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1 Introduction
In the last RAN meeting, RAN#66 a new SI was agreed with the proposed sheet in [1]. The objectives of the study item are defined below. 

The study item aims at comprehensively enhancing the performance requirements for UE RRM, and UE demodulation up to 350km/h and study enhancing of BS demodulation and UE RRM and UE demodulation above 350km/h to ensure the mobility and throughput performance under the exiting high speed scenario, and at identifying the new high speed scenario and specifying the performance requirements for BS demodulation, UE RRM, and UE demodulation under the identified scenarios. Enhanced performance requirements for existing scenarios, and performance requirements intended for the new high speed scenarios should be assessed in relation to any limitation posed by the existing physical layer and higher layer procedures.The objectives of this study item are followings:
· Comprehensively enhancing of the requirements for UE RRM, UE demodulation and BS demodulation under existing high speed scenario.
· Associated requirements to be enhanced for deployment scenarios with UE velocity at least up to 350km/h as 1st priority :
· UE RRM: Cell identification, measurement reporting delay, RLM, Cell selection/reselection, and measurement accuracy performance
· UE demodulation: PDSCH, PDCCH/PCFICH, PHICH, PBCH, EPDCCH demodulation performance
· UE CSI reporting: CSI reporting performance 

· RAN4 shall first identify the requirements to be enhanced.
· Associated requirements to be studied for deployment scenarios with UE velocity above 350km/h:
· UE RRM: Cell identification, measurement reporting delay, RLM, Cell selection/reselection, and measurement accuracy performance
· UE demodulation: PDSCH, PDCCH/PCFICH, PHICH, PBCH, EPDCCH demodulation performance
· UE CSI reporting: CSI reporting performance
· BS demodulation: PUSCH and PRACH demodulation performance
· Identifying other new conditions to affect the system performance for E-UTRA under high speed environment and investigating BS demodulation, UE demodulation, and UE RRM performance under the identified new high speed scenarios. 
· Identify new high speed train scenarios for enhancements
· The practical deployment scenario for high speed train coverage should be taken into account for evaluation;
· Dedicated network (such as RRH deployments) is deployed in high speed railway
· Separate carriers are utilized for high speed scenario. One carrier with good coverage serves as PCell for mobility management. One carrier at high frequency may provide the good data transmission.
· Public network is deployed along the railways and repeaters are installed in carriages
· Dedicated network is deployed along the railways and repeaters are installed in carriages.
· Deployment where coverage inside tunnels is provided by one or more repeaters

· The practical deployment scenarios and corresponding parameters are welcomed to be provided by interested operators.
· Target moving speed and carrier frequency shall be investigated.
· The channel model for high speed train scenario shall be evaluated. 
· Investigate the RRM performance in high speed train and identify if the enhanced requirements for RRM are needed under the new identified high speed train scenario
· Investigate the system performance under the legacy mobility framework under the new identified high speed train scenario especially for the mobility performance

· Investigate the link performance under legacy high speed channel models including RLM, cell identification and RRM measurement reporting/accuracy et.al.
· Evaluate if the current Cell identification, measurement reporting delay, RLM, Cell selection/reselection, and measurement accuracy performance can be applied under the new identified high speed scenario and if needed, specify additional requirements

· Identify the essential procedure enhancement under high speed train scenario if needed
· Handover procedure enhancement
· Interference coordination procedure enhancement
· Investigate the BS/UE performance in high speed train scenario, and identify the enhanced requirements for demodulation and CSI reporting performance.
· Evaluate the performance of different downlink channels, under the new identified high speed train scenarios, and identify the need of introducing the new demodulation requirements
· Investigate the propagation conditions under the new identified deployment scenario for high speed train, and provide the new channel model and the corresponding new requirements if needed. 
· The demodulation requirements to be studied and enhanced (if needed) include:
· PDSCH, PDCCH/PCFICH, PHICH, PBCH, EPDCCH demodulation performance 
· Evaluation the performance of the different uplink channels under the new identified high speed train scenarios, and identify the need of introducing the new uplink demodulation performance requirements
· Investigate the propagation conditions under the new identified deployment scenario for high speed train, and provide the new channel model and the corresponding new requirements if needed. 
· The demodulation requirements to be studied and enhanced (if needed) include:
· PUSCH, PRACH
· Evaluation the CSI reporting performance under the new identified high speed train scenarios and study the need of introducing the new CSI reporting requirements.
2 Discussion

The SID objectives can be considered to involve two phases of work. The first phase relates to velocities up to 350km/h and enhancement of the requirements. As a second priority, requirements with velocities above 350km/h are to be studied. This contribution focusses on the first area and requirements for speeds of up to 350km/h. As pointed out in [2] the highest carrier frequency which needs to be considered for either FDD or TDD is 2690MHz, which has a resulting Doppler frequency at 350km/h of (350*1000/3600) * (2.69×109/c) = 872Hz approximately. In RAN4 TEI12 work, UE has been simulated with EVA600 propagation conditions, which corresponds to a speed of approximately 249km/h at 2600MHz. 

