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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

In some countries, several vehicles move with the speed over than 300km/h, e.g., Japan Tohoku Shinkansen (320km/h), German ICE (330km/h), AGV Italo (400km/h), and Shanghai Maglev (430km/h). With the increase of high speed moving environment, the demand of using mobiles in such an environment in E-UTRA is growing larger. Therefore, it is important to guarantee the performance under such environment in E-UTRA. 
However, in the current 3GPP specifications, since the maximum speed guaranteed in BS performance is up to 350km/h, it would be challenging to keep up with the speed of vehicles moving around 400km/h. In addition, since the speed guaranteed in BS demodulation, UE demodulation, and UE RRM specifications are different, even though the speed up to 350km/h is guaranteed in BS specification, the same speed cannot also be ensured in UE demodulation and UE RRM specification as well. Given the fact above, it is essential to comprehensively revisit and enhance the existing requirements to ensure the system performance under high speed environment in E-UTRA. 
In addition, due to different commercial network deployment scenarios of operators and surrounding environments (downtown/suburban or mountain areas), there may exist some issues/scenarios that the current specified requirements may not be able to cover and to guarantee the solid performance. Therefore, it would be worth investigating potential issues/scenarios and identifying some new requirements to ensure them from various aspects where the current requirements are missing now. 
The present document is the Technical Report for the Study Item on performance enhancements for high speed scenario in LTE.
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".
[2]
3GPP TS 36.104: "Radio Resource Control Base Station (BS) radio transmission and reception".

[3]
3GPP TS 25.104: "Base Station (BS) radio transmission and reception (FDD)".
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3GPP TS 36.212: "Multiplexing and channel coding".
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3GPP TS 36.211: "Physical channels and modulation".
[6]
3GPP TS 36.331: "Radio Resource Control (RRC); Protocol specification ".
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].

3.2
Symbols

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

[…]
Values included in square bracket must be considered for further studies, because it means that a decision about that value was not taken.
Ioc
The power spectral density (integrated in a noise bandwidth equal to the chip rate and normalized to the chip rate) of a band limited noise source (simulating interference from cells, which are not defined in a test procedure) as measured at the UE antenna connector.

Ês
Received energy per RE (power normalized to the subcarrier spacing) during the useful part of the symbol, i.e. excluding the cyclic prefix, at the UE antenna connector
Iot
The received power spectral density of the total noise and interference for a certain RE (power integrated over the RE and normalized to the subcarrier spacing) as measured at the UE antenna connector

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].
AWGN
Additive White Gaussian Noise
BS
Base Station

CPE
Customer Premise Equipment

CSI
Channel-State Information 

DCI
Downlink Control Information

DRX
Discontinuous Reception

DTX
Discontinuous Transmission

eNB
E-UTRAN NodeB

EPDCCH
Enhanced Physical Downlink Control CHannel

ETU
Extended Typical Urban model

EVA
Extended Vehicular A model

FDD
Frequency Division Duplex

HST                     High speed train

ISD                      Inter-Site Distance

MMSE-IRC         MMSE-Interference Rejection Combining
PBCH
Physical Broadcast Channel PCFICH
PDCCH
Physical Downlink Control CHannel

PHICH
Physical Hybrid-ARQ Indicator CHannel

PRACH
Physical Random Access Channel

PSDCH
Physical Sidelink Discovery CHannel

PSS
Primary Synchronization Signal

PUCCH
Physical Uplink Control CHannel

PUSCH
Physical Uplink Shared Channel

RAU
Radio Access Unit

RB
Resource Block

RE
Resource Element
RLM
Radio Link Monitor
RRC
Radio Resource Control

RRH
Remote Radio Head

RRM
Radio Resource Management

RSRP
Reference Signal Received Power

RSRQ
Reference Signal Received Quality               
SFN
Signal Single Frequency Network

SSS
Secondary Synchronization
UE
User Equipment

UL
Uplink
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 
· Evaluate 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
· Evaluate 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 [2]. 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 [3]. The high speed condition of scenario 4 could reuse the channel model of Scenario 1: Open space specified in TS 36.104 B.3[2]. Since the parameters of scenario 2e, 2g and 4 are different of the parameters defined in TS 36.104 [2]and TS 25.104 [3], 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 [2], 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 either.
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, EVA875,  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 [4].

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, EVA875,  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 [4].

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, EVA875,  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 assumptions 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 5.2.1-6, Table 5.2.1-7
	See Table 5.2.1-6, Table 5.2.1-7
	See Table 5.2.1-6, Table 5.2.1-7

	S-SCH Sequence ID [5]
	-
	See Table 5.2.1-6, Table 5.2.1-7
	See Table 5.2.1-6, Table 5.2.1-7
	See Table 5.2.1-6, Table 5.2.1-7

	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 [5]

	(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

In this clause the RRM performance are evaluated by using link level simulation based on the simulation assumptions in clause 5.2.1. 
5.2.2.1
RLM
5.2.2.1.1
Simulation Results
· Simulation results for existing high speed scenarios

Table 5.2.2.1-1 and Table 5.2.2.1-2 provides the simulation results. 

Table 5.2.2.1-1: simulation results for PDCCH performance (Huawei) [R4-154771]

	AWGN
	EVA875
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	HST 875
	HST scenario3 in Table5.1-1
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From the simulation results the Qin and Qout levels can be derived as follows in the Table 5.2.2.1-2, which includes the verification point for different high speed channel.

Table 5.2.2.1-2: SNR value of Qin/Qout (Unit:dB) (Huawei) [R4-154771]

	Antenna configuration
	Verification point
	Channel Model

	
	
	AWGN
	EVA 875Hz
	HST 875Hz
	HST Scenario 3 in Table 5.1-1

	1x2
	Qout
	-12.14
	-8.91
	-9.35
	-9.44

	
	Qin
	-7.23
	-4.14
	-5.11
	-5.11

	2x2
	Qout
	-12.17
	-9.60
	-9.64
	-9.67

	
	Qin
	-7.24
	-5.01
	-5.21
	-5.24


5.2.2.1.2
Summary
Based on simulation results (from Huawei), the PDCCH performance difference between the existing high speed scenarios and Rel-8 test channels shall be observed.
5.2.2.2
RSRP/RSRQ measurement accuracy

5.2.2.2.1
Simulation results

Simulation results for RSRP and RSRQ measurement accuracy under AWGN, EVA875, HST875 and HST scenario3 in Table 5.1-1 channels are provided in this section.

