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Discussion
1 
Introduction
In last RAN#66 meeting a new SI of performance enhancement for high speed scenario was approved [1]. This new SI aims to enhance RRM and demodulation requirements in RAN4 under both existing high speed scenarios above 350km/h and new high speed scenarios. 
In this paper we present our preliminary views on this SI firstly. Then an overall work plan for this SI is suggested.
2 
Discussion
For this new SI of performance enhancement for high speed scenario [1], there are two kinds of scenarios shall be investigated.

1) Existing high speed scenario with UE velocity at least up to 350km/h
2) New high speed scenarios beyond TEI12
Before digging into performance evaluation, several issues should be clarified.
· Issue 1: Exact definition of “high speed scenario”

For high speed scenarios in TEI12, RRM performance requirements in terms of RSRP and RSRQ were extensively discussed [2] [3]. Consequentially the new band agnostic requirements were agreed in [4]. Unlike what has been done in TEI12 where the highest Doppler shift and/or frequency is specified, this SI defines the high speed scenario in terms of UE’s velocity. Depending on the operating band, the corresponding Doppler frequency/shift can vary significantly. 
Observation 1: The definition of high speed scenarios in [1] are need to be clarified. Otherwise, it is not feasible to specify a band agnostic requirement as done in TEI12.  
Proposal 1a: If the high Doppler scenario is defined in terms of UE velocity, operators’ inputs are expected to clarify the operating bands.

Observation 2: On the other hand, if band agnostic requirements for high speed scenarios are aimed, the high speed scenarios should be defined in terms of Doppler frequency/shift instead of UE speed.
Thus the other alternative of Proposal 1a can be:
Proposal 1b: The high speed scenarios should be defined in terms of Doppler frequency/shift.
· Issue 2: Methodology to define the new RRM requirements for the existing high speed scenario up to 350km/h
In TEI12 the high Doppler requirements are defined EVA600/HST. If the maximum Doppler frequency/shift are decided in this SI, the similar methodology can be used to analysis the potential RRM performance impacts. 
On the other hand, in order to minimize RAN4’s efforts to define redundant RRM performance requirements, a single set of RRM requirements should be defined for all high speed scenarios. 
Proposal 2: In RAN4, a unified RRM requirement set for all high speed scenarios is more preferable.
More specifically, in the figures below, RSRP and RSRQ simulation results under high speed scenarios are provided. The corresponding simulation assumptions can be found in Appendix also.
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Figure 1. Simulation results of RSRP
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Figure 2. Simulation results of RSRQ


Observation 4:  Even with the Doppler frequency shift difference between these two existing high speed scenarios in SID [1] and in TEI12, the performance degradation is limited.
· Issue 3: Prioritize the new high speed scenarios
In SI [1], several new high speed scenarios are suggested to be studied: 
· 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

These scenarios are different from the existing high speed scenarios in TEI12 (EVA600 and HST). However, in principle RAN4 could not define the requirements for the specific scenarios. At same time, the different scenarios should come with very different channel model and simulation assumptions. It may be challenged to thoroughly study all listed scenarios within the target time frame for this SI. From this view point, it is suggested to prioritize the new scenarios based on operators’ input.
Proposal 3: The operators’ input are expected to prioritize new high speed scenarios in [1].
Proposal 4: No scenario specific requirements are need to be defined.

· Issue 4: Suitable channel models for the new high speed scenarios
Meanwhile, in order to evaluate the performance of these new scenarios, the proper channel models shall be considered. In TEI12 two types of channel models (HST and EVA600) are investigated. One of key difference between HST and EVA600 channel is the multi path profile. HST is modeled for the high speed train in [6] with 1 single path indeed, but EVA is for multiple path. 

