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HST-SFN deployment scenario is one of the most important scenarios with multiple TRPs. 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 evaluation methodology of Rel-17 HST-SFN in FR1 were achieved:
	Agreement
The results should be reported
Th
· Per track location (at specific SNR) or
· Throughput vs SNR at specific location
· Ds/2 (mid track point)
· Results for other locations can be reported by each company.

Agreement
· Perfect synchronization as baseline
· Non-perfect time and frequency synchronization between the TRPs and UE, i.e., modeling of TRP CFO error (where CFO have temporal variation), UE receiver CFO, TRP timing errors may be optionally considered
· Companies to provide details on how this was modelled in their evaluations
· For example, uniform distribution between [-ppm ppm]*fc (Hz) for each simulation point where fc is the carrier center frequency and the values of maximum frequency error in ppm are captured TR 38.101-1/2 and TR 38.104
Agreement
· It is recommended to provide results for SNR = 8, 12, 16, 20 dB
· Other SNR values are not precluded
· SNR defined relative ONLY to the reference point closest to TRP


In RAN1 #102 e-meeting, the following agreements on enhancements of Rel-17 HST-SFN 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
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. 


In RAN1 #103 e-meeting, the following agreements on enhancements of Rel-17 HST-SFN were achieved:
	Agreement
Support at least the following configuration for HST scenario in Rel-17
· The same DMRS port(s) can associate with multiple TCI states
· FFS other details 
Note: DMRS and PDCCH/PDSCH from different TRPs are transmitted in SFN manner
 
Agreement
When the same DMRS port(s) are associated with two TCI states containing TRS as source reference signal, at least one variant is supported for Rel-17 HST-SFN scenario based on further evaluations
· Variant A: One of the TCI state can be associated with {average delay, delay spread} and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· Variant B: One of the TCI state can be associated with {average delay, delay spread} and another TCI state with {Doppler shift, Doppler spread} (i.e., QCL-TypeB)
· Variant C: One of the TCI state can be associated with {delay spread}  and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· Variant E: Both TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
· FFS: Indication method to apply QCL, e.g., via new QCL-type, or reuse existing QCL-type while UE to ignore certain QCL properties
· Note: Each TCI state in the above variants may be additionally associated with {Spatial Rx parameter} (i.e., QCL-TypeD)
· Note: Companies are encouraged to provide evaluation results for the above variants based on agreed EVM from RAN1#102e meeting
· Note: Above variants are applicable to scheme 1 and/or TRP based pre-compensation as a reference for evaluation.
· This agreement is for the purpose of evaluation and does not imply the support or lack of support of scheme 1 and/or TRP based pre-compensation



In RAN1 #104 e-meeting, the following working assumptions on enhancements of Rel-17 HST-SFN were achieved:
	Working assumption:
· Specification based TRP pre-compensation scheme is supported in Rel-17
· FFS other details
· Continue evaluations of TRP pre-compensation scheme focusing evaluation on the following impairments:
· Frequency offset estimation accuracy
· Overhead of SRS or PUCCH/PUSCH
· Performance impact from delayed application of frequency offset



In this contribution, we present our simulation results on transmission schemes for HST-SFN scenario.
Evaluation on schemes for HST-SFN deployment
In this section, we provide link-level simulation results for PDSCH with 4-taps channel model in FR1 according to the simulation assumptions of HST-SFN agreed in RAN1 #102-e meeting. Fig. 1 shows the HST-SFN deployment with 4 taps. In the simulation, we assume that the train is moving from TRP 2 to TRP 3 at a speed of 500km/h, PDSCH is SFN-ed transmitted from 4 TRPs with PRG-level precoding cycling in a carrier frequency of 3.5GHz, with numerology of 30kHz and band width of 20MHz. We also assume that there are 2 Rx antennas in UE and 2 Tx antennas in each TRP. Other simulation assumptions can be found in Table-I in appendix. The following evaluation results for different MCS levels are provided: 
· Throughput at different positions between TRP 2 and TRP 3
· Throughput vs. SNR for the location that in the middle of the 4 TRPs 



