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Introductions
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In previous RAN#86 meeting, WID[1] on further enhancements on MIMO for NR was agreed, the scope of enhancement on NR HST-SFN deployment scenario is copied below for reference.
Enhancement to support HST-SFN deployment scenario:
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
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 contribution, some potential enhancement schemes for HST-SFN are discussed and related link-level simulation results are given to show the UE demodulation performance.

Discussion
HST deployment
In HST deployment, due to frequent handover between the cells, SFN transmission scheme was introduced in LTE. Multiple TRPs with the same Cell ID is connected to one BBU to overcome frequent handover under HST-SFN deployment. However, one of the main problems of HST-SFN deployment scenario is opposite Doppler shifts from different TRPs. From UE’s perspective, the received signal is a combination of multiple delayed signals with different power and opposite high Doppler shifts in SFN manner, which is quite challenging for UE demodulation. To deal with opposite Doppler shifts, two main essential solutions were supposed in [2], which specifically are BS frequency pre-compensation and advanced receiver for HST. 
Considering that NR supports both SFN and DPS transmission in Rel-15, DPS can be an alternative transmission scheme for HST deployment potentially, since it might be easier for UE to process only one Doppler shift with lower complexity. Also, RAN4 had been discussing the NR HST issue from RAN4#92 to #95e meeting, on UE demodulation requirements for several transmission schemes including SFN and DPS. Therefore, several enhancement schemes for HST-SFN is analyzed in this contribution. 
Besides, many studies and investigations on HST deployment focused on FR1, and there is only little study on FR2, apart from some simulation assumptions that can be found in [3], [4]. Therefore, HST deployment for FR2 should be further discussed. 

Solutions for multiple Doppler shifts
Distributed TRS vs. SFN TRS
TRS is designed for DL time and frequency tracking in NR, including average delay, delay spread, frequency offset, and Doppler spread. In HST-SFN deployment, it’s very important for UE to tracking the frequency offset accurately, since the opposite high Doppler shift would cause the DL demodulation performance degradation. 
If UE is configured with a single TRS resource set transmitted in SFN manner, a legacy UE might only be able to estimate a Doppler shift/spread through the TRS signal mixed from different TRPs at the same time. In this case, the DL demodulation performance degradation is self-evident. For advanced UE mentioned in TR 36.878, one UE can use an enhanced algorithm to estimate multiple Doppler shifts based on a single TRS. However, the processing is quite different from normal implementation for Doppler shift/spread estimate from the TRS and would demand more processing power at the UE side. 
Distributed TRS could make use of legacy UE implementation as much as possible. For simplicity of description, assume that there are two TRPs in UE’s vision as TRP1 and TRP2. Distributed TRS means that two TRS signals such as TRS1 and TRS2 are transmitted separately from TRP1 and TRP2 as shown in Figure 1. In Rel-15, one or more TRS resource sets can be configured for UE in RRC-connected mode. In this case, UE can easily estimate two different Doppler shifts individually based on TRS1 and TRS2. 
 [image: ]
Figure 1: SFN and distributed TRS/CSI-RS
The benefits of introducing distributed TRS are as follows:
It gives UE more room to accurately track time and frequency characteristics, especially the high Doppler shifts from different TRPs.  
It can avoid complex Doppler shifts estimation algorithm at the UE side.
Moreover, distributed TRS would benefit CSI feedback for two TRPs. With SFN TRS, the CSI-RS for CSI is also transmitted in SFN manner. When a single CSI-RS is transmitted from two different TRPs in SFN manner, UE will estimate the composite channel of two TRPs. The result is that UE can only measure and report one PMI corresponding to this CSI-RS resource set. However, the directions of the channel between UE and two TRPs are quite different. Just reporting a single PMI derived from the composite channel might be mismatched, especially considering the potentially large number of antenna elements and ports deployed currently on each TRP. In this case, distributed CSI-RS should also be introduced to measure respective PMIs for different TRPs, as shown in Figure 1. To facilitate such distributed CSI-RS/CSI feedback operation, distributed TRS should be introduced. The details of distributed CSI-RS/CSI feedback operation and related simulation results can be found in [5].
In the following, the simulation results of SFN TRS and distributed TRS are given to show their Doppler shift estimation performance intuitively.
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a) SFN TRS
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b) Distributed TRS