Table 5.2.2.2.1-1: Simulation results for AWGN [Huawei: R4-154775]

	SNR (dB)
	AWGN RSRP accuracy
	AWGN RSRQ accuracy

	
	5%
	50%
	95%
	relative
	5%
	50%
	95%

	-8
	-1.51
	0.88
	2.51
	-2.39
	-1.53
	0.89
	2.47

	-7
	-1.2
	0.67
	2.06
	-1.87
	-1.18
	0.65
	2.02

	-6
	-1
	0.59
	1.84
	-1.59
	-0.99
	0.57
	1.82

	-5
	-0.82
	0.48
	1.68
	-1.3
	-0.76
	0.45
	1.66

	-4
	-0.69
	0.43
	1.45
	-1.12
	-0.64
	0.43
	1.39

	-3
	-0.55
	0.38
	1.13
	-0.93
	-0.53
	0.37
	1.14

	-2
	-0.51
	0.31
	1.04
	-0.82
	-0.48
	0.31
	0.99

	-1
	-0.44
	0.28
	0.93
	-0.72
	-0.42
	0.26
	0.89

	0
	-0.33
	0.24
	0.77
	-0.57
	-0.32
	0.23
	0.72

	1
	-0.31
	0.21
	0.73
	-0.52
	-0.29
	0.2
	0.7

	2
	-0.27
	0.19
	0.65
	-0.46
	-0.25
	0.19
	0.6

	3
	-0.24
	0.15
	0.56
	-0.41
	-0.24
	0.13
	0.52


Table 5.2.2.2.1-2: Simulation results for EVA875 [Huawei: R4-154775]

	SNR (dB)
	EVA875 RSRP accuracy
	EVA875 RSRQ accuracy

	
	5%
	50%
	95%
	relative
	5%
	50%
	95%

	-8
	-2.17
	0.28
	2.11
	-2.45
	-2.01
	0.32
	2.17

	-7
	-2.03
	0.18
	1.76
	-2.21
	-2.06
	0.24
	1.75

	-6
	-1.59
	0.1
	1.58
	-1.69
	-1.61
	0.14
	1.58

	-5
	-1.5
	-0.02
	1.29
	-1.48
	-1.39
	0.01
	1.28

	-4
	-1.35
	-0.05
	1.05
	-1.3
	-1.23
	-0.04
	1.06

	-3
	-1.08
	-0.04
	0.93
	-1.04
	-1.03
	-0.02
	0.92

	-2
	-1.01
	-0.1
	0.75
	-0.91
	-0.93
	-0.07
	0.86

	-1
	-0.94
	-0.11
	0.62
	-0.83
	-0.81
	-0.07
	0.6

	0
	-0.81
	-0.11
	0.54
	-0.7
	-0.77
	-0.09
	0.53

	1
	-0.74
	-0.12
	0.44
	-0.62
	-0.64
	-0.09
	0.46

	2
	-0.66
	-0.13
	0.34
	-0.53
	-0.61
	-0.12
	0.35

	3
	-0.6
	-0.15
	0.28
	-0.45
	-0.56
	-0.13
	0.28


Table 5.2.2.2.1-3: Simulation results for HST875 [Huawei: R4-154775]

	SNR (dB)
	HST875 RSRP accuracy
	HST875 RSRQ accuracy

	
	5%
	50%
	95%
	relative
	5%
	50%
	95%

	-8
	-1.35
	0.74
	2.98
	2.24
	-1.45
	0.73
	2.4

	-7
	-1.32
	0.68
	2.12
	2
	-0.31
	0.66
	2.1

	-6
	-1
	0.66
	1.85
	1.66
	-0.93
	0.64
	1.81

	-5
	-0.92
	0.43
	1.58
	1.35
	-0.94
	0.43
	1.52

	-4
	-0.7
	0.37
	1.37
	1.07
	-0.73
	0.37
	1.35

	-3
	-0.57
	0.33
	1.2
	0.9
	-0.59
	0.33
	1.15

	-2
	-0.5
	0.28
	1.01
	0.78
	-0.51
	0.24
	0.96

	-1
	-0.49
	0.2
	0.91
	0.71
	-0.48
	0.19
	0.83

	0
	-0.41
	0.2
	0.78
	0.61
	-0.42
	0.18
	0.75

	1
	-0.39
	0.16
	0.65
	0.55
	-0.38
	0.15
	0.62

	2
	-0.34
	0.11
	0.57
	0.46
	-0.31
	0.11
	0.54

	3
	-0.28
	0.13
	0.54
	0.41
	-0.27
	0.11
	0.5


Table 5.2.2.2.1-4: Simulation results for HST scenario3 in Table5.1-1 [Huawei: R4-154775]

	SNR (dB)
	HST scenario 3 RSRP accuracy
	HST scenario 3 RSRQ accuracy

	
	5%
	50%
	95%
	relative
	5%
	50%
	95%

	-8
	-1.52
	0.85
	2.4
	-2.37
	-1.5
	0.83
	2.39

	-7
	-1.44
	0.69
	2.16
	-2.13
	-1.38
	0.67
	0.14

	-6
	-0.98
	0.48
	1.88
	-1.46
	-1.01
	0.46
	1.84

	-5
	-0.97
	0.42
	1.59
	-1.39
	-0.99
	0.41
	1.55

	-4
	-0.71
	0.35
	1.38
	-1.06
	-0.7
	0.33
	1.34

	-3
	-0.6
	0.32
	1.2
	-0.92
	-0.32
	0.29
	1.17

	-2
	-0.53
	0.25
	1.03
	-0.78
	-0.54
	0.23
	0.98

	-1
	-0.49
	0.22
	0.91
	-0.71
	-0.49
	0.21
	0.86

	0
	-0.41
	0.15
	0.8
	-0.56
	-0.38
	0.14
	0.75

	1
	-0.32
	0.16
	0.7
	-0.54
	-0.33
	0.15
	0.63

	2
	-0.31
	0.14
	0.59
	-0.45
	-0.32
	0.13
	0.56

	3
	-0.26
	0.11
	0.49
	-0.38
	-0.26
	0.1
	0.47


Table 5.2.2.2.1-5: RSRP Simulation results [Intel: R4-154157]

	Propagation conditions
	Reference SNR(dB)
	5%
	50%
	95%
	Absolute accuracy
	Relative accuracy

	HST875
	-6
	-0.8
	0.83
	2.3
	[-0.8, 2.3]
	[-1.63,1.47]

	HST scenario3
	-6
	-1.1
	0.7
	2.2
	[-1.1, 2.2]
	[-1.8, 1.5]

	EVA875
	-6
	-2.0
	-0.25
	1.6
	[-2.2, 1.6]
	[-1.95, 1.85]

	AWGN
	-6
	-0.82
	0.83
	2.3
	[-0.82, 2.3]
	[-1.65,1.47]


Table 5.2.2.2.1-6: RSRQ Simulation results [Intel: R4-154157]

	Propagation conditions
	Reference SNR(dB)
	5%
	50%
	95%
	Absolute accuracy
	Relative accuracy

	HST875
	-3
	-1.2
	0.17
	1.24
	[-1.2, 1.24]
	[-1.37,1.07]

