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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The new WI for HST for LTE was approved in [1] with the following objectives. In this contribution we provide simulation results for different scenarios as required from the core part objectives, and provide further analysis and proposal for unidirectional SFN scenario on how to specify the UE demodulation tests.
The core part of this WI include
· Extend the RRM/demodulation enhancement to CA in release 14 HST scenario [RAN4/RAN2]
· At least, extend Rel-14 RRM/demodulation enhancement to CA case 
· The following new scenario are considered for non-CA case [RAN4]
· [bookmark: OLE_LINK38]The target speed is 500km/h
· SFN scenario defined in TS36.101 and TR36.878 with bidirectional coverage for tunnel and open space 
· SFN scenario defined in TS36.878 with unidirectional coverage for tunnel and open space
· More discussion on how to specify the general unidirectional antenna pattern 
· In addition to SFN scenarios, other deployment scenarios are not precluded
· [bookmark: OLE_LINK39]Evaluate the downlink and uplink demodulation performance under the above scenarios, using the existing LTE CRS/DMRS, and study possible enhancements of the downlink and uplink demodulation under those scenarios, aiming to provide inputs to RAN2 if needed [RAN4] 
· New or modified physical layer reference signals shall not be considered
· Change for PRACH shall not be considered 
· The maximum Doppler shift supported by the LTE CRS/DMRS transmission schemes is to be determined by RAN4
· If RAN4 identifies the necessity for enhancements, define relevant signaling support [RAN4/RAN2]
· Investigate the RRM measurement performance in the high speed scenario [RAN4]
· If RAN4 identifies the necessity for enhancements, define relevant signaling support [RAN4/RAN2]
· Investigate the robustness for RLM in the high speed scenario [RAN4]
·  If RAN4 identifies the necessity for enhancements, define relevant signaling support [RAN4/RAN2]
The performance part of this WI include
· Specify the necessary RRM test cases
· Specify measurement accuracy requirements for the new scenarios
· Specify the necessary UE demodulation performance requirements, and CSI reporting requirements if any
· Specify the necessary BS demodulation performance requirements if any
Evaluation of SFN scenarios and other scenarios
In this chapter we evaluate different scenarios to support high speed vechular up to 500km/h.
Bidirectional vs. Unidirectional SFN scenarios
The setups used for the link simulations are summarized in Error! Reference source not found..

Table 1: Simulation parameters
	Parameter
	Value

	Deployment scenario
	#1
	#2
	#1
	#2

	Ds [m]
	1000

	Dmin [m]
	300
	30
	300
	30

	SFN configuration
	Unidirectional

	Beam rotation towards track
	20º
	5º
	20º
	5º

	Time skewing
	3µs

	UE velocity [km/h]
	350
	500

	Max Doppler [Hz] 
	875
	1250

	UE Receiver
	Realistic receiver, 2RX

	DL bandwidth [MHz]
	20

	DL TX ports
	1 TX

	Outer loop link adaptation
	On
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[bookmark: _Ref431509727]Figure 1: Link simulation results for deployment option #1 with Ds 1000m, Dmin 300m, antenna rotation 20º and bandwidth 20MHz.

[image: ]
[bookmark: _Ref431509729]Figure 2: Link simulation results for deployment option #2 with Ds 1000m, Dmin 30m, antenna rotation 0º and bandwidth 20MHz.
The simulation results for deployment options 1 and 2 are shown in Figure 1 and Figure 2, respectively. 
For option 1 it is observed that at high SNR the throughput becomes about 90% of the maximum theoretical throughput (about 75 Mbps) for UE speed 350km/h, and about 80% of the maximum throughput for UE speed 500km/h. This shows that unidirectional RRH arrangement can be deployed with mainstream antenna specifications as long as the Ds and Dmin are selected properly.
For option 2 it is observed that at 350km/h the UE reaches about the same performance as for option 1 in the unidirectional SFN configuration. For 500km/h there is a performance loss, but still about 85% of maximum throughput is reached.
Observation 1: Unidirectional RRH arrangement can be deployed to support up to 500km/h with commercially available antennas having mainstream specifications as long as Ds and Dmin are selected accordingly.
Observation 2: Bidirectional SFN scenario brings poor performance to support up to 500km/h.
Other NLOS fading scneaiors
In the study, we expect that UE performance with Doppler shift greater than 600Hz needs to be evaluated. For example, using EVA channel with higher speed based on CRS, or TM9 based on DMRS.
· EVA fading condition
· EVA TM9 
EVA fading TM3
Below are simulations for different channel propagation models and configurations shown in Figure 3 and Figure 4.
[image: ]
[bookmark: _Ref410637750]Figure 3: The results from FDD simulations with configuration R.35 for EVA 600 Hz and 843 Hz
[image: HighSpeed_EVA_MCS high]
Figure 4: Simulated performance of PDSCH with MCS20 for Doppler spread from 200 to 850 Hz.