Figure 2: Doppler shift estimation results of SFN/distributed TRS schemes
Assume the high-speed train moves a total of 720m from TRP1 to TRP2. From the simulation results above, it’s quite clear that a mixed Doppler shift is estimated based on a single TRS. When configuring two distributed TRSs transmitted from two TRPs separately, UE can easy to estimate two Doppler shifts accurately.
 Using distributed TRS is beneficial to estimate Doppler shifts and facilitate more accurate CSI feedback from different TRPs instead of SFN TRS.
 TRPs with distributed TRS is the major scenario for Rel-17 FeMIMO HST discussion.

BS frequency pre-compensation
To resolve the challenge of multiple Doppler shifts under the HST-SFN deployment, BS frequency pre-compensation has been studied as a potential solution in TR 38.878. However, CRS is used to estimate the Doppler shifts in LTE. In NR, TRS is configured UE-specifically for fine time and frequency tracking to aid the demodulation of PDSCH since there is no CRS like reference signal. Therefore, there might be some differences in details in BS frequency pre-compensation based on TRS. The BS frequency pre-compensation process based on distributed TRS is given as follows:
[image: ]
Figure 3: An example of BS frequency pre-compensation processing flow

More description of BS frequency pre-compensation corresponding to Figure 3 is provided below:
TRS1 and TRS2 are transmitted from TRP1 and TRP2 separately at carrier frequency fc
UE receives TRS1 and TRS2 at carrier frequency fc, then estimates two Doppler shifts Δf1 and Δf2
UE adjusts its carrier frequency from fc to  fc  +Δf1 based on TRS1
UE transmits UL RS, such as SRS at carrier frequency fc  +Δf1
TRP1 and TRP2 both receive the UL RS and estimate Doppler shifts, then BS calculates frequency pre-compensation value Δf1 -Δf2
TRP1 transmits PDSCH/DMRS at carrier frequency fc, without frequency pre-compensation, while TRP2 transmits PDSCH/DMRS at carrier frequency fc  +Δfpre2
UE receives PDSCH/DMRS at carrier frequency fc  +Δf1. Ideally, there is no Doppler shift from UE’s perspective.
Figure 4 shows the Doppler shift estimation results after BS frequency pre-compensation. In the simulation, assume that UE adjusts its carrier frequency based on TRS1 when moving from the start point as 0m to the middle point as 360m. It is observed that there is almost no Doppler shift remaining from the perspective of UE. It means that when receiving PDSCH and DMRS, the Doppler shifts from two TRPs have also been compensated. Similarly, when moving from 360m point to 720m point, UE switches its TRS reference to TRS2 for carrier frequency adjustment. The Doppler shifts can be compensated in the same way.
[image: ]
Figure 4: Doppler shift estimation results after BS frequency pre-compensation
There are the following key points that need be paid attention to.
UE and network need to be aligned on which RS UE refers to when transmitting the UL RS.  UE should be informed about it explicitly or implicitly in prior. QCL/QCL-like relation between DL and UL signals can be considered.
To ease UE implementation, the specified scheme should avoid unnecessary frequency adjustment when switching between DL receiving and UL transmission.
BS frequency pre-compensation is effective for eliminating Doppler shifts from multiple TRPs.
 BS frequency pre-compensation for HST-SFN should consider alignment between UE and gNB on the referred DL RS to adjust UL RS frequency and avoiding switch between different frequencies as much as possible.

