3GPP TR 36.878 V0.2.0 (2015-08)
Technical Report

3rd Generation Partnership Project;

Technical Specification Group Radio Access Network;

Study on performance enhancements for high speed scenario in LTE 
(Release 13)

[image: image1.jpg]



[image: image2.png]=

A GLOBAL INITIATIVE




The present document has been developed within the 3rd Generation Partnership Project (3GPP TM) and may be further elaborated for the purposes of 3GPP.
The present document has not been subject to any approval process by the 3GPP Organizational Partners and shall not be implemented.
This Report is provided for future development work within 3GPP only. The Organizational Partners accept no liability for any use of this Specification.
Specifications and Reports for implementation of the 3GPP TM system should be obtained via the 3GPP Organizational Partners' Publications Offices.

Keywords

<keyword[, keyword]>

3GPP

Postal address

3GPP support office address

650 Route des Lucioles - Sophia Antipolis

Valbonne - FRANCE

Tel.: +33 4 92 94 42 00 Fax: +33 4 93 65 47 16

Internet

http://www.3gpp.org

Copyright Notification

No part may be reproduced except as authorized by written permission.
The copyright and the foregoing restriction extend to reproduction in all media.

© 2011, 3GPP Organizational Partners (ARIB, ATIS, CCSA, ETSI, TTA, TTC).

All rights reserved.

UMTS™ is a Trade Mark of ETSI registered for the benefit of its members

3GPP™ is a Trade Mark of ETSI registered for the benefit of its Members and of the 3GPP Organizational Partners
LTE™ is a Trade Mark of ETSI registered for the benefit of its Members and of the 3GPP Organizational Partners

GSM® and the GSM logo are registered and owned by the GSM Association

Contents

4Foreword

1
Scope
5
2
References
5
3
Definitions, symbols and abbreviations
5
3.1
Definitions
5
3.2
Symbols
5
3.3
Abbreviations
5
4
Introduction
6
4.1
Study item objective
6
5
RRM and demodulation requirements enhancements under existing high speed scenario
6
5.1
General
6
5.2
RRM requirements enhancements under existing high speed scenario
6
5.2.1 
Simulation assumptions
6
5.2.2 
Performance characterization
6
5.3
UE Demodulation requirements enhancements under existing high speed scenario
6
5.3.1 
Simulation assumptions
6
5.3.2 
Performance characterization
6
5.4
BS Demodulation requirements enhancements under existing high speed scenario
6
5.4.1 
Simulation assumptions
6
5.4.2 
Performance characterization
7
6
RRM and demodulation requirements enhancements under identified high speed scenarios
7
6.1
General
7
6.2
Identified Scenarios
7
6.3
RRM requirements enhancements under identified high speed scenarios
7
6.3.1
Simulation assumptions
7
6.3.2
Performance characterization
7
6.3.3
Possible essential enhancement options
7
6.4
UE Demodulation requirements enhancements under identified high speed scenarios
7
6.4.1
Simulation assumptions
7
6.4.2
Performance characterization
7
6.4.3
Possible essential enhancement options
7
6.5
BS Demodulation requirements enhancements under identified high speed scenarios
8
6.5.1
Simulation assumptions
8
6.5.2
Performance characterization
8
6.5.3
Possible essential enhancement options
8
7
Conclusions
8
Annex A: Change history
8


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.
5
RRM and demodulation requirements enhancements under existing high speed scenario 
5.1
General
Identified scenarios and detailed scenarios descriptions are defined in clause 6.2.1. Scenario 2e, 2g and 4 are regarded as existing high speed scenarios. The performances of the three scenarios are evaluated in this section.
The high speed condition of scenario 2e could reuse channel model for the Scenario 3: Tunnel for multi-antennas specified in TS 36.104 B.3. The high speed condition of scenario 2g could reuse the channel model of Scenario 2: Tunnel with leaky cable specified in TS 25.104 B.4A. The high speed condition of scenario 2g could reuse the channel model of Scenario 1: Open space specified in TS 36.104 B.3. Since the parameters of scenario 2e, 2g and 4 are different of the parameters defined in TS 36.104 and TS 25.104, so the parameters for the three scenarios are listed in Table 5.1-1. In order not to introduce misunderstandings, the UTRA scenarios numbering will be kept here.
Scenario 1 (corresponding to scenario 4 in this SI): Open space