	HST scenario3
	-3
	-1.3
	0.02
	1.3
	[-1.3,1.3]
	[-1.32,1.28]

	EVA875
	-3
	-2.0
	-0.25
	1.6
	[-2.3,1.6]
	[-2.05,1.85]

	AWGN
	-3
	-0.82
	0.83
	2.3
	[-0.82, 2.3]
	[-1.65, 1.47]


Table 5.2.2.2.1-7: Absolute RSRP measurement results [CATT: R4-154405]

	Propagation

condition
	
	-8dB
	-6dB
	-3dB
	0dB
	3dB

	AWGN
	5%-tile
	0.6001
	-0.0006
	-0.212
	-0.1824
	-0.13

	
	95%-tile
	2.3142
	1.5018
	0.8675
	0.5531
	0.3591

	
	Absolute accuracy
	2.3142
	1.5018
	0.8675
	0.5531
	0.3591

	
	Relative accuracy
	0.9031
	0.7766
	0.5506
	0.3984
	0.2721

	EVA875
	5%-tile
	0.5782
	-0.1398
	-0.5518
	-0.5880
	-0.616

	
	95%-tile
	2.4434
	1.7682
	1.2584
	1.1038
	1.0616

	
	Absolute accuracy
	2.4434
	1.7682
	1.2584
	1.1038
	1.0616

	
	Relative accuracy
	1.0012
	1.0276
	0.9342
	0.8837
	0.8551

	HST 875
	5%-tile
	0.6078
	0.0335
	-0.1728
	-0.1888
	-0.1385

	
	95%-tile
	2.2053
	1.4742
	0.8062
	0.5078
	0.3215

	
	Absolute accuracy
	2.2053
	1.4742
	0.8062
	0.5078
	0.3215

	
	Relative accuracy
	0.9711
	0.8043
	0.5001
	0.3573
	0.2444

	HST  scenario 3
	5%-tile
	0.7129
	0.0496
	-0.1849
	-0.1905
	-0.1648

	
	95%-tile
	2.2251
	1.4134
	0.7842
	0.4909
	0.3117

	
	Absolute accuracy
	2.2251
	1.4134
	0.7842
	0.4909
	0.3117

	
	Relative accuracy
	0.8114
	0.7636
	0.5083
	0.3412
	0.24


Table 5.2.2.2.1-8: Absolute RSRQ measurement results [CATT: R4-154405]

	Propagation

condition
	
	-8dB
	-6dB
	-3dB
	0dB
	3dB

	AWGN
	5%-tile
	0.6411
	0.0176
	-0.1915
	-0.1769
	-0.1258

	
	95%-tile
	2.2473
	1.455
	0.8458
	0.5055
	0.3333

	
	Absolute accuracy
	2.2473
	1.455
	0.8458
	0.5055
	0.3333

	
	Relative accuracy
	0.8376
	0.7573
	0.5399
	0.3492
	0.2379

	EVA875
	5%-tile
	0.6298
	-0.1609
	-0.6258
	-0.5811
	-0.5226

	
	95%-tile
	2.3299
	1.4889
	0.7904
	0.3898
	0.1710

	
	Absolute accuracy
	2.3299
	1.4889
	0.7904
	0.5811
	0.5266

	
	Relative accuracy
	0.9163
	0.9041
	0.7540
	0.4939
	0.3479

	HST 875
	5%-tile
	0.5865
	0.0177
	-0.1635
	-0.1727
	-0.1322

	
	95%-tile
	2.245
	1.4048
	0.791
	0.4673
	0.2879

	
	Absolute accuracy
	2.245
	1.4048
	0.791
	0.4673
	0.2879

	
	Relative accuracy
	0.9929
	0.8071
	0.4783
	0.3233
	0.2102

	HST  scenario 3
	5%-tile
	0.7298
	0.0177
	-0.2211
	-0.1802
	-0.1472

	
	95%-tile
	2.1492
	1.3645
	0.7569
	0.46
	0.2808

	
	Absolute accuracy
	2.1492
	1.3645
	0.7569
	0.46
	0.2808

	
	Relative accuracy
	0.8109
	0.7814
	0.5389
	0.3219
	0.2146


Table 5.2.2.2.1-9: Absolute RSRP measurement results [Samsung: R4-154447]

	Channel
	SNR(dB)
	Absolute RSRP accuracy

	
	
	5%
	50%
	95%
	Δ(5,95)
	Absolute accuracy

	AWGN
	-8
	-0.8
	1.6
	3.1
	3.9
	3.1

	
	-6
	-0.2
	1.2
	2.4
	2.6
	2.4

	
	-3
	-0.1
	0.8
	1.6
	1.7
	1.6

	
	0
	0
	0.5
	1.1
	1.1
	1.1

	
	3
	0
	0.4
	0.8
	0.8
	0.8

	EVA 875Hz
	-8
	-2.1
	0.8
	2.6
	4.7
	2.6

	
	-6
	-1.3
	0.5
	1.9
	3.2
	1.9

	
	-3
	-0.9
	0.2
	1.1
	2
	1.1

	
	0
	-0.7
	0
	0.7
	1.3
	0.7

	
	3
	-0.5
	0
	0.4
	0.9
	0.5

	HST 875Hz
	-8
	-0.9
	1.7
	3.2
	4.1
	3.2

	
	-6
	-0.3
	1.3
	2.5
	2.8
	2.5

	
	-3
	-0.1
	0.8
	1.6
	1.7
	1.6

	
	0
	-0.1
	0.5
	1.1
	1.2
	1.1

	
	3
	-0.1
	0.4
	0.8
	0.8
	0.8

	HST Scenario3
	-8
	-0.9
	1.7
	3.4
	4.3
	3.4

	
	-6
	-0.3
	1.3
	2.6
	2.8
	2.6

	
	-3
	-0.2
	0.8
	1.7
	1.9
	1.7

	
	0
	-0.1
	0.5
	1.2
	1.2
	1.2

	
	3
	-0.1
	0.4
	0.8
	0.9
	0.8


Table 5.2.2.2.1-10: RSRP simulation results [ZTE: R4-154711]

	Delta RSRP
	5%
	95%
	Relative Accuracy
	Absolute Accuracy

(50%)

	Channel
	SNR(dB)
	
	
	
	

	AWGN
	-8
	0.8634
	3.1402
	±1.1384
	2.0343

	
	-6
	0.0068
	2.1793
	±1.0862
	1.1448

	
	-3
	-0.4267
	1.3306
	±0.8786
	0.4972

	
	0
	-0.3825
	0.8620
	±0.6222
	0.2669

	
	3
	-0.2495
	0.5738
	±0.4117
	0.1656

	EVA875Hz
	-8
	0.0455
	3.3873
	±1.6709
	1.6962

	
	-6
	-0.8869
	1.9822
	±1.4345
	0.5500

	
	-3
	-1.5428
	0.5586
	±1.0507
	-0.4965

	
	0
	-1.7634
	-0.1213
	±0.8210
	-0.9323

	
	3
	-1.7872
	-0.4519
	±0.6677
	-1.1088

	HST875Hz
	-8
	0.8602
	3.117
	±1.128
	2.025

	
	-6
	0.0057
	2.173
	±1.084
	1.139

	
	-3
	-0.386
	1.301
	±0.8435
	0.4794

	
	0
	-0.3626
	0.842
	±0.6023
	0.2393

	
	3
	-0.2826
	0.5434
	± 0.413
	0.1322


Table 5.2.2.2.1-11: RSRQ simulation results [ZTE: R4-154711]