In the study, we expect that UE performance with Doppler shift greater than 600Hz needs to be evaluated. For example, 350km/h corresponds to approximately 843 Hz at 2600MHz as EVA843 and 875 Hz at 2690MHz as HST model. In the following chapters we provide evaluation results for the following 5 study items with speed up to 350km/h.
· EVA843, 64QAM, same as R4-146958: Rel-12

· HST 350km/h @ 2.6GHz, 

· PDCCH and the other control channels
· TM9 

· 4x2 TM3
2.1 EVA 843 TM3

Below are simulations for different channel propagation models and configurations shown in Figure 1 when TM3 is used on EVA600 and EVA843 propagation channels.
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Figure 1: The results from a FDD simulations with configuration R.35 for EVA 600 Hz and 843 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 1: The demodulation of PDSCH using the EVA model with Doppler equal to 843 Hz has a poor performance.
Proposal 1: HST model is used as the basis for studying requirements with Doppler frequencies greater than 600Hz.

2.2 HST with 350km/h
The HST model exsits since Rel-8 with the simulation assumption listed in Table 1. With speed up to 350km/h the maximum Doppler is 875Hz also shown in Table 1.
Table 1: Test Definition for R.10 FDD and TDD results

	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration

	
	
	
	
	
	

	FDD 1
	10 MHz
	R.2 FDD
	OP.1 FDD
	HST 750 and 875 Hz
	1x2

	FDD 2
	10 MHz
	R.10 FDD
	OP.1 FDD
	
	2x2

	TDD 1
	10 MHz
	R.2 TDD
	OP.1 TDD
	
	1x2

	TDD 2
	10 MHz
	R.10 TDD
	OP.1 TDD
	
	2x2


Next four figures, Figure 2-Figure 5, with the results from simulations of the HST propagation model for  both single and two antenna ports for FDD and TDD are shown. 
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Figure 2: The results from the Single antenna port FDD simulations for HST 750 Hz and 875 Hz
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Figure 3: The results from the Single antenna port TDD simulations for HST 750 Hz and 875 Hz
[image: image4.png]Throughput [Mbps]

R10_FDD

35

25

15

SNR [dB]




Figure 4: The results from the two antenna ports FDD simulations for HST 750 Hz and 875 Hz
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Figure 5: The results from the two antenna ports FDD simulations for HST 750 Hz and 875 Hz
The conclusion from the PDSCH simulations with a HST propagation model is shown in Table 2, and the corresponding requirement for Rel-12 HST is also shown as a reference.  

Table 2 SNR points at 70% maximum TP
	Test number
	Rel-12 Requirement 
600 Hz
	Simulation
600 Hz
	Simulation
875 Hz

	
	SNR (dB)
	SNR (dB)
	SNR (dB)

	FDD 1
	-2.4
	-4.2
	-4.2

	FDD 2
	-2.3
	-4.2
	-4.2

	TDD 1
	-2.6
	-3.8
	-3.8

	TDD 2
	-2.3
	-3.7
	-3.7


Observation 2: The HST test is more like an AWGN test when the AFC is designed in a proper way.

Observation 3: It’s feasible to extend the existing HST model to support 350 km/h.

Observation 4: With channel estimation filter adative to support 600Hz the throughput performance keeps the same with 350km/h as 300km/h.

Observation 5: The PDSCH link level performance for HST 300 km/h and 350 km/h are identical. 
2.3 Control channels under high speed

When it comes to control channels such as PBCH, PHICH and PCFICH/PDCCH, as long as the channel estimation (CE) for such channels are based on CRS then the filter design will also have negative impact under EVA600 if it’s limited to certain Doppler not covering up to 600Hz.

2.3.1 PBCH results

Figure 6~8 show the PBCH BLER based on one TTI as 40ms for 1x2, 2x2 and 4x2 test configurations with the limited CE filter design up to 300Hz. It can be seen the PBCH decoding is still quite robust under EVA600. The reasons can be 1) PBCH is designed with very low code rate with low modulation order. 2) 1 TTI is 40ms with combining gain from earlier decoding on the previous 10ms with 3 more tempts.

Observation 6: PBCH has robust performance under EVA600 even with channel estimation filter limited to 300Hz.
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Figure 6 PBCH BLER for 1x2
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Figure 7 PBCH BLER for 2x2
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Figure 8 PBCH BLER for 4x2

2.3.2 PHICH

For PHICH channels as it contains the UL ACKNACK information so it doesn’t really impact the DL UE TP performance so this channel can be ruled out from the negative contribution for the bad performance on PDSCH as shown from the test compaign. And with the CE filter adaptive to 600Hz this channel should be well covered with good performance so this PHICH channel can be skipped for the evaluation here.

Observation 7: No need to evaluate PHICH performance because it doesn’t impact DL PDSCH TP performance.