Figure 1 HST-SFN deployment
2.1	DL Transmission schemes
In this section, the performance comparisons of enhanced DL transmission scheme 1 and scheme 2 that proposed in RAN 1 #102 e-meeting is provided. The simulation results for Rel-15 SFN-ed transmission scheme in which all of PDSCH, DMRS and TRS are transmitted in SFN-ed manner are also provided. Details of DL transmission scheme 1 and DL transmission scheme 2 are as follows:
· DL transmission scheme 1: PDSCH and DMRS are SFN-ed transmitted from 4TRPs. TRS 1 is SFN-ed transmitted from TRP 1 and TRP 2, and TRS 2 is SFN-ed transmitted from TRP 3 and TRP 4.  Both TRS 1 and TRS 2 are used to estimate the Doppler profile and delay profile of the channel that convey the DMRS port.
· DL transmission scheme 2: PDSCH is SFN-ed transmitted from 4 TRPs. A PDSCH layer is mapped to 2 DMRS ports in 2 CDM groups, where DMRS port 0 is SFN-ed transmitted from TRP 1 and TRP 2, DMRS port 1 is SFN-ed transmitted from TRP 3 and TRP 4. In order to have better frequency estimation and timing, TRS 1 is SFN-ed transmitted from TRP 1 and TRP 2, and TRS 2 is SFN-ed transmitted from TRP 3 and TRP 4. Each TRS is used to estimate the Doppler profile and delay profile for its corresponding DMRS port, and the channel estimation of the PDSCH layer is obtained through the 2 DMRS ports. 
Fig. 2 to Fig. 4 show the performance comparisons of enhancement scheme 1 and enhancement scheme 2 with different MCS levels. It can be found that both scheme 1 and scheme 2 can achieve obvious gains over Rel-15 SFN-ed transmission scheme. That's because the Doppler profile and delay profile of PDSCH can be obtained more accurately through multiple TRS resources. It can also be seen that the performance of scheme 1 outperforms scheme 2. That’s because although scheme 2 may obtain more accurate channel estimation by utilizing more DMRS ports, the overhead of DMRS of scheme 2 is doubled, and it has more negative impact on the performance. 
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(a) Evaluation of different positions along the track                  (b) Evaluation of the position in the middle of 4 TRPs
Figure 2 Performance of enhanced DL Transmission schemes, MCS 4, Rank 1
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(a) Evaluation of different positions along the track              (b) Evaluation of the position in the middle of 4 TRPs
Figure 3 Performance of enhanced DL Transmission schemes, MCS 13, Rank 1
[image: scheme12permcs17.jpg][image: scheme12middlemcs17.jpg]
(a) Evaluation of different positions along the track                  (b) Evaluation of the position in the middle of 4 TRPs
Figure 4 Performance of enhanced DL Transmission schemes, MCS 17, Rank 1
Observation 1: 
· Compared with Rel-15 SFN transmission scheme, obvious performance gain can be observed with DL enhancement scheme 1 and DL enhancement scheme 2.
· DL enhancement scheme 1 outperforms DL enhancement scheme 2.
Proposal 1: 
· DL enhancement scheme 2 is not supported.
2.2 Enhancements on Doppler shift pre-compensation
In this section, the performance of the following frequency offset pre-compensation schemes is provided. The detailed procedure of the schemes is provided in [2]: 
· Pre-compensation scheme 1: TRS resource(s) are transmitted with frequency offset pre-compensation.
· Pre-compensation scheme 1-1: PDSCH/DMRS/TRS are transmitted from 4 TRPs in SFN manner, with UE-specific frequency offset pre-compensated. For each UE, the pre-compensated frequency transmitted from each TRP is determined according to the SRS transmitted by the UE. This scheme can be seen as the Rel-15 SFN-ed transmission scheme +frequency offset pre-compensation.
· Pre-compensation scheme 1-2: PDSCH/DMRS/TRS are transmitted from 4 TRPs in SFN manner, with UE-group common frequency offset pre-compensated. For each group of UEs, the pre-compensated frequency transmitted from each TRP is determined according to the SRS transmitted by a reference UE within the group. In this simulation, we assume that the distance between reference UE and the UE receiving PDSCH is 50m. 