	Delta RSRQ
	5%
	95%
	Relative Accuracy
	Absolute Accuracy

(50%)

	Channel
	SNR(dB)
	
	
	
	

	AWGN
	-8
	0.8731
	3.1489
	±1.1379
	2.0345

	
	-6
	0.0098
	2.2074
	±1.0988
	1.1429

	
	-3
	-0.4014
	1.3071
	±0.8543
	0.4946

	
	0
	-0.3652
	0.8396
	±0.6024
	0.2644

	
	3
	-0.2427
	0.5528
	±0.3978
	0.1639

	EVA

875Hz
	-8
	0.2219
	3.4751
	±1.6266
	1.8350

	
	-6
	-0.7267
	2.0715
	±1.3991
	0.6945

	
	-3
	-1.4568
	0.6920
	±1.0744
	-0.3762

	
	0
	-1.6471
	-0.0788
	±0.7841
	-0.8717

	
	3
	-1.7000
	-0.4589
	±0.6206
	-1.0857

	HST

875Hz
	-8
	0.8759
	3.09
	±1.107
	2.02

	
	-6
	-0.0012
	2.147
	±1.074
	1.134

	
	-3
	-0.4176
	1.27
	± 0.844
	0.4732

	
	0
	-0.3622
	0.8076
	±0.5849
	0.2325

	
	3
	-0.2656
	0.5241
	±0.3948
	0.1256


5.2.2.2.2
Summary

Summary in this section is based on the simulation results and conclusions from interested companies.

· For the high speed train RRM, the ideal RSRP and RSRQ are defined as the signal power under AWGN channel. RSRP excludes noise. For RSRQ, RSSI includes noise.

· Based on the evaluations, the existing high Doppler requirements defined in TS 36.133 could be reused for existing high speed scenarios.

5.2.2.3
Cell identification

5.2.2.3.1
Simulation results

The results are presented in terms of the cell detection delay. The cell detection delay is the time required by the UE to fully detect the cell (cell 3 in this case) by detecting its PSS/SSS sequences but excluding the L1 RSRP measurement period. Table5.2.2.3.1-1 to Table5.2.2.3.1-3 shows the 90th percentile of the cell detection delay statistics for AWGN with 0 offset and AWGN with 1750Hz offset from interested companies.
Table 5.2.2.3.1-1: 90%-ile cell detection delay under existing high speed scenarios (Unit: ms) (Huawei) [R4-154773]

	Case#
	AWGN
	AWGN with1750Hz offset

	
	SINR= -8dB
	SINR= -7dB
	SINR= -6dB
	SINR= -8dB
	SINR= -7dB
	SINR= -6dB

	1
	55
	15
	5
	75
	15
	15

	2
	>800
	>800
	115
	>800
	770
	50

	3
	135
	35
	10
	95
	25
	15

	4
	15
	5
	5
	70
	20
	5

	5
	115
	45
	20
	140
	50
	25

	6
	105
	40
	20
	145
	55
	25

	7
	105
	40
	20
	130
	50
	20

	8
	105
	40
	20
	145
	55
	25


Table5.2.2.3.1-2: 90%-ile cell detection delay under existing high speed scenarios (Unit: ms) (Intel) [R4-154158]

	
	Test 1:

SINR=

-6dB
	Test 2:

SINR=

-7dB
	Test 3:

SINR=

-8dB

	AWGN
	Case1
	80
	280
	1200

	
	Case2
	40
	120
	400

	
	Case3
	80
	160
	480

	
	Case4
	40
	40
	40

	
	Case5
	160
	280
	720

	
	Case6
	160
	280
	560

	
	Case7
	160
	280
	720

	
	Case8
	160
	240
	360

	AWGN with frequency offset
	Case1
	80
	280
	1400

	
	Case2
	40
	120
	360

	
	Case3
	80
	160
	480

	
	Case4
	40
	40
	40

	
	Case5
	160
	280
	720

	
	Case6
	160
	280
	720

	
	Case7
	160
	280
	720

	
	Case8
	120
	200
	360

	AWGN with frequency offset, async
	Case1
	80
	280
	1400

	
	Case2
	40
	120
	360

	
	Case3
	80
	160
	520

	
	Case4
	40
	40
	40

	
	Case5
	160
	320
	640

	
	Case6
	160
	320
	720

	
	Case7
	160
	320
	680

	
	Case8
	120
	240
	400


Table 5.2.2.3.1-3: 90%-ile cell detection delay under existing high speed scenarios (Unit: ms) (Samsung) [R4-154448]

	Channel

Case
	AWGN
	AWGN+1750Hz

	
	SINR=
-4dB
	SINR=
-6dB
	SINR=
-8dB
	SINR=
-4dB
	SINR=
-6dB
	SINR=
-8dB

	1
	10
	40
	190
	20
	60
	420

	2
	30
	40
	120
	60
	100
	270

	3
	10
	20
	40
	20
	30
	40

	4
	10
	40
	250
	20
	60
	530

	5
	40
	70
	180
	30
	70
	170

	6
	40
	80
	190
	30
	70
	160

	7
	20
	30
	50
	20
	30
	40

	8
	40
	80
	190
	40
	70
	170


5.2.2.3.2
Summary
Summary in this section is based on the link level simulation and conclusions from interested companies. 
· For cell identification requirements under existing high speed scenarios, the existing cell identification requirements defined in TS 36.133 could be reused. 
5.3
UE Demodulation requirements enhancements under existing high speed scenario
In this section the UE demodulation performance under the existing scenario will be evaluated. The main effort will be focused on PDSCH channel. According to the study in TEI, the less performance impact is found for the control channel including PDCCH, PCFICH and PHICH due to the small duration of those channels. And since the existing high speed train requirements under HST channel model have verified the performance of UE frequency tracking and the maximum, there is no need to introduce the new UE demodulation requirement under the existing HST channel specified in Annex B.3 of TS36.101.

