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1 Introduction
In RAN#66, a new study was approved [1]  for high speed scenarios, with the following objectives. In this contribution we discuss RRM aspects, focussing especially on the first aspect of the study item on enhancing requirements up to 350km/h, which is indicated in the objectives as the first priority:
	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. For RRM, the affected requirements are listed as cell identification, measurement reporting delay, RLM, Cell selection/reselection, and measurement accuracy performance. 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 indicated in the SID, the first aspect for RAN4 to agree is the requirements to be enhanced. An important starting point is to consider the appropriate Doppler frequencies to be studied. In annex A, we evaluate Doppler frequency for the highest channel on each downlink band corresponding to a speed of 350km/h. Since we anticipate that 3.6GHz bands for FDD and TDD are used for small cell deployments which would not be appropriate for a high speed train environment, it can be seen that excluding these bands, 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) = 871Hz approximately. In RAN4 TEI12 work, UE measurement accuracy was studied with EVA600 propagation conditions, which corresponds to a speed of approximately 300km/h at 2170MHz or 240km/h at 2690MHz. The high speed train propagation channel was also studied.
Based on RAN4 simulations, the most demanding scenario for measurement accuracy was EVA300, and for this reason a preliminary decision was made when the TEI12 CR was agreed to define the requirement in [EVA300] conditions [2]. The chairman’s notes indicate that this could be revisited if there interest in other possibilities.

Chair: [EVA 300] revisit next meeting on other possibility.

Since RAN4 simulations only consider good implementation practice, and it may be that some bad implementations more readily show problems in EVA600 than EVA300, in a separate TEI12 contribution we propose that the release 12 propagation side conditions are revised to include both EVA300 and EVA600. For an implementation following good practice, EVA600 should be marginally less demanding than EVA300.

Observation 1: Separately we propose to modify TEI12 requirements for measurement accuracy to include EVA600 propagation conditions
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 700Hz at 2170MHz and approximately 875Hz at 2690MHz. 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.
Proposal 1 : HST model is used as the basis for studying requirements with Doppler frequencies greater than 600Hz.
Next we consider the affected areas. The main areas for study are already listed as objectives in the SID, and we discuss them one by one
Cell identification
In principle, cell identification requirements are generic and even in release 8 they apply in different propagation conditions that the UE may experience. In practice, in earlier work on cell identification simulations, RAN4 concentrated on Doppler frequency of up to 70Hz, so the performance of a good implementation has not been verified in RAN4 simulation campaigns. Moreover, there are no test cases in annex A which verify that UEs are able to detect cells in high speed conditions. To address this, we propose that a simulation campaign is carried out for cell detection in HST environment to study whether existing cell identification requirements (eg cell detection in 800ms for Es/Iot=-6dB) can be applied in high speed propagation conditions. 

Proposal 2 :  A simulation campaign is carried out for cell detection in HST environment to study whether existing cell identification requirements (eg cell detection in 800ms for Es/Iot=-6dB) can be applied in high speed propagation conditions
Considering that slow fading is often challenging for cell detection (eg channel coherence times may become hundreds of milliseconds, causing multiple successive attempts at cell detection to fail), we are optimistic that it should be feasible to meet the existing requirement in high speed conditions, although this naturally needs to be verified in the simulation campaign. If this is verified then it should be relatively straightforward to develop an appropriate testcase with coverage up to 350km/h in a subsequent work item phase of the work. Alternatively, suitable core requirements can also be specified in release 13, if any problem with meeting the existing core requirement emerges.
Measurement reporting delay
In 36.133, measurement reporting delay is defined by  “The measurement reporting delay is defined as the time between an event that will trigger a measurement report and the point when the UE starts to transmit the measurement report over the air interface. This requirement assumes that the measurement report is not delayed by other RRC signalling on the DCCH. This measurement reporting delay excludes a delay uncertainty resulted when inserting the measurement report to the TTI of the uplink DCCH. The delay uncertainty is: 2 x TTIDCCH.This measurement reporting delay excludes a delay which caused by no UL resoureces for UE to send the measurement report”. Further requirements indicate that this depends on either the cell identification period or the measurement period, depending on whether the cell is known to the UE or not.  For this reason we consider that measurement reporting delay is partially covered by the earlier considerations on cell identification. Considering the case where the requirement is TMeasurement_Period, Intra or less, it could be beneficial to study whether a shorter measurement period is more appropriate in high speed train environments. However, measurement period is also the duration over which accuracy is defined, so a shorter measurement period would likely imply a less accurate measurement. For this reason, we think that any studies on shorter measurement period requirements are more related to the second phase of work for UE speeds greater than 350km/h, and it would also be necessary to assume that the UE is made aware that it is operating in a high speed environment so that measurement performance is not compromised in lower speed scenarios. For this reason we propose
Proposal 3 : Measurement reporting delay is not addressed during the first phase of the work

Proposal 3 should be read in conjunction with proposal 2, ie this presupposes that the basic cell identification performance of the UE is still investigated at speeds up to 350km/h.