2.3.3 PDCCH/PCFICH

Figure 9~11 show PDCCH BLER for different aggregated levels as 8, 4, 2 CCEs with CE filter fixed to 300Hz. 
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Figure 9 PDCCH BLET for 8CCE 1x2 low
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Figure 10 PDCCH BLER for 4 CCE 2x2 low
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Figure 11 PDCCH BLER for 2 CCE 4x2 medium
So with higher aggregated level such as 8 and 4 CCEs the PDCCH BLER can reach good number under EVA600 as shown in Figure 9 and 10. When it’s with the smallest number of CCEs as 2 the BLER has error floor under EVA600 as shown in Figure 11. However when the filter is updated with the support of up to 600Hz the PDCCH BLER can be as good as EVA200 also shown in Figure 9. But the proper filter design should be well verified by the PDSCH test in EVA600.

Observation 8: With higher aggregated levels as 8 and 4 the PDCCH BLER can be good enough under EVA600 with channel estimation filter limited to 300Hz.
Observation 9: With low aggregated level as 2 the PDCCH BLER has good performance under EVA600 with channel estimation filter adaptive to 600Hz.
Also when under such very high Doppler scenario the system should make the scheduler adapted to a best effort case with maximum number of CCEs transmitted in PDCCH in order to have a better chance to decode PDCCH. So under very high Doppler scenario the user case of the smallest aggregated level as 2 is rare in order to keep good PDCCH decoding rate with bigger aggregated level.
Observation 10: Under EVA600 the eNB scheduler should make best effort so it’s expected to have higher aggregated level than 2.

With all observations above for control channels under EVA600 either the performance are good enough with CE filter limited to 300Hz or the bad performance can be fixed by CE filter adaptive to 600Hz and the CE filter design up to 600Hz could be covered by PDSCH test already so with no new test for control channel there is no performance risk.

Proposal 2: No need to define new tests for control channels such as PBCH, PHICH, and PDCCH/PCFICH under EVA600 or higher speed.

2.4 TM9
In Figure 12, the link level performance of transmission mode TM9 received on an EVA channel.
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Figure 12: The results from FDD simulations with TM9 for the EVA propagation channel.
In Figure 12 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 11: The performance of TM9 at high Doppler spread is poor due to the number of reference symbols is low.
Proposal 3: Deployment with TM9 under high speed should be cautious with poor performance expected.

2.5 PDSCH with 4 CRS AP
Finally a case where there are 4 CRS AP and thus the number of symbols containing CRS is lower for port 2 and port 3 is simulated and the performance is shown in Figure 13. 
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Figure 13: The results from FDD simulations with 4 CRS AP for the EVA propagation channel.
The performance when 4 CRS AP are used is degraded when the Doppler frequency is 600Hz as shown in Figure 13. The rational for this degradation is the same as the degradation for TM9, the number of reference symbols is decreased for some of the ports and thereby the maximum Doppler that can be handled is also decreased.
Observation 12: The performance when 4 CRS AP are used at high Doppler spread is poor due to the number of reference symbols is low.
Proposal 4: Deployment with 4 CRS AP under high speed should be cautious with poor performance expected.
3 Conclusions

In this contribution we provide the simulation results for different study items with the following observations and proposals.

Observation 1: The demodulation of PDSCH using the EVA model with Doppler equal to 843 Hz has a bad performance.

Observation 2: The HST test is more like an AWGN test when the AFC is designed in a proper way.

Observation 3: It’s feasible to extend the existing HST model to support 350 km/h.

Observation 4: With channel estimation filter adative to support 600Hz the throughput performance keeps the same with 350km/h as 300km/h.

Observation 5: The PDSCH link level performance for HST 300 km/h and 350 km/h are identical.
Observation 6: PBCH has robust performance under EVA600 even with channel estimation filter limited to 300Hz.

Observation 7: No need to evaluate PHICH performance because it doesn’t impact DL PDSCH TP performance.

Observation 8: With higher aggregated levels as 8 and 4 the PDCCH BLER can be good enough under EVA600 with channel estimation filter limited to 300Hz.
Observation 9: With low aggregated level as 2 the PDCCH BLER has good performance under EVA600 with channel estimation filter adaptive to 600Hz.
Observation 10: Under EVA600 the eNB scheduler should make best effort so it’s expected to have higher aggregated level than 2.

Observation 11: The performance of TM9 at high Doppler spread is poor due to the number of reference symbols is low.
Observation 12: The performance when 4 CRS ports are used at high Doppler spread is poor due to the number of reference symbols is low.
Proposal 1: HST model is used as the basis for studying requirements with Doppler frequencies greater than 600Hz for the Rel-13 SI. 
Proposal 2: No need to define new tests for control channels such as PBCH, PHICH, and PDCCH/PCFICH under EVA600 or higher speed.

Proposal 3: Deployment with TM9 under high speed should be cautious with poor performance expected.

Proposal 4: Deployment with 4 CRS under high speed should be cautious with poor performance expected.
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