFN deployment. Since DPS operation has been well supported in Rel-15, the enhancement for HST-SFN deployment in Rel-17 should focus on SFN transmission schemes.
When a signal is SFN-ed transmitted, the propagation channel of the signal comprises multiple paths with different Doppler shifts. For simplicity, we take a cell with two RRHs as example. When the train is between two RRHs, the Doppler spectrum of the signal comprises two Doppler shifts with opposite signs. In this condition, the channel estimation provided by the conventional receiver that tracks the single Doppler shift and assumes U-shape Doppler spectrum may not reliable, the receiver that tracks multiple Doppler shifts and assumes multiple paths channel with multiple Doppler shifts is needed.

 
Figure 2 Transparent SFN transmission

In HST-SFN deployment scenarios, transparent SFN PDSCH transmission as shown in Fig 2 can be used. In the transmission scheme, one TCI state is configured for better Doppler profile and delay profile estimation, both PDSCH and the QCL RS configured by the TCI state (TRS) are jointly transmitted from multiple TRPs. When the UE is in the middle of the two RRHs, the Doppler shifts of the two RRHs have similar absolute values and opposite signs, and the delay and power of the paths from the two RRHs are similar. It is possible that the Doppler spread of the two paths cannot be well estimated by the UE, and the PDSCH demodulation performance is degraded. Dedicated QCL RS for each TRP enables separate Doppler profile estimation for each TRP, which may improve the PDSCH demodulation performance for HST-SFN deployment.
There are several transmission schemes with dedicated QCL RS for each TRP. In HST-SFN deployment, the following two schemes can be considered.
Scheme 1: SFN-ed PDSCH/DMRS + Distributed TRS 


Figure 3 Transmission scheme 1
For scheme 1, PDSCH/DMRS is jointly transmitted from multiple TRPs in an SFN manner. Multiple QCL assumptions/TCI states for the same DMRS port(s) are configured, with each QCL assumptions/TCI state associated with one TRP/ beam direction. As the example shown in Fig. 3, since each TRS (QCL RS configured by TCI state) is transmitted from one TRP, the Doppler profile and delay profile of each TRP can be estimated separately. Then compared to transparent SFN transmission, the Doppler profile of PDSCH can be obtained more accurately. 
Scheme 2: joint PDSCH with separate RV for each TRP/beam direction+ Distributed TRS/DMRS 


Figure 4 Transmission scheme 2
For scheme 2, PDSCH is jointly transmitted from multiple TRPs, with different layer sets and DMRS port sets transmitted from different TRPs. Each layer set/DMRS port set is associated with a QCL assumptions/TCI state, and each QCL assumptions/TCI state is associated with one TRP/ beam direction. Same or different RVs of the PDSCH are transmitted from different TRPs/beam directions.
As the example of scheme 2 shown in Fig. 4, the Doppler profile and delay profile of each TRP can be estimated separately. Since separate RV of PDSCH is transmitted from each TRP, the layers from the two TRPs can be soft combined, which may improve PDSCH demodulation performance compared to transmission scheme 1. However, compared to transparent SFN transmission and transmission scheme 1, more DMRS overhead is needed, and new Mapping from layer to DMRS port or RV identification for different TRPs is needed.
Proposal 1: 
· For the enhancement on HST-SFN deployment, the following two schemes can be considered:
· Scheme 1:  SFN-ed PDSCH/DMRS + Distributed TRS;
· Scheme 2: joint PDSCH with separate RV for each TRP/beam direction+ Distributed TRS/DMRS.
3. Enhancements on Doppler shift pre-compensation
For Rel-17 HST-SFN enhancement, one of the objectives is ‘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 our interpretation, this objective is to identify transmission schemes with Doppler shift pre-compensation in TRPs.
It is supposed that PDSCH demodulation performance is improved when the Doppler spread of PDSCH is narrowed down by Doppler shift pre-compensated in TRPs. 
There are several schemes for Doppler shift pre-compensation.
Scheme 1: PDSCH/DMRS/TRS are transmitted from multiple TRPs, UE-specific frequency pre-compensation is applied in each TRP.
[image: ]
Figure 5 Doppler shift pre-compensation scheme 1
As the example shown in Fig. 5, for scheme 1, UE transmits UL RS(s) for Doppler shift estimation 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.
gNB estimates Doppler shifts for each TRP with the UL RS(s), and determines the pre-compensation frequency values for each TRP accordingly. 