The channel models for new scenarios become more complicated than the case in TEI12. For example, in one of new high speed scenarios in the SID [1], the pico/micro cells (e.g.RRH) may be co-deployed with the macro cells along the railway as shown in Figure 3. Obviously, both HST and EVA channel model cannot be used to properly represent this case. More specifically, HST is not good for multipath and EVA is not be able to reflect the sudden Doppler shift changing. Generally, the suitable channel models for new high speed scenarios shall be investigated. 
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Figure 3. New high speed train scenario
Proposal 5: The suitable channel models for the new high speed scenarios in [1] shall be investigated.
3 Proposed work plan of SI

As addressed in the section 2 above, some clarifications before investigating the RRM requirements for high speed scenarios [1] are needed. Therefore, we proposed an overall work plan of this SI as: 

Proposal 6: The overall work plan for SI (Performance enhancements for high speed scenario) from RAN4 perspective can be:
	· Step 1. Clarify the definition of the high speed scenarios 
· Step 2. Prioritize these new high speed scenarios in [1]and define the corresponding channel models 

· Step 3. Decide the methodology to define the unified requirement for all considered scenarios
· Step 4. Identify the potential RRM aspects for the new requirement (e.g. RLM, RSRQ) for all considered scenarios  
· Step 5. Agreements on simulation assumptions for RRM performance evaluation
· Step 6. Simulation results alignment 
· Step 7. Define test cases and performance requirements  
· Step 8. Drafts CRs 


4 
Conclusion
In this contribution, our preliminary views on SI of Performance enhancements for high speed scenario [1] are presented. In conclusion, the following proposals can be drawn: 
Proposal 1a: If the high Doppler scenario is defined in terms of UE velocity, operators’ inputs are expected to clarify the operating bands.

Proposal 1b: The high speed scenarios should be defined in terms of Doppler frequency/shift.
Proposal 2: In RAN4, a unified RRM requirement set for all high speed scenarios is more preferable.
Proposal 3: The operators’ input are expected to prioritize new high speed scenarios in [1].

Proposal 4: No scenario specific requirements are need to be defined.

Proposal 5: The suitable channel models for the new high speed scenarios in [1] shall be investigated.
Proposal 6: The overall work plan for SI (Performance enhancements for high speed scenario) from RAN4 perspective can be:
	· Step 1. Clarify the definition of the high speed scenarios 

· Step 2. Prioritize these new high speed scenarios in [1]and define the corresponding channel models 

· Step 3. Decide the methodology to define the unified requirement for all considered scenarios

· Step 4. Identify the potential RRM aspects for the new requirement (e.g. RLM, RSRQ) for all considered scenarios  

· Step 5. Agreements on simulation assumptions for RRM performance evaluation

· Step 6. Simulation results alignment 

· Step 7. Define test cases and performance requirements  

· Step 8. Drafts CRs 
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6 Appendix
6.1. SI objectives

	1) 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
2) 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.


6.2. Simulation assumptions
Table 1: Simulation parameters for RSRP/RSRQ measurement [7]
	Parameters
	Value
	Comments

	Measurement bandwidth
	6 resource blocks
	Both RSRP and RSSI measured over 6 RB

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	200 ms
	

	Measurement sampling rate
	-
	Implementation dependent (NOTE 1)

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	2
	The receive diversity rule as defined in TS 36.214. Both antennas with equal gain, no correlation between them.

	DRX/DTX
	OFF
	DRX/DTX to be considered at later stage

	Propagation conditions
	EVA 
	NOTE2
Independent fading for cell 1 and cell 2 with the same cannel model. 

	CP Length
	Normal
	

	TDD Uplink-downlink configuration
	1
	

	TDD Special sub-frame configuration
	4
	

	Time offset between TDD cells 
	0 second
	

	Frequency band
	2.0 GHz
	

	Noc 
	-70 dBm/15kHz
	AWGN

	Es/Noc (cell 1)
	(6dB,-4.7dB,0dB)
	

	Es/Noc (cell 2)
	(1dB,-4.7dB,0dB)
	

	Ês/Iot (cell 1)
	(2.5dB,-6dB,-3dB)
	Derived from Noc and Es/Noc

	Ês/Iot (cell 2)
	(-6dB,-6dB-3dB)
	Derived from Noc and Es/Noc

	Target cell
	Cell 2
	For absolute accuracy)

	NOTE 1: Encourage companies to provide the details of the measurement sampling rate for interpretation and comparison of the results.
NOTE 2: AWGN channel is for alignment purpose. 


Simulation Metrics
· The CDF curves are to be provided for without RF impairment margin:
· Case 1: 
Absolute Delta RSRP   = (estimated RSRP for cell2 – ideal RSRP for cell 2) 
[dB]  

· Case 2:
Absolute Delta RSRQ  = (estimated RSRQ for cell2 – ideal RSRQ for cell 2) 
[dB]  
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