Scenario 2(corresponding to scenario 2g in this SI): Tunnel with leaky cable

Scenario 3(corresponding to scenario 2e in this SI): Tunnel for multi-antennas
Table 5.1-1: Parameters for high speed train conditions

	 Parameter
	Value

	
	Scenario 1 
	Scenario2
	Scenario 3
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5.2
RRM requirements enhancements under existing high speed scenario
From RRM requirements perspective, cell identification, RLM and measurement accuracy performance shall be evaluated under the existing high speed channel with corresponding parameters in Table 5.1-1. 

For simulation evaluation, the Doppler shift variation of scenario 3 is more frequent compared with scenario 1, so in simulation assumptions, scenario 3 for HST conditions is considered. In TS 36.104, the leaky cable scenario is removed. The reason for this removal was no interest in keeping such scenario in the E-UTRA specification. So in this SI, the scenario 2 for HST conditions is not considered also.
5.2.1 
Simulation assumptions

· Simulation assumption for RLM

The link simulations assumptions for out-of-sync and in-sync are shown in table 5.2.1-1 and table 5.2.1-2 respectively.

Table 5.2.1-1: PDCCH/PCFICH transmission parameters for in-sync

	Attribute
	Value

	DCI format
	1C

	Bandwidth
	10 MHz

	Antenna configuration (two cases)
	1x2 and 2x2

	Antenna correlation
	Low

	Channel model
	AWGN, EVA[875],  HST [875] , HST scenario3 in Table5.1-1 

	Aggregation level (CCE)
	4

	Control channel space
	2 symbols

	Ratio of PDCCH RE energy to average RS RE energy
	0 dB, for 1Tx

-3 dB, for 2Tx

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB, for 1Tx

1 dB, for 2Tx

	DRX
	OFF

	L1 evaluation period
	100 ms

	Note 1:
DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212.

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


Table 5.2.1-2: PDCCH/PCFICH transmission parameters for out-of-sync

	Attribute
	Value

	DCI format
	1A

	Bandwidth
	10 MHz

	Antenna configuration (two cases)
	1x2 and 2x2

	Antenna correlation
	Low

	Channel model
	AWGN, EVA[875],  HST [875] , HST scenario3 in Table5.1-1

	Aggregation level (CCE)
	8

	Control channel space
	2 symbols

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB, for 1Tx

1 dB, for 2Tx

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB, for 1Tx

1 dB, for 2Tx

	DRX
	OFF

	L1 evaluation period
	200 ms

	Note 1:
DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212.

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


· Simulation assumption for RSRP/RSRQ accuracy

The link simulations assumptions for RSRP and RSRQ are shown in Table 5.2.1-3.

Table 5.2.1-3: Simulation parameters for measurement

	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

	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
	Baseline: AWGN, EVA[875],  HST [875] , HST scenario3 in Table5.1-1
	AWGN for alignment purposes

	CP Length
	Normal
	

	Frequency band
	2.7 GHz
	

	Ês/Iot
	-8 to +3 dB
	To be varied


· Simulation assumptions for cell search in the existing scenarios for speeds up to 350km/h

Simulation assumption for cell identification are given in Table 5.2.1-4, Table 5.2.1-5, Table 5.2.1-6 and Table 5.2.1-7.

Table 5.2.1-4: Link Simulation Parameters for cell identification

	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1
	Channel 1

	Data and Control PSD relative to RS PSD
	dB
	0
	0
	0

	P-SCH and S-SCH PSD relative to RS PSD
	dB
	0
	0
	0

	Number of RB’s
	
	6
	6
	6

	RB Utilization
	%
	100
	100
	100

	Data Modulation
	-
	QPSK
	QPSK
	QPSK

	Frame Structure Type
	-
	1
	1
	1

	CP Length
	-
	Normal
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0
	0

	1) Relative Delay of 1st Path (synchronous)
	μs
	0
	0
	CP/2

	2) Relative Delay of 1st Path (asynchronous): Fixed delay
	μs
	0
	1.5 μs
	3.0 μs

	Ior/Noc
	dB
	5.18
	0.29
	Test 1:  1.25

Test 2:  0.25

Test 3:  -0.75

	Number of Tx antennas
	-
	1
	1
	1

	P-SCH Sequence ID
	-
	See Table 3, 4
	See Table 3, 4
	See Table 3, 4

	S-SCH Sequence ID [2]
	-
	See Table 3, 4
	See Table 3, 4
	See Table 3, 4

	Propagation Condition
	-
	AWGN with 0Hz offset between desired and interfering cells (for alignment), AWGN with 1750Hz offset between desired and interfering cells