Doppler spectrum reconstruction with distributed TRS for HST-SFN
Another potential solution for multiple Doppler shifts is the advanced UE receiver for HST-SFN deployment. A legacy UE could only track a single Doppler shift and may assume the U-shape spectrum for Doppler spread. However, the channel of HST-SFN is generally a LOS channel with multiple Doppler shifts, and the Doppler spread is typically not a U-shape spectrum. 
An advanced UE receiver would assume the existence of multiple Doppler shifts and can estimate them by utilizing the enhanced estimation algorithms based on a single TRS. Nevertheless, those enhanced estimation algorithms might be too complicated, thus using distributed TRS to estimate multiple Doppler shifts seems to be a better substitute. After estimating the multiple Doppler shifts based on distributed TRS, UE can use them to reconstruct the Doppler spectrum, and then conduct time-domain interpolation for DMRS estimation by using the Wiener filter, instead of the U-shape Doppler spectrum with the single Doppler shift under the HST-SFN scenario. The detailed time-domain interpolation designing proposed can be found in [6].
 Doppler spectrum reconstruction can be achieved with distributed TRS, and advanced time-domain interpolation based on it is effective for HST-SFN.

Multiple QCL source associated with the same DMRS port(s)
QCL is designed to define the relation between two reference signals at the UE receiver, and NR defined a set of QCL types which can be indicated in the TCI framework. TCI is designed to indicate which reference signals are QCL source and which QCL type is used for deriving channel characteristics. There are four QCL types that have been specified as follows:
‘QCL-TypeA’: {Doppler shift, Doppler spread, average delay, delay spread}
‘QCL-TypeB’: {Doppler shift, Doppler spread }
‘QCL-TypeC’: {Doppler shift, delay spread}
‘QCL-TypeD’: {Spatial Rx parameters}
For instance, TRS is generally configured as the QCL source of DMRS with QCL-TypeA. Then DMRS can derive the average delay and Doppler shift for time and frequency adjustment, delay spread and Doppler spread for channel estimation enhancement. 
When introducing distributed TRS, it’s natural that the QCL relation between one DMRS and multiple TRSs should be considered. However, NR specification only supports one DMRS port QCLed with one TRS. One DMRS port QCLed with multiple TRSs corresponding to the same QCL type is not supported. As described in the previous section, it can be easily to note that no matter BS frequency pre-compensation or Doppler spectrum reconstruction for HST-SFN, UE needs to get channel characteristics such as average delay, delay spread, Doppler shift, and Doppler spread from different TRSs. That means UE needs to support combining propagation conditions of TRSs to calculate composite channel characteristics. Therefore, supporting the same DMRS port(s) associated with several TCI states is necessary in this case. The details on how to achieve it in the existing TCI framework need to be further studied. 
 Associating the same DMRS port(s) with several TCI states should consider both BS frequency compensation scheme and Doppler spread reconstruction scheme.
QCL-type between the DMRS port(s) and TCI states should be clarified for BS frequency compensation scheme and Doppler spread reconstruction scheme respectively.

Simulation evaluation
HST-SFN channel model
RAN4 has defined a 4-tap HST-SFN channel model for demodulation requirements in TS 36.101 Annex B.3A. However, there are some limits in that 4-tap channel mode. 
There is only one LOS path being modeled from each TRP. It seems too simple compared with practical propagation conditions where multipath exists. 
The max number of antenna ports is only two. However, more antenna ports such as 8 ports might be used in practical NR deployment. Thus, that 4-tap HST-SFN channel mode is a little bit limited if more than 2 ports need to be evaluated in the future discussion.
There is no spread angle of propagation conditions in the channel model, and it’s no suitable for FR2 evaluation.
To address the drawbacks mentioned above, using CDL design to extend the RAN4 channel model can be considered as suggested during per RAN#102-e email discussion. As shown in figure 5, a 2-tap channel model is designed to reflect the propagation characteristic of HST-SFN deployment, which is a combination of CDL channel and RAN4 HST-SFN channel model. For each TRP, the basic CDL channel generation steps described in TR 38.901 are performed, except for some additional considerations on HST-SFN deployment. While UE is moving on the track from one TRP to another, the location relationship between UE and two TRPs are almost different. Thus, additional delay, power, and angle parameters should be modeled to embody this difference. 
[image: ]
Figure 5: HST-SFN channel model for link-level evaluation
The delay for n’th channel cluster of k’th TRP is modified as