According to the analysis, the Scenario 2e, Scenario 2g and Scenario 4 captured in 6.2.2 can be viewed as the existing scenarios from the UE demodulation aspects, and no new UE demodulation performance requirement is needed for Scenario 2e, 2g and 4, which can be verified by the existing UE demodulation performance requirements.
5.3.1
Simulation assumptions

To evaluate the UE demodulation performance under the existing scenario, the simulation assumptions are provided in Table 5.3.1-1 and Table 5.3.1-2 for FDD and TDD, respectively. The other parameters are the same as those in 8.2.1.3.1 for FDD and 8.2.2.3.1 for TDD in TS36.101. The throughput vs SNR performance will be provided.

Table 5.3.1-1: Simulation assumptions for PDSCH demodulation performance evaluation under the existing high speed scenario (FDD)

	Parameter
	Unit
	Value

	Downlink power allocation
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	dB
	-3
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	dB
	-3 (Note 1)

	
	(
	dB
	0
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at antenna port
	dBm/15kHz
	-98

	PDSCH transmission mode
	
	TM3 (rank-2)

	Bandwidth
	MHz
	10

	Reference channel
	
	R.35-4 FDD as specified in TS36.101

	Propagation condition
	
	ETU600

	Correlation matrix and antenna configuration
	
	2x2 Low

	Note 1:
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Table 5.3.1-2: Simulation assumptions for PDSCH demodulation performance evaluation under the existing high speed scenario (TDD)

	Parameter
	Unit
	Value

	Downlink power allocation
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	-3 (Note 1)

	
	(
	dB
	0
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at antenna port
	dBm/15kHz
	-98

	PDSCH transmission mode
	
	TM3 (rank-2)

	ACK/NACK feedback mode
	
	Bundling

	Bandwidth
	MHz
	10

	Reference channel
	
	R.35-2 TDD as specified in TS36.101

	Propagation condition
	
	ETU600

	Correlation matrix and antenna configuration
	
	2x2 Low

	Uplink downlink configuration 
	
	1

	Special subframe configuration 
	
	4

	Note 1:
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5.3.2
Performance characterization

5.3.2.1
Simulation results of PDSCH under the existing high speed scenario
The simulation results of PDSCH according to the simulation assumptions in 5.3.1 are summarized in Table 5.3.2.1-1 for FDD and Table 5.3.2.1-2 for TDD, respectively. The companies’ simulation results are captured in Figure 5.3.2.1-1 to 5.3.2.1-4 and Table 5.3.2.1-3.

Table 5.3.2.1-1: Summary of simulation result @70% relative throughput (FDD)

	Company
	Alignment result (dB)
	Impairment result (dB)

	Huawei, HiSilicon
	17.06
	-

	CATT
	19.01
	20.51

	Ericsson
	17.4
	18.4

	LGE
	19.2
	21.2

	Qualcomm Incorporated
	-
	19.8


Table 5.3.2.1-2: Summary of simulation result @70% relative throughput (TDD)

	Company
	Alignment result (dB)
	Impairment result (dB)

	Huawei, HiSilicon
	17.12
	-

	CATT
	18.47
	19.97

	Ericsson
	18.7
	19.7

	LGE
	19.2
	21.2

	Qualcomm Incorporated
	-
	20.2
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(b) TDD

Figure 5.3.2.1-1: PDSCH simulation results, Huawei, HiSilicon (R4-154244)

[image: image21.png]throughput_actual

35

25

15

05

%107

HST Rel-12, 8.2.1.3.1

—&— EVA200 MCS-20
—— ETU200 MCS-20
—a—EVAB00 MCS-20
—+—ETUB00 MCS-20
—&— EVA600 MCS-19
—+—ETUB00 MCS-19

10 12 14 16 18 20 22
SNRs_dB

24

26




(a) FDD TM3 with the R.35 FDD and R.35-4 FDD
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(b) TDD with the R.35 TDD  and R.35-2 TDD

Figure 5.3.2.1-2: PDSCH simulation results, Ericsson (R4-154576)
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(a) FDD
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(b) TDD

Figure 5.3.2.1-3: PDSCH simulation results, LG Electronics (R4-154627)

Table 5.3.2.1-3: Simulation results of TM3 demodulation in EVA600 and ETU 600 channels, CATT, (R4-155453) 

	
	Channel propagation
	Fraction of  maximum throughput
	Alignment results
	Impairment results

	FDD
	PDSCH, R.35-4 FDD,ETU300
	70%
	17.28
	18.78

	
	PDSCH, R.35-4 FDD, ETU 600
	70%
	19.01
	20.51

	TDD
	PDSCH, R.35-2 TDD, ETU300
	70%
	17.00
	18.5

	
	PDSCH, R.35-2 TDD, ETU600
	70%
	18.47
	19.97
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(b) TDD
Figure 5.3.2.1-4: PDSCH simulation results, Qualcomm Incorporated (R4-155535)
5.3.2.2
Summary of evaluation
Based on the simulation results, it is feasible to specify the new PDSCH demodulation requirements under the ETU600 to verify UE performance.
5.4
BS Demodulation requirements enhancements under existing high speed scenario
5.4.1
Simulation assumptions

In order to evaluate the BS demodulation performance under the existing high speed channel model with the higher Doppler spread value, the simulation assumptions are provided in Table 5.4.1-1.

Table 5.4.1-1: Simulation assumptions for BS demodulation evaluation under the existing high speed scenarios

	Parameter
	Value

	Maximum number of HARQ transmissions
	4

	RV sequence
	0, 2, 3, 1, 0, 2, 3, 1

	Uplink-downlink allocation for TDD
	Configuration 1 (2:2)

	Propagation conditions
	ETU 600Hz

	Correlation matrix and antenna configuration
	1x2 Low

	Cyclic prefix
	Normal

	System bandwidth
	10MHz

	Allocated resource blocks
	50PRB

	FRC
	Option 1: 16QAM 1/2 

Option 2: QPSK 1/3


5.4.2
Performance characterization


5.4.2.1
Limiting factors for high speed performance

There are two major limiting factors for high speed performance for LTE system.   For high Doppler shift due to high speed and higher carrier frequency (fc > 2.6GHz), inter-carrier interference (ICI) will become severe and the ICI impact should be considered.  The second limiting factor is the receiver’s capability to track Doppler shift with reasonable channel estimation performance.  These two major issues determine link performance under high speed scenarios for both uplink and downlink.

5.4.2.1.1
ICI

For OFDM system, when the channel is varied in one OFDM symbol, subcarriers will no longer be orthogonal.  This loss of subcarrier orthogonality causes inter-carrier interference (ICI).  Usually, the system design uses sufficient subcarrier spacing to mitigate potential ICI.  The LTE system design (15kHz subcarrier spacing) ensures small inter-carrier interference at reasonable Doppler shifts to meet the speed requirement between base station and UE.  As the channel’s variation becomes significant, as in high speed scenarios, the ICI will be increased as an alternative interference source to impact receiver’s link performance.