[bookmark: _Hlk47563171]The Doppler spread of PDSCH/DMRS/TRS can be reduced by using proper pre-compensation frequency values. Take a cell with 2 RRHs as an example, assuming that the Doppler shifts for RRH 1 and RRH 2 without Doppler pre-compensation are f1 and f2 respectively. Then the reception frequency of the UL RS is fc+f+ fUL-DL +f1 in RRH 1 and fc+f+fUL-DL+f2 in RRH 2. If the pre-compensation frequency value is f in RRH 1 and f+f1-f2 in RRH 2, the reception frequency of PDSCH/DMRS/TRS would be fc+f+f1 for both RRH 1 and RRH 2. In particular, if f=f, the reception frequency of PDSCH/DMRS/TRS would be fc+f1.
Scheme 1 is a spec transparent scheme. Although the Doppler spread of PDSCH is narrowed down in scheme 1, UE-specific TRS would cause large TRS overhead. 
Scheme 2: PDSCH/DMRS/TRS are transmitted from multiple TRPs, UE group common frequency pre-compensation is applied in each TRP.
[image: ]
Figure 6 Doppler shift pre-compensation scheme 2
The procedure of scheme 2 is the same as scheme 1 except for 
- UE group common frequency pre-compensation is used. 
For scheme 2, since UE group common frequency pre-compensation is applied, UE group common TRS can be used, the overhead of TRS is small. The UE group common frequency pre-compensation values can be determined by a reference UE. If the difference of Doppler shifts of TRPs for a UE to the Doppler shifts of TRPs of the reference UE is large, the DL performance of the UE may be damaged.
As the example shown in Fig. 6, gNB estimates Doppler shifts for each TRP with the UL RS 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 UL RS 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. 
By configuring the TRS as a QCL RS with QCL-TypeA/ QCL-TypeB for PDSCH/DMRS, scheme1 and scheme 2 can be realized according to current specs. 
Scheme 3: PDSCH/DMRS are transmitted from multiple TRPs with UE specific frequency pre-compensation in each TRP; a TRS without frequency pre-compensation is transmitted from reference TRP(s) in which the frequency pre-compensated value for PDSCH/DMRS is 0.
The procedure of scheme 3 is similar as scheme 1 except for 
- the frequency pre-compensation value in reference TRP(s) is 0；
- TRS is transmitted only from reference TRP(s).
Since the TRS is transmitted without frequency pre-compensation, the TRS can be a UE group common TRS. The frequency pre-compensation value of a TRP other than reference TRP can be determined as the Doppler shifts difference of the reference TRP(s) and the TRP, then the reception frequency of PDSCH/DMRS would be fc+ fref, where fref is the Doppler shift of the reference TRP(s). One example of scheme 3 is shown in Fig. 7.
[image: ]
Figure 7 Doppler shift pre-compensation scheme 3
Since the TRS is transmitted from only a subset of TRPs for PDSCH/DMRS transmission, the delay profile of PDSCH/DMRS can’t be obtained by the TRS. Hence the delay profile estimation accuracy may not guaranteed. By configuring the TRS as a QCL RS with QCL-TypeB for PDSCH/DMRS, scheme 3 can be realized according to current specs. 
Scheme 4: PDSCH/DMRS are transmitted from multiple TRPs with UE specific frequency pre-compensation in each TRP; one TRS without frequency pre-compensation is transmitted from reference TRP(s) in which the frequency pre-compensated value for PDSCH/DMRS is 0, another TRS without frequency pre-compensation is transmitted for PDSCH/DMRS delay profile estimation.
The procedure of scheme 4 is similar as scheme 3 except for 
- one additional TRS without frequency pre-compensation is transmitted for PDSCH/DMRS delay profile estimation.
[image: ]
Figure 8 Doppler shift pre-compensation scheme 4, alternative 1
One alternative of scheme 4 is that the additional TRS for delay profile estimation is transmitted from the other TRPs except for the TRP(s) for Doppler profile estimation. Then the delay profile of PDSCH/DMRS can be estimated by TRS 1 and TRS 2. Then as shown in Fig. 8, the Doppler shift difference of TRS 1 transmitted from TRP 1 and TRS transmitted from TRP 2 is f1- f2. If TRS 1 is used to determine the DL carrier frequency, the ideal Doppler shift that estimated by UE would be 0. If TRS 2 is used to determine the DL carrier frequency, the ideal Doppler shift that estimated by UE would be f1- f2, whose absolute value would be up to 3.2kHz in 3.5GHz with 500km/h. Whether the DL demodulation performance would be significantly degraded for this scenario should be evaluated. 