We do not believe that the EVA channel profile realistically models propagation paths in a network dedicated to providing high speed train coverage. In dedicated high speed rail networks, it is expected that track side eNB would be deployed with near line of sight propagation condition to the UE. Such deployments have been studied extensively in the past, and the HST model was developed.
Observation 3: The demodulation of PDSCH using the EVA model with Doppler equal to 843 Hz has a poor performance. The performance degradation when the Doppler spread, in the EVA channel model, increases up to 850Hz is high, 3dB for MCS 19 and more than 8 dB for MCS20.
TM9
In Figure 5, the link level performance of transmission mode TM9 received on an EVA channel.
[image: HighSpeed_TM9, MCS 18_125289]
[bookmark: _Ref410638399]Figure 5: The results from FDD simulations with TM9 for the EVA propagation channel.
In Figure 5 it is shown that the performance of TM9 on a 600Hz channel is very bad. In these simulations that main reason for the bad performance is that the rate of reference symbols when using DMRS is lower than for the case when CRS is used on one or two transmittion antenna ports.
Observation 4: The performance of TM9 at high Doppler spread is poor due to the number of reference symbols is low.
Further analysis for Unidirectional scenarios
Based on the evaluation results above it’s only bringing us the most reliable solution to support 500km/h HST scenarios as unidirectional SFN. In the following we provide further details on the channel model
Channel model 
The channel model for the unidirectional deployment scenario should be based on the SFN scenario in section 6.2.3.1 from [2], “SFN scenario (RRH sharing the same cell id)”. We further evaluate the following scenario
1) Dmin=300m and Ds=1km
For the evaluation of requirements for it is proposed to use 500km/h. Thereby the maximum Doppler frequency is fd= 1250 Hz and the Doppler shift model should be based on the model for unidirectional deployment in section 6.4.3.3 The model of the directional antenna, whether it is an ideal directional antenna or if the model investigated in the TR shall be used has to be discussed. 
The directional antenna as described in the TR is used.


[bookmark: _Ref450831125]Figure 6: Assumed antenna radiation pattern for RRH DL TX and UL RX antennas in Unidirectional SFN scenario.

Direction of the antenna 
In case of the scenario 1? With Ds=1000 m and Dmin=300 m the main lobe shall not be in the same direction as the train, instead it has to be directed to optimize the coverage of the mainlobe. 
The direction from the antenna to the next RRH is 
The Direction of the antenna 




[bookmark: _Ref458521282]Figure 7: Coverage when direction is parallel to the railway track
[bookmark: _Ref458521293]Figure 8: Coverage when direction of the antenna main lobe is 45 degrees rotated compared with the railway track
In Figure 7 and Figure 8, the antenna lobe direction is shown for 0 and 45 degrees compared with the railway track. In evaluations 45 degrees is seen to be a good choice, then the train enters the main lobe just when it passes the RRH, then it will be in the mainlobe until it passes the next RRH. Therefore in the simulations in this paper 45 degress rotation of the antenna pattern is used. 
Number of RRH per cell
In this case the performance is evaluated with a varying number of radioheads in a cell. This is evaluated by having a channel model with 2, 3 or 4 cells transmitting. 
When simulating this we have evaluated both cases when 
1) the mainlobe is directed in the same direction as the train is moving in (Away). Then the mainlobe is always received from behind.
2) the mainlobe is directed in the opposite direction as the train is moving in (Towards) Then the mainlobe is always received from the forward direction. 

We have done simulations with only two RRH:es, one ahead of us and one behind us, with three RRHs, where we have looked into both the case that we have one behind and two RRH:s ahead of the UE and the other case when there is two RRHs behind the UE and one ahead of the UE. Finally the case with four RRHs is simulated, two behind and two ahead of the UE. 
Simulation Results
In Figure 9 the 1000m/300m scenario when antenna patter is Away and Towards the UE direction and two RRH:s are transmitting. The MCS is 19. 
	