The ICI, caused by Doppler spread, can be modeled as a Gaussian random variable when the number of subcarriers is sufficient large with central limit theorem.  The ICI power [image: image28.png]


, which is caused by Doppler spread with a Doppler frequency [image: image30.png]


, can be represented as
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(5.4.2.1.1-1)
where [image: image33.png]


 is the transmit power, [image: image35.png]


 is number of subcarriers per OFDM symbol, [image: image37.png]


is symbol time duration, and [image: image39.png]


 is the zero-order Bessel function of the first kind.  The ICI power [image: image41.png]


 and the signal Tx power [image: image43.png]


 are the average power per subcarrier.  

Based on the equation, the ratio of [image: image45.png]Ip/E,



 of LTE, as the potential degradation by ICI, can be illustrated in Figure 5.4.2.1.1-1, as a function of the Doppler frequency.  The ICI impact is shown from Doppler frequency up to 850Hz in Figure 5.4.2.1.1-1.
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Figure 5.4.2.1.1-1: ICI degradation of LTE at Doppler frequency
As expected, Figure 5.4.2.1.1-1 shows that ICI will become more severe when Doppler shift becomes greater.  For example, when [image: image48.png]fo = 850Hz



, Figure 5.4.2.1.1-1 indicates that there is an ICI interference floor at ~23dB.  When [image: image50.png]fo = 600Hz



, the ICI noise floor is at ~26dB.  To better illustrate the ICI impact to SINR level, we fix ICI at [image: image52.png]


 to show SINR degradation due to ICI in Figure 5.4.2.1.1-2.  
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Figure 5.4.2.1.1-2: SINR degradation due to ICI
From Figure 5.4.2.1.1-2, it shows that there will be little impact of the ICI interference at low SINR region.  However, the ICI will become more dominant when the SNR become larger, until the noise and interference at subcarriers are saturated by ICI. In the example shown in Figure 5.4.2.1.1-2, the effective SINR shows about 1dB degradation at SINR=20dB, and the SINR degradation increases at higher SINR region until ICI becomes dominant, where the effective SINR reaches 26dB.  This is the limiting factor for LTE performance under high Doppler.  In the example, the SINR=26dB becomes the maximum SINR and it is limiting LTE performance, especially for high order modulations where high SINR is usually needed.
5.4.2.1.2
Doppler tracking and channel estimation performance

The second limiting factor for high speed performance is the receiver’s Doppler tracking capability and related channel estimation performance.  Under high speed scenarios, uplink and downlink receivers shall use reference symbols (CRS and DM-RS) for Doppler tracking and channel estimation in usual operations.  We show the time/frequency locations of DL and UL LTE reference symbols in Figure 5.4.2.1.2-1, which highlights the reference symbol RE (resource elements) with 1 PRB in 2 subframes. 

	[image: image54.wmf]
(a)  DL CRS allocation
	[image: image55.wmf]
(b) UL DM-RS allocation


Figure 5.4.2.1.2-1: DL CRS and UL DM-RS allocation
The RS locations in DL and UL indicate different Doppler tracking and channel estimation capability.  Usually, uplink receiver could be able to provide better channel estimation performance because the uplink has more reference signal than the downlink has, when the channel is static (time-invarient).  However, when the channel is time-variant in high speed scenarios, the more time-dense allocation of reference signal in downlink provides DL better Doppler tracking capability than UL.  It is expected that there will be performance difference between downlink and uplink under high speed.

However, it would be relatively easy for uplink to use more than 2Rx for better tracking and channel estimation performance.
5.4.2.2
Simulation results of PUSCH under the existing high speed scenario
The simulation results of PUSCH according to the simulation assumptions in 5.4.1 are showed in Figure 5.4.2.2-1 to 5.4.2.2-2 and Table 5.4.2.2-1 to 5.4.2.2-3. And the alignment results are summarized in Table 5.4.2.2-4 and Table 5.4.2.2-5.
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(b) QPSK 1/3

Figure 5.4.2.2-1: PUSCH simulation results with 16QAM 1/2 and QPSK 1/3, Huawei [R4-155655]
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Figure 5.4.2.2-2: PUSCH simulation results with 16QAM 1/2 and QPSK 1/3, CMCC [R4-155979]
Tabel 5.4.2.2-1: PUSCH simulation results with 16QAM 1/2 and QPSK 1/3, CMCC [R4-155979]
	Test case
	SNR at 30% TP (dB)
	SNR at 70% TP (dB)

	Option 1: 16QAM 1/2 
	1.6
	7.8

	Option 2: QPSK 1/3
	-4.4
	-0.6


Table 5.4.2.2-2: PUSCH simulation results with 16QAM 1/2 and QPSK 1/3, Ericsson [R4-156134]

(a) ETU600 16QAM rate = 1/2
	Channel Bandwidth
	Fraction of 
maximum 
throughput
	SNR [dB]

	10
	30 %
	0.46

	
	70 %
	9.52


(b) ETU600 QPSK rate = 1/3
	Channel Bandwidth
	Fraction of 
maximum 
throughput
	SNR [dB]

	10
	30 %
	-6.18

	
	70 %
	-1.00


Table 5.4.2.2-3: PUSCH simulation results with 16QAM 1/2 and QPSK 1/3, Alcatel-Lucent [R4-156604]

	
	Option1: QPSK 1/3
	Option2: 16-QAM 1/2

	Throughput 30%
	-4dB
	1.6dB

	Throughput 70%
	0.3dB
	7.9dB
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Figure 5.4.2.2-3: PUSCH simulation results with 16QAM 1/2 and QPSK 1/3, CATT [R4-157224]
Tabel 5.4.2.2-4: PUSCH simulation results with 16QAM 1/2 and QPSK 1/3, CATT [R4-157224]
	Test cas
	Fraction of 
maximum 
throughput
	SNR [dB]

	Option 1: 16QAM 1/2
	30 %
	1.84

	
	70 %
	9.01

	Option 2: QPSK 1/3
	30 %
	-6.06

	
	70 %
	-1.33


Table 5.4.2.2-5: Summary of simulation result with 16QAM 1/2 relative throughput
	Company
	Alignment result (dB) @30%
	Alignment result (dB) @70%

	Huawei
	1.3
	8.06

	CMCC
	1.6
	7.8

	Ericsson
	0.46
	9.52

	Alcatel-Lucent
	1.6
	7.9

	CATT
	1.84
	9.01

	Span
	1.38
	1.72


Table 5.4.2.2-6: Summary of simulation result with QPSK 1/3 relative throughput

	Company
	Alignment result (dB) @30%
	Alignment result (dB) @70%

	CMCC
	-4.4
	-0.6

	Ericsson
	-6.18
	-1.00

	Alcatel-Lucent
	-4
	0.3

	Huawei
	-5.35
	-1.29

	CATT
	-6.06
	-1.33

	Span
	2.18
	1.63


5.4.2.3
Summary of evaluation
Based on the simulation results, it is feasible to specify the new PUSCH demodulation requirements performance under the ETU600 to verify BS demodulation under the existing high speed scenario.