For scheme 4, since the additional TRS is transmitted without frequency pre-compensation, the TRS can be a UE group common TRS. A new QCL type for delay profile only may be needed for this scheme. If the transmit frequency of UL RS is up to UE’s implementation, a residual Doppler shift may be observed by UE. In order to reduce the residual Doppler shift, the transmission frequency of UL RS has to be known by gNB, i.e. gNB has to know which DL RS is used by UE for UL transmission frequency acquisition. Then gNB can choose proper TRP(s) to transmit the TRS for Doppler profile estimation. 
Proposal 2: 
· Evaluate the follow schemes for frequency pre-compensation, and determine whether the spec is enhanced for frequency pre-compensation.
· Scheme 1: PDSCH/DMRS/TRS are transmitted from multiple TRPs, UE-specific frequency pre-compensation is applied in each TRP.
· Scheme 2: PDSCH/DMRS/TRS are transmitted from multiple TRPs, UE group common frequency pre-compensation is applied in each TRP.
· Scheme 3: PDSCH/DMRS are transmitted from multiple TRPs with UE specific frequency pre-compensation in each TRP; a TRS without frequency pre-compensation is transmitted from reference TRP(s) in which the frequency pre-compensated value for PDSCH/DMRS is 0.
· Scheme 4: PDSCH/DMRS are transmitted from multiple TRPs with UE specific frequency pre-compensation in each TRP; one TRS without frequency pre-compensation is transmitted from reference TRP(s) in which the frequency pre-compensated value for PDSCH/DMRS is 0, another TRS without frequency pre-compensation is transmitted for PDSCH/DMRS delay profile estimation.
· e.g. the TRS for delay profile estimation is transmitted from the other TRPs except for the reference TRP(s);
Proposal 3: 
· Study the necessity that gNB knows which DL RS is used by UE for UL transmission frequency acquisition.
4. Evaluation methodology
According to the conclusion of offline discussion, HST-SFN simulation assumptions would be defined both for FR1 and FR2. Since FR1 is more suitable for HST deployment, FR1 should be prioritized.
In the offline discussion, Rel-15 SFN is used as the baseline for comparison. However, the performance differences of receivers with different channel estimation methods cannot be ignored. Hence, which receiver is used in the Rel-15 SFN evaluation is important. The following two options can be considered:
· Option 1: UE tracks a single Doppler shift and assumes U-shape Doppler spectrum. 
· Option 2: UE tracks multiple Doppler shifts and assumes multiple paths channel with multiple Doppler shifts
Option 2 is preferred.
Proposal 4: 
· For the evaluation of HST-SFN deployment, 
· FR1 is prioritized；
· For the baseline transmission scheme (Rel-15 SFN), the following receiver is used:
· UE tracks multiple Doppler shifts and assumes multiple paths channel with multiple Doppler shifts.
5. Conclusions
In this contribution, we provided our views on the enhancement for Rel-17 HST-SFN deployment scenarios. We have the following proposals:	
Proposal 1: 
· For the enhancement on HST-SFN deployment, the following two schemes can be considered:
· Scheme 1:  SFN-ed PDSCH/DMRS + Distributed TRS;
· Scheme 2: joint PDSCH with separate RV for each TRP/beam direction+ Distributed TRS/DMRS.
Proposal 2: 
· Evaluate the follow schemes for frequency pre-compensation, and determine whether the spec is enhanced for frequency pre-compensation:
· Scheme 1: PDSCH/DMRS/TRS are transmitted from multiple TRPs, UE-specific frequency pre-compensation is applied in each TRP.
· Scheme 2: PDSCH/DMRS/TRS are transmitted from multiple TRPs, UE group common frequency pre-compensation is applied in each TRP.
· Scheme 3: PDSCH/DMRS are transmitted from multiple TRPs with UE specific frequency pre-compensation in each TRP; a TRS without frequency pre-compensation is transmitted from reference TRP(s) in which the frequency pre-compensated value for PDSCH/DMRS is 0.
· Scheme 4: PDSCH/DMRS are transmitted from multiple TRPs with UE specific frequency pre-compensation in each TRP; one TRS without frequency pre-compensation is transmitted from reference TRP(s) in which the frequency pre-compensated value for PDSCH/DMRS is 0, another TRS without frequency pre-compensation is transmitted for PDSCH/DMRS delay profile estimation.
· e.g. the TRS for delay profile estimation is transmitted from the other TRPs except for the reference TRP(s).
Proposal 3: 
· Study the necessity that gNB knows which DL RS is used by UE for UL transmission frequency acquisition.
Proposal 4: 
· For the evaluation of HST-SFN deployment, 
· FR1 is prioritized；
· For the baseline transmission scheme (Rel-15 SFN), the following receiver is used:
· UE tracks multiple Doppler shifts and assumes multiple paths channel with multiple Doppler shifts.
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