RLM
Radio link monitoring is related to demodulation requirements, in that the RLM functionality is intended to give a good estimate of hypothetical PDCCH BLER relative to Qin and Qout thresholds. In principle the RLM core requirements in 36.133 section 7 should be applicable in different propagation conditions to those used in RLM testing. In practice, the SNR profile used in the RLM test where Qin and Qout are expected to be met will depend on propagation conditions, and it seems desirable in a future work item phase to define a test to verify that the UE performs RLM correctly at speeds of up to 350km/h. To this end,  it would be beneficial to perform PDCCH BLER simulations with appropriate propagation conditions during the SI so that results are ready for any possible work item.

Proposal 4 : Simulations are performed for RLM in high speed train propagation conditions
Measurement accuracy performance
For releases prior to release 12, measurement accuracy was defined with a side condition of AWGN propagation conditions, even though other conditions were considered in earlier simulation work performed by RAN4. In release 12, initial high speed train discussions took place, and requirements have been added for [EVA300] conditions. As discussed earlier in the contribution, we propose to change this to EVA300 and EVA600 which we think should be technically feasible considering that EVA300 has been seen in simulations of good implementation practice to be marginally more demanding than EVA600. Thus it could be stated that release 12 provides measurement accuracy requirements which cover up to approximately 300km/h for band 1. Considering the possible extension to higher speeds in release 13, it appears feasible to investigate higher Doppler, up to 875Hz, noting proposal 1 and using HST profile.
Proposal 4 : Simulations are performed for measurement accuracy beyond 600Hz Doppler in high speed train propagation conditions
Cell selection/reselection
Previously, cell reselection requirements have mainly been developed based on discussion and proposals from interested companies rather than simulation campaigns. All reselection tests are performed in AWGN conditions and although there has been discussion in the past on developing fading reselection test cases for both WCDMA and LTE, these have not resulted in any additional tests.
One issue which affects idle mode, and also DRX requirements in RRC connected state is UE power consumption. Typically requirements assume that UEs measure at most once per DRX cycle. Considering a UE moving at 350km/h and configured with 1.28s DRX cycle, it will move around 125 metres during the DRX off period. The idle mode intrafrequency evaluation period is 5 DRX cycles or 6.4s, during which the UE moves approximately 622 metres at 350km/h. It can easily be seen that even with large cell size, such as 3km or greater, the pathloss to the UE will change significantly during this time, and with 1-1.5km cell size, the UE could even move from cell centre to cell edge during the evaluation period. Fundamentally, 1.28s DRX is not really appropriate for a such a deployment. Shorter DRX cycles do not, however, guarantee significantly better performance, as can be seen from table 4.2.3.3-1, copied from 36.133 as the shortest possible evaluation time in idle mode is 5.12s, corresponding to 497m.

Table 4.2.2.3-1 : Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate, E-UTRAN_intra
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX cycles)

	0.32
	11.52 (36)
	1.28 (4)
	5.12 (16)

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)

	1.28
	32(25)
	1.28 (1)
	6.4 (5)

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)


Since the fundamental issue is that UEs make quite infrequent measurements in idle mode to save power, it could be beneficial to study whether enhanced requirements (meaning shorter detection, measurement and evaluation periods) would be beneficial in idle mode. Naturally, this would mean increased UE measurement activity and power consumption but this seems unavoidable to provide good idle mode reselection behaviour at 350km/h. It is anticipated that many high speed trains provide charging facilities for UEs which may partly mitigate against the increased UE power consumption. At any rate, it is likely that UE standby will not be as good when the UE is operated on a high speed train because more frequent reselections are taking place (implying more frequent decoding of neighbour cell system information) and potentially also more frequent tracking area update procedures. Therefore it seems reasonable to study the impact of shorter Tdetect, Tmeasure and Tevaluate for idle mode in high speed train environments, especially for 0.32s and 0.64s DRX cycles, where the UE is currently not required to make intra frequency measurements on every DRX opportunity.
Since it would be unfortunate to increase the power consumption of UE when configured with these DRX cycles in non high speed operation, it could be possible to enable faster measurements in idle mode for the shorter DRX cycles under network control.