For the modulation scheme for BS ETU600 requirement, there are the following options:

1. QPSK 1/3

2. 16QAM 1/2, 4Rx

3. 16QAM 1/2, 2Rx

The selection of modulation schemes will be decided in the WI phase.
6
RRM and demodulation requirements enhancements under identified high speed scenarios
6.1
General

In this section the practical high speed scenarios are identified which are feedback by operators and interested companies. Afterwards the identified scenarios are summarized in clause 6.2.2. To evaluate the performance in identified scenarios, channel model for SFN scenarios and leaky cable in Tunnel scenarios are developed in clause 6.2.3. Based on the channel models, the evaluation and analysis of RRM and demodulation performance are provided in clause 6.3, 6.4 and 6.5, respectively. 
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 instalment 

Table 6.2.1-1: Parameters for Scenario 1 

	Parameter
	Value

	Carrier Frequency
	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 are 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 are 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 are 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 are 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 are 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,  eNBs 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 eNBs are 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 are 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
	Note 1

	leaky cable height (compared to railway track)
	8m

	Note 1: select the proper distance such that the wave propagation from the slot is perpendicular to the leaky cable.


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:
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 where 
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 is the distance between two neighbour RRH; 
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 is RRH Railway track distance in meters; 
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 is the velocity of the train in m/s; 
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 is time in seconds.

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,
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Note that 
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 are normalized to the instantaneous total received power.
· Tap delay
Time delay of two taps are given by
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6.2.3.2
Leaky cable in Tunnel (from leaky cable to repeater)

The delay profile in the form of a “tapped-delay-line”, the Doppler shift and Doppler spectrum, and the correlation matrix are provided. In R4-154241 the background information about the leaky cable is provided. In the practical deployment the propagation angle of radio wave for the leaky cable in tunnel is almost perpendicular to the tracks, and the averaged received power at the certain distance from the leaky cable is almost constant.

· Delay profile and Doppler spectrum

In Table 6.2.3.2-1, the single tap delay line model is defined the for leaky cable scenario. The tap is Rician distributed, and the K-factor for the Rician distribution is 10dB, which means that the non-fading component power in the first tap is 10dB stronger than the power of the fading component.

Table 6.2.3.2-1: Parameters for leaky cable scenarios

	Tap index
	Excess tap delay (ns)
	Relative power (dB)
	Distribution of amplitude per tap
	Doppler spectrum

	1
	0
	0
	Rician, K=10dB
	RICE, K=10dB, fshift=0, and Maximum Doppler frequency is 30Hz 


In the Table 6.2.3.2-1, The RICE Doppler spectrum is given by
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(6.2.3.2-1)
where ρ2 and σ2 are power of the dominant LOS component and the reflecting or scattering components, and fmax is the maximum Doppler frequency and fshift is the Doppler shift, and 
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(6.2.3.2-2)
· Correlation matrix

If the performance for 2×2 antenna configuration is evaluated, the MIMO channel matrix for rank-2 performance evaluation is given below:

For LOS component, the following static MIMO channel is used:
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(6.2.3.2-3)
For the fading component, the low correlation matrix is used.

6.3
RRM requirements enhancements under identified high speed scenarios

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, EVA875, 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, EVA875, 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, EVA875, SFN
	AWGN for alignment purposes

	CP Length
	Normal
	

	Frequency band
	2.7 GHz
	

	Ês/Iot
	-8 to +3 dB
	To be varied


6.3.1.2
Leaky cable (1st hop of scenario 2c)
6.3.1.2.1
RLM

The link simulations assumptions for out-of-sync and in-sync are shown in table 6.3.1.2.1-1 and table 6.3.1.2.1-2 respectively.

Table 6.3.1.2.1-1: 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, EVA875, leaky cable

	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 6.3.1.2.1-2: 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, EVA875,  leaky cable

	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.


6.3.1.2.2
RSRP/RSRQ accuracy

The link simulations assumptions for RSRP and RSRQ are shown in Table 6.3.1.2.2-1.

Table 6.3.1.2.2-1: Simulation parameters for measurement

	Parameters
	Value
	Comments

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

	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, EVA875,  leaky cable
	AWGN for alignment purposes

	CP Length
	Normal
	

	Frequency band
	2.7 GHz
	

	Ês/Iot
	-8 to +3 dB
	To be varied


6.3.1.2.3
Cell identification
The link simulations assumptions for cell identification are shown in Table 6.3.1.2.3-1, Table 6.3.1.2.3-2, Table 6.3.1.2.3-3 and Table 6.3.1.2.3-4.

Table 6.3.1.2.3-1: 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
	ms
	0
	1.5
	3.0

	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 6.3.1.2.3-3, Table 6.3.1.2.3-4
	See Table 6.3.1.2.3-3, Table 6.3.1.2.3-4
	See Table 6.3.1.2.3-3, Table 6.3.1.2.3-4

	S-SCH Sequence ID [5]
	-
	See Table 6.3.1.2.3-3, Table 6.3.1.2.3-4
	See Table 6.3.1.2.3-3, Table 6.3.1.2.3-4
	See Table 6.3.1.2.3-3, Table 6.3.1.2.3-4

	Propagation Condition
	-
	AWGN with 875Hz offset
	AWGN with 875Hz offset
	Leaky cable

	Ioc Model
	-
	AWGN


Table 6.3.1.2.3-2: 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 6.3.1.2.3-3: 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 6.3.1.2.3-4: PSC, SSC indices for simulations

	Label
	Code index

	psc1
	29

	psc2
	25

	psc3
	34


	Label
	Code index
	Cell group index [5]

	(ssc1a, ssc1b)
	(6, 8)
	36

	(ssc2a, ssc2b)
	(10, 12)
	40

	(ssc3a, ssc3b)
	(7, 9)
	37

	(ssc1a, ssc3b)
	(6, 9)
	65


6.3.2
Performance characterization

6.3.2.1
SFN scenarios
In this clause the RLM and measurement accuracy performance are evaluated based on the simulation assumptions in clause 6.3.1. Assuming carrier frequency is 2.7GHz and UE velocity is 350km/h, the corresponding Maximum Doppler shift (
[image: image89.wmf]d
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) is 875Hz.
6.3.2.1.1
RLM
6.3.2.1.1.1
Simulation results

· RLM results without enhanced algorithms

Table 6.3.2.1.1.1-1 and Table provide the simulation results for RLM for 2 set parameters specified in Table 6.2.3.1-1 and Table 6.2.3.1-2 respectively. No enhancement is assumed in UE side. 