Where  is the delay of the n’th channel cluster according to TR 38.901, which could be modeled differently for each TRP. And  is the delay of the k’th TRP which can be derived as




Where  is the location of the k’th TRP and  is the UE’s location as assumed in TS 36.101.
The normalized power for the k’th TRP is modified as 


The angle parameters for the n’th channel cluster is modified as






where  could be assumed.  is the tabulated CDL ray angle,  is the mean angle of the tabulated CDL ray, andof the k’th TRP is the AOD, AOA, ZOD, and ZOA of LOS direction derived based on the locations and antenna heights of UE and TRPs.

Evaluation on two HST-SFN enhancement schemes 
To analyze the performance of BS frequency pre-compensation scheme and Doppler spectrum reconstruction scheme, some link-level simulation results are presented below. The baseline is a legacy UE of Rel-15 without any enhancement for HST-SFN, and two enhanced schemes are both based on distributed TRS. In order to show the variety of DL demodulation performance when UE is moving, UE located at different points on the track has been evaluated. Additionally, two antenna port configuration is assumed for the evaluation. Other simulation parameters can be found in Annex A. Detailed simulation results can be found in Figure 6 and Figure 7.
2 ports with SFN CSI-RS
CSI-RS is transmitted from two TRPs in SFN manner only for the derivation of CQI. Precoding cycling is used for PDSCH and DMRS with PRG=2. Besides, Rank=1 is assumed for PDSCH transmission. From the results shown in Figure 6, it’s obvious that both BS frequency pre-compensation and Doppler spectrum reconstruction schemes with distributed TRS are useful to enhance the DL demodulation performance for HST-SFN deployment. Moreover, with the increase of SNR, the performance of BS frequency pre-compensation outperforms Doppler spectrum reconstruction.
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a) SNR=5dB
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b) SNR=10dB
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c) SNR=15dB
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d) SNR=20dB


Figure 6: Evaluation on the performance of BS frequency pre-compensation and Doppler spectrum reconstruction with 2 ports

8 ports with distributed CSI-RS
For legacy UE, one CSI-RS is transmitted in SFN manner as a baseline. Whereas, two CSI-RSs occupying different time and frequency resources are transmitted from two TRPs separately for both enhanced schemes. Precoder used for PDSCH and DMRS transmitted from two TRPs depend on semi-open loop CSI fed back from UE. Two PMIs are measured on two CSI-RS respectively. Besides, Rank=1 is assumed for PDSCH transmission. From the results shown in Figure 7, it can be observed the results are similar to Figure 6. Moreover, it can be easily observed that the performance with 8 ports is better than 2 ports in the same SNR condition.
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a) SNR=5dB
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b) SNR=10dB
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c) SNR=15dB
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d) SNR=20dB


Figure 7: Evaluation on the performance of BS frequency pre-compensation and Doppler spectrum reconstruction with 8 ports
 BS frequency pre-compensation and Doppler spectrum reconstruction both can deal with multiple Doppler shifts and enhance the demodulation performance for HST-SFN. 
 BS frequency pre-compensation outperforms Doppler spectrum reconstruction for HST-SFN.
 BS frequency pre-compensation with distributed TRS can be an effective scheme for HST-SFN in Rel-17. 