Proposal 5 : The feasibility of shorterTdetect, Tmeasure and Tevaluate for idle mode in high speed train environments, especially for 0.32s and 0.64s DRX cycles is studied
Proposal 6 : To prevent increased UE power consumption, the shorter requirements studied in proposal 5 are assumed to be enabled under network control.
3 Conclusions

In this contribution, we discuss the newly agreed study item on performance enhancements for high speed scenario in LTE from an RRM perspective, focussing on the first phase of the work and speeds up to 350km/h.
To progress with the work, we make the following observation and  proposals. Detailed simulation assumptions related to proposals 

Observation 1 : Separately we propose to modify TEI12 requirements for measurement accuracy to include EVA600 propagation conditions

Proposal 1 : HST model is used as the basis for studying requirements with Doppler frequencies greater than 600Hz.
Proposal 2 :  A simulation campaign is carried out for cell detection in HST environment to study whether existing cell identification requirements (eg cell detection in 800ms for Es/Iot=-6dB) can be applied in high speed propagation conditions
Proposal 3 : Measurement reporting delay is not addressed during the first phase of the work

Proposal 4 : Simulations are performed for measurement accuracy beyond 600Hz Doppler in high speed train propagation conditions
Proposal 5 : The feasibility of shorterTdetect, Tmeasure and Tevaluate for idle mode in high speed train environments, especially for 0.32s and 0.64s DRX cycles is studied

Proposal 6 : To prevent increased UE power consumption, the shorter requirements studied in proposal 5 are assumed to be enabled under network control
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Annex A : Doppler frequency for the highest downlink frequency one each band


	Band
	Duplex mode
	Max DL Frequency
	Doppler for 350km/h

	1
	FDD
	2170 MHz
	703.727584

	2
	FDD
	1990 MHz
	645.353868

	3
	FDD
	1880 MHz
	609.681041

	4
	FDD
	2155 MHz
	698.863108

	5
	FDD
	894MHz
	289.922793

	6
	FDD
	885 MHz
	 

	7
	FDD
	2690 MHz
	872.362766

	8
	FDD
	960 MHz
	311.326489

	9
	FDD
	1879.9 MHz
	609.648611

	10
	FDD
	2170 MHz
	703.727584

	11
	FDD
	1495.9 MHz 
	485.118015

	12
	FDD
	746 MHz
	241.926626

	13
	FDD
	756 MHz
	245.16961

	14
	FDD
	768 MHz
	249.061191

	15
	FDD
	Reserved
	 

	16
	FDD
	Reserved
	 

	17
	FDD
	746 MHz
	241.926626

	18
	FDD
	875 MHz
	283.761123

	19
	FDD
	890 MHz
	288.625599

	20
	FDD
	821 MHz
	266.249008

	21
	FDD
	1510.9 MHz
	489.982492

	22
	FDD
	3590 MHz
	1164.23135

	23
	FDD
	2200 MHz
	713.456537

	24
	FDD
	1559 MHz
	505.581246

	25
	FDD
	1995 MHz
	646.97536

	26
	FDD
	894 MHz
	289.922793

	27
	FDD
	869 MHz
	281.815332

	28
	FDD
	803 MHz
	260.411636

	29
	FDD DL
	728 MHz
	236.089254

	30
	FDD
	2360 MHz
	765.344285

	31
	FDD
	467.5 MHz
	151.609514

	32
	FDD DL
	1496 MHz
	485.150445

	33
	TDD
	1920 MHz
	622.652978

	34
	TDD
	2025 MHz
	656.704312

	35
	TDD
	1910 MHz
	619.409993

	36
	TDD
	1990 MHz
	645.353868

	37
	TDD
	1930 MHz
	625.895962

	38
	TDD
	2620 MHz
	849.661876

	39
	TDD
	1920 MHz
	622.652978

	40
	TDD
	2400 MHz
	778.316222

	41
	TDD
	2690 MHz
	872.362766

	42
	TDD
	3600 MHz
	1167.47433

	43
	TDD
	3800 MHz
	1232.33402

	44
	TDD
	803 MHz
	260.411636