	Ioc Model
	-
	AWGN


Table 5.2.1-5: Other simulation assumption parameters for cell identification

	Simulation parameters
	Comments/values

	Prior knowledge of Cell 1 and Cell 2 by the UE
	Yes

	Cell 1, 2, 3 carrier frequency
	Same

	False detect threshold 
	Required as in a real UE implementation

	UE having apriori knowledge of system being synchronous or synchronous (by signaling)
	No

	Duty cycle
	100% (to represent non-DRX case)

	Performance criterion for comparison
	90th percentile acquisition time for “correct” cell detection of both P-SCH and S-SCH sequence id’s.

	CP length detection
	Both short or long CP may be present, hence UE needs to detect CP length

	Receive antennas
	2  (uncorrelated)


Table 5.2.1-6: Cell ID Combinations to be simulated
	case #
	Cell 3

(Desired Cell)
	Cell 1

(Interferer 1) 
	Cell 2

(Interferer 2)
	Scenario

	 1
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	2
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	3
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	4
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	 5
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	6
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	7
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	8
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous


Table 5.2.1-7: PSC, SSC indices for simulations
	Label
	Code index

	psc1
	29

	psc2
	25

	psc3
	34


	Label
	Code index
	Cell group index [1]

	(ssc1a, ssc1b)
	(6, 8)
	36

	(ssc2a, ssc2b)
	(10, 12)
	40

	(ssc3a, ssc3b)
	(7, 9)
	37

	(ssc1a, ssc3b)
	(6, 9)
	65


5.2.2 
Performance characterization
<Text will be added.>
5.3
UE Demodulation requirements enhancements under existing high speed scenario
<Text will be added.>
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Simulation assumptions
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5.4
BS Demodulation requirements enhancements under existing high speed scenario
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6
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.


6.2.2
Scenario summary
Based on the scenario analysis from RRM and demodulation perspective, the following scenarios are prioritized to be studied,

- Scenario 1 and 2d

- 1st hop of scenario 2c

· Scenario1

· RRHs are connected to one BBU with fiber 

· Multiple RRUs share the same cell ID

· No repeaters instalment 

Table 6.2.2-1: Parameters for Scenario 1 

	Parameter 
	Value 

	RRH Railway track distance 
	300m 

	Distance between RRH 
	1km; 1.5km 

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

	RRH height (compared to railway track) 
	25m 


· Scenario 2d

· 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

Table 6.2.2-2: Parameters for Scenario 2d

	Parameter 
	Value 

	RRH Railway track distance 
	5m 

	Distance between RRH 
	500m 

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


	RRH height (compared to railway track) 
	2.5m 


· Scenario 2c

· 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.

Table 6.2.2-3: Parameters for Scenario 2c 

	Parameter 
	Value 

	Tunnel leaky cable length
	1.5km 

	Slot distance of leaky cable
	TBD

	leaky cable height (compared to railway track) 
	8m 


6.2.3
Possible new channel models

6.2.3.1 SFN scenario (RRH sharing the same cell id)

Doppler shift, tap delay and relative power of SFN channel model are time-variable. 2-tap channel is as baseline.
· Doppler Shift
RRHs are deployed along the railway in sequential order. Path 1 denotes the path from even RRH and path 2 denotes the path from odd RRH. Doppler shifts of two paths are given by:

[image: image7.wmf](

)

,1

1.5

()

s

ss

D

ftft

v

=+

                                                          (6.2.3.1-1)

[image: image8.wmf](

)

,2

0.5

()

s

ss

D

ftft

v

=+

                                                          (6.2.3.1-2)
Where 


[image: image9.wmf](

)

cos()

sd

ftft

q

=

                                                            (6.2.3.1-3)

in which 
[image: image10.wmf]d

f

fv

c

=´

 is the maximum Doppler frequency. The cosine of angle 
[image: image11.wmf](

)

t

q

 is given by:


[image: image12.wmf](

)

(

)

(

)

2

2

min

2

2

min

0.5

,  0</

0.5

1.5

cos(),  /2/

1.5

cosmod(2/),  2/

s

s

s

s

ss

s

ss

Dvt

tDv

DDvt

Dvt

tDvtDv

DDvt

tDvtDv

q

q

-

ì

£

ï

+-

ï

ï

-+

ï

=<£

í

ï

+-+

ï

>

ï

ï

î

                                   (6.2.3.1-4)
 where 
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 is the distance between two neighbour RRH; 
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Doppler shift and cosine angle are given by equation 6.2.3.1-1, 6.2.3.1-2, 6.2.3.1-3 and 6.2.3.1-4, where the required parameters are listed in table 6.2.3.1-1 and table 6.2.3.1-2, according to which the resulting Doppler shift is shown in Figure 6.2.3.1-1 and Figure 6.2.3.1-2, respectively.

Table 6.2.3.1-1: Parameters for SFN scenarios
	 Parameter
	Value
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Table 6.2.3.1-2: Parameters for SFN scenarios
	 Parameter
	Value
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Figure 6.2.3.1-1 Doppler shift trajectory for SFN scenario for Table 6.2.3.1-1
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Figure 6.2.3.1-2 Doppler shift trajectory for SFN scenario for Table 6.2.3.1-2
· Relative power

Signal power received by the UE for each path is given by,

[image: image27.wmf](

)

(

)

2

min

22

min

1

1

,02

()

  mod (2),2

s

s

ss

D

tDv

DvtD

pt

ptDvtDv

ì

<£

ï

-+

=

í

ï

>

î

                      (6.2.3.1-5)

[image: image28.wmf](

)

(

)

21

s

ptptDv

=+

                                            (6.2.3.1-6)
Note that 
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 are normalized to the received power from the nearest RRH provided the distance between RRH and UE is 
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· Tap delay
Time delay of two taps are given by
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6.3
RRM requirements enhancements under identified high speed scenarios
<Text will be added.>
6.3.1
Simulation assumptions

6.3.1.1 SFN scenarios
6.3.1.1.1 RLM

The link simulations assumptions for out-of-sync and in-sync are shown in table 6.3.1.1.1-1 and table 6.3.1.1.1-2 respectively.

Table 6.3.1.1.1-1: PDCCH/PCFICH transmission parameters for in-sync

	Attribute
	Value

	DCI format
	1C

	Bandwidth
	10 MHz

	Antenna configuration (two cases)
	1x2 and 2x2

	Antenna correlation
	Low

	Channel model
	AWGN, EVA[875], SFN

	Aggregation level (CCE)
	4

	Control channel space
	2 symbols

	Ratio of PDCCH RE energy to average RS RE energy
	0 dB, for 1Tx
-3 dB, for 2Tx

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB, for 1Tx
1 dB, for 2Tx

	DRX
	OFF

	L1 evaluation period
	100 ms

	Note 1:
DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212.

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


Table 6.3.1.1.1-2: PDCCH/PCFICH transmission parameters for out-of-sync

	Attribute
	Value

	DCI format
	1A

	Bandwidth
	10 MHz

	Antenna configuration (two cases)
	1x2 and 2x2

	Antenna correlation
	Low

	Channel model
	AWGN, EVA[875], SFN 

	Aggregation level (CCE)
	8

	Control channel space
	2 symbols

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB, for 1Tx

1 dB, for 2Tx

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB, for 1Tx

1 dB, for 2Tx

	DRX
	OFF

	L1 evaluation period
	200 ms

	Note 1:
DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212.

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


6.3.1.1.2 RSRP/RSRQ accuracy

The link simulations assumptions for RSRP and RSRQ are shown in Table 6.3.1.1.2-1.