[image: ]
[bookmark: _Ref458523142]Figure 9: Unidirectional Scenario 1 (1000/300) MCS={19}, _mask = 0 1 1 0
In this case it is shown that the achievable datarate is almost identical for all speeds from Doppler frequency=75Hz, 875 Hz and 1250 Hz. 

In Error! Reference source not found. to Figure 12, simulations are shown for the cases with three RRH:s (mask 1 1 1 0 and mask 0 1 1 1)  and finally for four RRH:es in the case (mask 1 1 1 1)
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[bookmark: _Ref458523155]Figure 10: Unidirectional Scenario 1 (1000/300)  MCS={19}, _mask = 1 1 1 0
In Figure 10where three RRH:es are active, two behind and one ahead and the antenna lobes are directed Away from the UE and Towards the UE respectively. In the case of Away, there are two basestations in behind where the UE is in the Main lobe and one basestaion in front of the train where the backlobes are seen by the UE. Here we see a degraded performance in lower SNR when the Doppler frequency is 75Hz but not for higher speeds. The UE moving with 500 km/h (1250 Hz) does not reach the maximum bandwidth, the degradation is less than 0.5 Mbps, about 5%.
When the three RRH:es are active, two behind and one ahead and the antenna lobes are directed Towards the UE. In this case there are two basestations in behind where the UE is in the Back-lobes and one basestaion in front of the train where the Main Lobe are received by the UE. Here we hardly see any degraded performance even for higher speed. 
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[bookmark: _Ref458524145]Figure 11: Unidirect_1000_300_MCS_19_0111.png
In Figure 11, where three RRH:es are active, one behind and two ahead of the UE the results for both when the antenna lobes are directed Away from as well as Towards the UE. In this case there are one basestations behind and two basestations in front of the train. Here we see a degraded performance whe UE moving with 350 and 500 km/h ((875 and 1250 Hz respectively) and the antenna pattern is directed towards the train. In this case when the the direction is Towards and there are two radioheads in front of the train there UE receives signals from the Main Lobe of these two cells. This is similar to the degradation for ‘Away’ cells when there are two active RRH:s behind the UE.


[image: ]
[bookmark: _Ref458523293]Figure 12: Unidirect_1000_300_MCS_19_1111.png
The last simulation result for the 1000m/300m scenario where there are four RRH:s active, two ahead and two behind. Here we see the same degradation for the 75Hz Doppler channel as seen for the three path model. There is also a degradation also for high SNR for the 1250 Hz channel and the antennas are directed Away from the train.

Observation 5: Some degradation is seen for 75Hz channel model which needs to be studied further.
Observation 6: Transmissions from two RRH:es when the distance between RRH:es is 1000 m causes degradations of about 5% of the Max throughput due to the UE receives signals in the main lobe from more than one RRH. This is mainly seen for 1250Hz Doppler frequency.
Proposal 1: Only focus on unidirectional SFN scenario for further evaluation in this WI, to support 500km/h. Such scenario was confirmed by multiple operators deployment plans in [3].
Proposal 2: Use 45 degrees rotation of the directive antennas in the RRH:es in the scenario 1000/300m.
Conclusions
In this contribution, we provide proposals on NR UE performance test configurations as following.
Observation 1: Unidirectional RRH arrangement can be deployed to support up to 500km/h with commercially available antennas having mainstream specifications as long as Ds and Dmin are selected accordingly.
Observation 2: Bidirectional SFN scenario brings poor performance to support up to 500km/h.
Observation 3: The demodulation of PDSCH using the EVA model with Doppler equal to 843 Hz has a poor performance. The performance degradation when the Doppler spread, in the EVA channel model, increases up to 850Hz is high, 3dB for MCS 19 and more than 8 dB for MCS20.
Observation 4: The performance of TM9 at high Doppler spread is poor due to the number of reference symbols is low.
Observation 5: Some degradation is seen for 75Hz channel model which needs to be studied further.
Observation 6: Transmissions from two RRH:es when the distance between RRH:es is 1000 m causes degradations of about 5% of the Max throughput due to the UE receives signals in the main lobe from more than one RRH. This is mainly seen for 1250Hz Doppler frequency.
[bookmark: _Hlk506828748]Proposal 1: Only focus on unidirectional SFN scenario for further evaluation in this WI, to support 500km/h. Such scenario was confirmed by multiple operators deployment plans in [3].
Proposal 2: Use 45 degrees rotation of the directive antennas in the RRH:es in the scenario 1000/300m.
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