Evaluation on SFN and scheme 1a for HST
Scheme 1a is one of the MTRP schemes to enhance the transmission robustness for URLLC specified in Rel-16. In scheme 1a, several layers corresponding to the same transmission block are divided into two parts and transmitted by two TRPs respectively. In Figure 8, BLER performance for HST is compared for scheme 1a and SFN. In the evaluation, assume that UE is located in the middle of two TRPs. Both SFN and scheme 1a are based on BS frequency pre-compensation with distributed TRS and CSI-RS. From the BLER curves, it can be observed that SFN outperforms scheme 1a.
[image: ]
Figure 8: The comparison of SFN and scheme 1a with 8 ports
 SFN scheme outperforms scheme 1a under the fixed TB sizes.
 SFN deployment is more robust for HST, enhancement for HST should focus on SFN rather than other URLLC schemes.
HST-SFN deployment for FR2
The discussion of HST based scheme is mainly focused on FR1 until RAN4 #95e meeting. There seems no discussion for FR2. The only information related to FR2 is the SLS simulation assumption and 30GHz deployment scenario, which can be found in TR 38.802 and TR 38.913. Another open question is the deployment for FR2. 
To simplify the simulation evaluation, it was proposed to use the same deployment parameters as for FR1 as a starting point in the pre-RAN1#102-e email discussion. According to the offline conclusion #3, there are 4 options for HST deployment in FR2.
Alt 2-1: Ds=700m, Dmin=150m
Alt 2-2: Ds=400-500m, Dmin=20-50m
Alt 2-3: Ds=200-300m, Dmin=30-50m
Alt 2-4: Ds=580m, Dmin=5m
where Ds is the distance between two adjacent TRPs and Dmin is the distance between the TRPs and railway track. If SCS is determined as 120kHz for FR2, the CP length will reduce to about 0.586 us. In this case, the design of Ds and Dmin should guarantee the CP length covering the maximum multipath delay.
 The deployment parameters for FR2 needs to be determined by taking the CP length into account. 

Conclusion
In summary, the following observations and proposals are made for Rel-17 HST-SFN enhancement:
1.  Using distributed TRS is beneficial to estimate Doppler shifts and facilitate more accurate CSI feedback from different TRPs instead of SFN TRS.
1.  BS frequency pre-compensation is effective for eliminating Doppler shifts from multiple TRPs.
1.  Doppler spectrum reconstruction can be achieved with distributed TRS, and advanced time-domain interpolation based on it is effective for HST-SFN.
1.  BS frequency pre-compensation and Doppler spectrum reconstruction both can deal with multiple Doppler shifts and enhance the demodulation performance for HST-SFN.
1.  BS frequency pre-compensation outperforms Doppler spectrum reconstruction for HST-SFN. 
1.  SFN scheme outperforms scheme 1a under the fixed TB sizes.

1.  TRPs with distributed TRS is the major scenario for Rel-17 FeMIMO HST discussion.
1.  BS frequency pre-compensation for HST-SFN should consider alignment between UE and gNB on the referred DL RS to adjust UL RS frequency and avoiding switch between different frequencies as much as possible.
1.  Associating the same DMRS port(s) with several TCI states should consider both BS frequency compensation scheme and Doppler spread reconstruction scheme.
QCL-type between the DMRS port(s) and TCI states should be clarified for BS frequency compensation scheme and Doppler spread reconstruction scheme respectively.
1.  BS frequency pre-compensation with distributed TRS can be an effective scheme for HST-SFN in Rel-17.
1.  SFN deployment is more robust for HST, enhancement for HST should focus on SFN rather than other URLLC schemes.
1.  The deployment parameters for FR2 needs to be determined by taking the CP length into account. 
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Annex A
[bookmark: _Ref40286490]Table 1: Link-level simulation assumptions
	Parameter
	Value

	Carrier frequency
	2.6GHz 

	Subcarrier spacing 
	30kHz

	Propagation condition
	CDL-D

	TRP deployment
	Ds=720m, Dmin=120m, TRP height=35m, UE height=1.5m

	Antenna configuration
	2Tx 2Rx; 8Tx 4Rx

	TRS periodicity
	10ms, 2 slot TRS

	DMRS type
	Type 1

	Number of DMRS symbols
	1+1+1

	PDSCH mapping
	Type A, Starting symbol 2, Duration 12

	Bandwidth
	48RB

	MCS
	MCS 4/MCS 13/MCS 17 based on 64QAM table; MCS adaptation

	Rank
	1

	UE speed
	500km/h
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