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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document is the Technical Report for the Study Item on performance enhancements for high speed scenario in LTE.
<Text will be added.>
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

<Text will be added.>
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.
3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
Introduction
4.1
Study item objective

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.
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RRM and demodulation requirements enhancements under identified high speed scenarios
6.1
General
<Text will be added.>
6.2
Identified Scenarios

6.2.1 Proposed scenarios
This clause present the scenarios provided by various interested companies.

· Scenario 1(CMCC; China Unicom)

The descriptions of Scenario 1 are as follows:

· RRHs are connected to one BBU with fiber 

· Multiple RRUs share the same cell ID

· No repeaters installment 

Table 6.2.1-1: Parameters for Scenario 1 

	Parameter 
	Value 

	Carrier FrequencyNote1 
	2.6GHz 

	RRH Railway track distance 
	300m 

	Distance between RRH 
	1km; 1.5km 

	Cell ISD 
	2km; 3km (2RRHs connect to 1 BBU) 

	RRH height (compared to railway track) 
	25m 


· Scenario 2

· Scenario2a (TelecomItalia): 

· RRHs or RAUs is deployed through fiber in tunnel environment

· RRHs or RAUs share the same cell id

· Repeaters are installed on the carriage and distribute signal inside the carriage through leaky cables.

Scenario 2b (TelecomItalia):

· RRHs or RAUs is deployed through fiber in tunnel environment 

· RRHs or RAUs use different cell id

· Repeaters are installed on the carriage and distribute signal inside the carriage through leaky cables.

Scenario 2c (TelecomItalia):

· Leaky cables are used to extend the signal through the tunnel environment

· Repeaters are installed on the carriage and distribute signal inside the carriage through leaky cables.

· Scenario2d (DOCOMO): 

· RRHs or RAUs is deployed through fiber in tunnel environment

· RRHs or RAUs share the same cell id

· Repeaters are not installed on the carriage

· Scenario 2e (DOCOMO):

· RRHs or RAUs is deployed through fiber in tunnel environment 

· RRHs or RAUs share the different cell id

· Repeaters are not installed on the carriage

· Scenario2f (ITRI)：

· RRHs or RAUs is deployed through fiber in tunnel environment

· RRHs or RAUs share the same cell id

· CPEs are installed on the carriage and distribute signal inside the carriage

Scenario 2g (China Unicom):

· Leaky cables are used to extend the signal through the tunnel environment

· No Repeaters/CPE are installed on the carriage
· Scenario 3(TelecomItalia)
· In a portion of the high speed outdoor coverage,  eNB are installed through the railway on same frequencies as public network coverage
· In the remaining cases, the railway is covered with public network only.
· Repeaters are installed on the carriage and distribute signal inside the carriage through leaky cables.
Table 6.2.1-2: Parameters for Scenario 3 

	Parameter 
	Value 

	Carrier Frequency Note1 
	1800 MHz 

	eNB Railway track distance 
	10 meters 

	Distance between eNB 
	5km 

	eNB height (compared to railway track) 
	20m

	Note1:800 MHz is also applied in the practical deployment, 1.8GHz is chosen as the evaluation parameters because of higher Doppler shift.


· Scenario 4 (VDF)

· Outdoor eNB installed through the railway on same frequencies as public network coverage

Table 6.2.1-3: Parameters for Scenario 4 

	Parameter 
	Value 

	Carrier Frequency Note1 
	2600MHz 

	eNB Railway track distance 
	300m 

	Distance between eNB 
	3km

	eNB height 
	25m 

	Note1:800,1800 and 2100MHz are also applied in the practical deployment, 2.6GHz is chosen as the evaluation parameters because of higher Doppler shift.
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