· Pre-compensation scheme 1-3: PDSCH/DMRS are transmitted from 4 TRPs in SFN manner with UE-specific frequency pre-compensation. TRS 1 is transmitted from TRP 1 and TRP 2 in SFN manner, TRS 2 is transmitted from TRP 3 and TRP 4 in SFN manner. Both TRS 1 and TRS 2 are frequency pre-compensated with UE-specific frequency pre-compensation. For each UE, the pre-compensated frequency transmitted from each TRP is determined according to the SRS transmitted by the UE. This scheme can be viewed as the DL transmission scheme 1 in section 2.1 + UE-specific frequency offset pre-compensation. 
· Pre-compensation scheme 1-4: PDSCH/DMRS are transmitted from 4 TRPs in SFN manner, and TRS 1 is transmitted from TRP 1 and TRP 2 in SFN manner, TRS 2 is transmitted from TRP 3 and TRP 4 in SFN manner. For each group of UEs, the pre-compensated frequency transmitted from each TRP is determined according to the SRS transmitted by a reference UE within the group. In this simulation, we assume that the distance between reference UE and the UE receiving PDSCH is 50m.
· Pre-compensation scheme 2: The TRS resource(s) are transmitted without frequency offset pre-compensation. 
· Pre-compensation scheme 2-1: PDSCH/DMRS are transmitted from 4 TRPs in SFN manner with UE-specific frequency pre-compensation in TRP 2, 3 and 4 and without frequency offset pre-compensation in TRP 1; TRS 1 without frequency pre-compensation is transmitted from TRP 1 and TRP 2 in SFN manner, TRS 2 without frequency pre-compensation is transmitted from 4 TRPs in SFN manner. TRS 1 is used for Doppler profile estimation and TRS 2 is used for delay profile estimation.
· Pre-compensation scheme 2-2: PDSCH/DMRS are transmitted from multiple TRPs in SFN manner with UE specific frequency pre-compensation in TRP 2, 3 and 4 and without frequency offset pre-compensation in TRP 1; TRS 1 without frequency pre-compensation is transmitted from TRP 1 and TRP 2 in SFN manner, TRS 2 without frequency pre-compensation is transmitted from TRP 3 and TRP 4 in SFN manner. The Doppler profile of PDSCH is obtained by TRS 1 and the delay profile of PDSCH is obtained from TRS 1 and TRS 2.
Fig. 5 to Fig. 7 show performance comparisons of different schemes without CFO in each TRPs. In each figure, figure (a) shows the performance comparisons of different schemes at different positions along the track, and figure (b) shows the performance comparisons of different schemes at the position in the middle of the 4 TRPs. It can be observed from the simulation results that 
· Compared with 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 DL transmission scheme 1 in section 2.1 without frequency offset pre-compensation is similar as that of pre-compensation scheme 1-2 ( Rel-15 SFN-ed transmission + UE-group common frequency offset pre-compensation) and is worse than that of other frequency offset pre-compensation schemes (pre-compensation scheme 1-1, 1-3, 2-1, 2-2 and 1-4); 
· 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). That’s because that under the perfect frequency synchronization, frequency estimation error in TRPs is not considered, through UE-specific frequency pre-compensation, the Doppler spread can be perfectly eliminated, and it is equivalent that there is only a single Doppler shift. Then the Doppler profile of the channel can be well estimated by a single TRS resource or by two TRS resources;  
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). That’s because for scheme 1-2 and scheme 1-4, the frequency for pre-compensation in each TRP is determined by a reference UE, therefore the Doppler spread of the channel cannot be well eliminated;
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(a) Evaluation of different positions along the track                   (b) Evaluation of the position in the middle of 4 TRPs
Figure 5 Performance comparisons of schemes, without CFO and delay, MCS 4
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(a) Evaluation of different positions along the track                (b) Evaluation of the position in the middle of 4 TRPs
Figure 6 Performance comparisons of schemes, without CFO and delay, MCS 13
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(a) Evaluation of different positions along the track                    (b) Evaluation of the position in the middle of 4 TRPs