Table 6.3.1.1.2-1: Simulation parameters for measurement

	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

	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
	Baseline: AWGN, EVA[875], SFN 
	AWGN for alignment purposes

	CP Length
	Normal
	

	Frequency band
	2.7 GHz
	

	Ês/Iot
	-8 to +3 dB
	To be varied


6.3.2
Performance characterization
<Text will be added.>
6.3.3
Possible essential enhancement options
<Text will be added.>
6.4
UE Demodulation requirements enhancements under identified high speed scenarios

<Text will be added.>
6.4.1
Simulation assumptions

In order to evaluation the UE demodulation performance under the new scenario, the link level simulations under both SFN channel model and leaky cable channel model (which is for the channel from leaky cable to repeater in tunnel) will be conducted. The detailed assumptions for the simulation are given in Table 6.4.1-1 and Table 6.4.1-2. The purpose is to investigate the impact of new channel model on the performance of time and frequency tracking and channel estimation. Because the PDSCH duration is relatively long and the PDSCH performance is more subject to Doppler shift compared to the other physical channels. So it is proposed to focus on the evaluation of the PDSCH performance under the new channel models.
Table 6.4.1-1 is the simulation assumptions for the link adaptation evaluation. And Table 6.4.1-2 is the simulation assumptions for fixed MCS evaluation. The simulations corresponding to Table 6.4.1-1 and Table 6.4.1-2 are just for performance evaluation.
Table 6.4.1-1: Simulation assumptions for UE demodulation performance evaluation under the new high speed train scenario (Link adaptation)
	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10

	Duplex mode
	
	FDD

	MCS
	
	Link adaptation with OLLA

	Propagation condition and correlation matrix
	SFN
	
	Dynamic SFN channel as specified in 6.3.1: 

· Doppler shift, relative time delay and relative power change with time;

· Static channel matrix as defined in B.1 in 36.101;

· Velocity of train: 

· Option 1: 350km/h

· Option 2: 30km/h (75Hz)as baseline for performance comparison 

	
	Leaky cable
	
	Channel for leaky cable to repeater in Tunnel: FFS

	Antenna configuration
	
	2x2

	Transmission mode
	
	TM3

	Reference receiver
	
	MMSE-IRC

	Noise estimation
	
	Practical

	Time and frequency track
	
	Practical


Table 6.4.1-2: Simulation assumptions for UE demodulation performance evaluation under the new high speed train scenario (fixed MCS)
	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10

	Duplex mode
	
	FDD

	MCS
	
	TBD

	Propagation condition and correlation matrix
	SFN
	
	Dynamic SFN channel: 

· Doppler shift, relative time delay and relative power change with time;

· Static channel matrix as defined in B.1 in 36.101;

· Velocity of train: 

· Option 1: 350km/h

· Option 2: 30km/h (75Hz)as baseline for performance comparison 

	
	Leaky cable
	
	Channel for leaky cable to repeater in Tunnel: FFS

	Antenna configuration
	
	2x2

	Transmission mode
	
	TM3

	Reference receiver
	
	MMSE-IRC

	Noise estimation
	
	Practical

	Time and frequency track
	
	Practical


To compare the link level performances under the new high speed train scenarios, two optional velocities are assumed in Table 6.4.1-1 and Table 6.4.1-2. The simulation results for both shall be provided.
6.4.2
Performance characterization
<Text will be added.>
6.4.3
Possible essential enhancement options
<Text will be added.>
6.5
BS Demodulation requirements enhancements under identified high speed scenarios

<Text will be added.>
6.5.1
Simulation assumptions

In order to evaluation the BS demodulation performance under the new scenario, the link level simulation under the identified new scenario(s) will be conducted. The detailed assumptions for the simulation are given in Table 6.5.1-1 for PUSCH and in Table 6.5.1-2 for PUCCH. The purpose is to investigate the impact of new channel model on the performance of uplink timing tracking and frequency compensation, and channel estimation. 
To compare the link level performance under the new high speed train scenarios, two optional velocities are assumed in Table 6.5.1-1 and Table 6.5.1-2. The simulation results for both shall be provided.

Table 6.5.1-1: Simulation assumptions for PUSCH demodulation performance evaluation under the new high speed train scenario
FFS

Table 6.5.1-2: Simulation assumptions for PUSCH demodulation performance evaluation under the new high speed train scenario
FFS

6.5.2
Performance characterization
<Text will be added.>
6.5.3
Possible essential enhancement options
<Text will be added.>
7
Conclusions
<Text will be added.>
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