Figure 7 Performance comparisons of schemes, without CFO and delay, MCS 17
With the above simulation results, we have the following observation:
Observation 2:
· Under perfect frequency synchronization and no delay considered, 
· Compared with Rel-15 SFN-ed transmission scheme and DL enhancement schemes without frequency pre-compensation, UE-specific frequency offset pre-compensation schemes can achieve notable gains.
· The performance of schemes with UE-specific frequency offset pre-compensation outperforms the performance of schemes with UE-group common frequency offset pre-compensation.
· For the schemes with UE-specific frequency offset pre-compensation, similar performance can be achieved by schemes with TRS resources without frequency offset pre-compensation and schemes with TRS resources with frequency offset pre-compensated.

Fig. 8 to Fig. 10 show the evaluations of frequency offset pre-compensation schemes with a CFO of 0.05ppm in each TRP and Doppler shift adjustment delay of 128ms due to the periodicity of SRS transmission. In each figure, figure (a) shows the performance comparisons of different schemes at different positions along the track, and figure (b) shows the performance comparisons of different schemes at the position in the middle of the 4 TRPs. When CFO and delay are considered in each TRP, it can be observed from the simulation results that:
· Compared with Rel-15 SFN-ed PDSCH transmission scheme, obvious performance gain can be achieved by the solutions with frequency offset pre-compensated;
· The performance of the schemes of DL transmission scheme 1 in section 2.1 + frequency offset pre-compensation (pre-compensation scheme 1-3 and 1-4) outperforms the performance of the DL transmission scheme 1 in section 2.1 without frequency offset pre-compensation;
· The performance of pre-compensation schemes with PDSCH transmitted with UE-specific frequency offset pre-compensation (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 and SFN-ed TRS transmission (pre-compensation scheme 1-2). That’s because although for scheme 1-1, 1-3, 2-1 and 2-2, the Doppler spread of the channel cannot be well eliminated due to CFO in each TRP and Doppler shift adjustment delay , the frequency pre-compensation of scheme 1-2 is even worse due to UE-group common frequency pre-compensation.
· 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. 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. 
Based on 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.
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(a) Evaluation of different positions along the track                    (b) Evaluation of the position in the middle of 4 TRPs
Figure 8 Performance comparisons of schemes, with CFO = 0.05ppm in each TRP and delay = 128ms, MCS 4, rank 1
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(a) Evaluation of different positions along the track                  (b) Evaluation of the position in the middle of 4 TRPs
Figure 9 Performance comparisons of schemes, with CFO = 0.05ppm in each TRP and delay = 128ms, MCS 13, rank 1
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(a) Evaluation of different positions along the track               (b) Evaluation of the position in the middle of 4 TRPs
Figure 10 Performance comparisons of schemes, with CFO = 0.05ppm in each TRP and delay = 128ms, MCS 17, rank 1
With the simulation results with CFO and delay in each TRP considered, we have the following observation and proposal:

Observation 3:
· When CFO and Doppler shift adjustment delay are considered in each TRP, 
· Compared with Rel-15 SFN-ed transmission scheme without frequency pre-compensation, schemes with frequency offset pre-compensation schemes can achieve notable gains;
· The performance of the DL transmission scheme 1 in section 2.1 with frequency offset pre-compensation outperforms the performance of the DL transmission scheme 1 in section 2.1 without frequency offset pre-compensation;
· The performance of pre-compensation schemes with multiple TRS resources for Doppler shift estimation outperforms the performance of pre-compensation schemes with single TRS resource for Doppler shift estimation.
Proposal 2:
· In Rel-17, frequency offset pre-compensation schemes should be supported for HST-SFN deployment. 
Conclusions 
In this contribution, we provide our link simulation results for Rel-17 HST-SFN enhancement schemes. Based on the simulation results, we have the following observations and proposal:
Observation 1: 
· Compared with Rel-15 SFN transmission scheme, obvious performance gain can be observed with DL enhancement scheme 1 and DL enhancement scheme 2.
· DL enhancement scheme 1 outperforms DL enhancement scheme 2.
Observation 2:
· Under perfect frequency synchronization and no delay considered, 
· Compared with Rel-15 SFN-ed transmission scheme and DL enhancement schemes without frequency pre-compensation, UE-specific frequency offset pre-compensation schemes can achieve notable gains.
· The performance of schemes with UE-specific frequency offset pre-compensation outperforms the performance of schemes with UE-group common frequency offset pre-compensation.
· For the schemes with UE-specific frequency offset pre-compensation, similar performance can be achieved by schemes with TRS resources without frequency offset pre-compensation and schemes with TRS resources with frequency offset pre-compensated.
Observation 3:
· When CFO and Doppler shift adjustment delay are considered in each TRP, 
· Compared with Rel-15 SFN-ed transmission scheme without frequency pre-compensation, schemes with frequency offset pre-compensation schemes can achieve notable gains;
· The performance of the DL transmission scheme 1 in section 2.1 with frequency offset pre-compensation outperforms the performance of the DL transmission scheme 1 in section 2.1 without frequency offset pre-compensation;
· The performance of pre-compensation schemes with multiple TRS resources for Doppler shift estimation outperforms the performance of pre-compensation schemes with single TRS resource for Doppler shift estimation.
Proposal 1: 
· DL enhancement scheme 2 is not supported.
Proposal 2:
· In Rel-17, frequency offset pre-compensation schemes should be supported for HST-SFN deployment. 
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 Appendix
Table-I Link level simulation assumptions for HST-SFN
	Parameter
	Value

	Propagation condition
	4-tap channel model

	TRP layout (Ds, Dmin, etc)
	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
	DM-RS 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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