Table 6.3.2.1.1.1-1: PDCCH performance in SFN (Huawei) [R4-154766]

	Parameters defined in Table 6.2.3.1-1
	Parameters defined in Table 6.2.3.1-2
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SNR values of Qout and Qin for both parameters are showed in Table6.3.2.1.1.1-2.
Table 6.3.2.1.1.1-2: SNR value of Qin/Qout (Unit: dB) (Huawei) [R4-154766]

	Antenna configuration
	Verification point
	SFN Channel Model

	
	
	Parameters defined in Table 6.2.3.1-1
	Parameters defined in Table 6.2.3.1-1

	1x2
	Qout
	-9.12
	-9.25

	
	Qin
	-2.96
	-2.19

	2x2
	Qout
	-9.17
	-9.16

	
	Qin
	-2.91
	-2.26


6.3.2.1.1.2
Summary
Based on simulation results (from Huawei), PDCCH performance in SFN channel has degradation compared with ETU70 in Rel-8.

6.3.2.1.2
RSRP/RSRQ accuracy
6.3.2.1.2.1
Simulation results

Tables from Table 6.3.2.1.2.1-1 to Table 6.3.2.1.2.1-11 provide the simulation results for RSRP and RSRQ accuracy for AWGN, EVA 875 and SFN with 2 set parameters specified in Table 6.2.3.1-1 and Table 6.2.3.1-2. 

Table 6.3.2.1.2.1-1: RSRP/ RSRQ accuracy under AWGN (Huawei) [R4-154768]

	SNR (dB)
	AWGN RSRP accuracy
	AWGN RSRQ accuracy

	
	5%
	50%
	95%
	relative
	5%
	50%
	95%

	-8
	-1.51
	0.88
	2.51
	-2.39
	-1.53
	0.89
	2.47

	-7
	-1.2
	0.67
	2.06
	-1.87
	-1.18
	0.65
	2.02

	-6
	-1
	0.59
	1.84
	-1.59
	-0.99
	0.57
	1.82

	-5
	-0.82
	0.48
	1.68
	-1.3
	-0.76
	0.45
	1.66

	-4
	-0.69
	0.43
	1.45
	-1.12
	-0.64
	0.43
	1.39

	-3
	-0.55
	0.38
	1.13
	-0.93
	-0.53
	0.37
	1.14

	-2
	-0.51
	0.31
	1.04
	-0.82
	-0.48
	0.31
	0.99

	-1
	-0.44
	0.28
	0.93
	-0.72
	-0.42
	0.26
	0.89

	0
	-0.33
	0.24
	0.77
	-0.57
	-0.32
	0.23
	0.72

	1
	-0.31
	0.21
	0.73
	-0.52
	-0.29
	0.2
	0.7

	2
	-0.27
	0.19
	0.65
	-0.46
	-0.25
	0.19
	0.6

	3
	-0.24
	0.15
	0.56
	-0.41
	-0.24
	0.13
	0.52


Table 6.3.2.1.2.1-2: RSRP/ RSRQ accuracy under EVA875 (Huawei) [R4-154768]

	SNR (dB)
	EVA875 RSRP accuracy
	EVA875 RSRQ accuracy

	
	5%
	50%
	95%
	relative
	5%
	50%
	95%

	-8
	-2.17
	0.28
	2.11
	-2.45
	-2.01
	0.32
	2.17

	-7
	-2.03
	0.18
	1.76
	-2.21
	-2.06
	0.24
	1.75

	-6
	-1.59
	0.1
	1.58
	-1.69
	-1.61
	0.14
	1.58

	-5
	-1.5
	-0.02
	1.29
	-1.48
	-1.39
	0.01
	1.28

	-4
	-1.35
	-0.05
	1.05
	-1.3
	-1.23
	-0.04
	1.06

	-3
	-1.08
	-0.04
	0.93
	-1.04
	-1.03
	-0.02
	0.92

	-2
	-1.01
	-0.1
	0.75
	-0.91
	-0.93
	-0.07
	0.86

	-1
	-0.94
	-0.11
	0.62
	-0.83
	-0.81
	-0.07
	0.6

	0
	-0.81
	-0.11
	0.54
	-0.7
	-0.77
	-0.09
	0.53

	1
	-0.74
	-0.12
	0.44
	-0.62
	-0.64
	-0.09
	0.46

	2
	-0.66
	-0.13
	0.34
	-0.53
	-0.61
	-0.12
	0.35

	3
	-0.6
	-0.15
	0.28
	-0.45
	-0.56
	-0.13
	0.28


Table 6.3.2.1.2.1-3: RSRP/ RSRQ accuracy under SFN with Parameters defined in Table 6.2.3.1-1 (Huawei) [R4-154768]

	SFN Ds=1000m, Dmin=10m

	SNR (dB)
	RSRP accuracy
	RSRQ accuracy

	
	5%
	50%
	95%
	relative
	5%
	50%
	95%

	-8
	-1.64
	0.78
	2.42
	-2.42
	-1.61
	0.73
	2.4

	-7
	-1.07
	0.72
	2.22
	-1.79
	-1.04
	0.72
	2.14

	-6
	-1.23
	0.55
	1.8
	-1.78
	-1.23
	0.51
	1.78

	-5
	-0.87
	0.48
	1.63
	-1.35
	-0.83
	0.48
	1.6

	-4
	-0.73
	0.44
	1.36
	-1.17
	-0.7
	0.42
	1.36

	-3
	-0.5
	0.39
	1.24
	-0.89
	-0.52
	0.37
	1.18

	-2
	-0.51
	0.34
	1.12
	-0.85
	-0.5
	0.32
	1.07

	-1
	-0.44
	0.27
	0.87
	-0.71
	-0.4
	0.25
	0.85

	0
	-0.33
	0.22
	0.82
	-0.6
	-0.32
	0.22
	0.79

	1
	-0.33
	0.21
	0.68
	-0.54
	-0.31
	0.21
	0.65

	2
	-0.3
	0.17
	0.63
	-0.47
	-0.26
	0.15
	0.62

	3
	-0.23
	0.18
	0.55
	-0.41
	-0.2
	0.16
	0.51


Table 6.3.2.1.2.1-4: RSRP/ RSRQ accuracy under SFN with Parameters defined in Table 6.2.3.1-2 (Huawei) [R4-154768]

	SFN Ds=500m, Dmin=5m

	SNR (dB)
	RSRP accuracy
	RSRQ accuracy

	
	5%
	50%
	95%
	relative
	5%
	50%
	95%

	-8
	-1.39
	0.86
	2.55
	-2.25
	-1.42
	0.87
	2.49

	-7
	-1.28
	0.70
	2.13
	-1.98
	-1.24
	0.71
	2.11

	-6
	-0.99
	0.52
	1.85
	-1.51
	-0.98
	0.53
	1.81

	-5
	-0.8
	0.5
	1.61
	-1.3
	-0.76
	0.48
	1.61

	-4
	-0.72
	0.4
	1.41
	-1.12
	-0.7
	0.37
	1.4

	-3
	-0.59
	0.37
	1.17
	-0.96
	-0.6
	0.35
	1.13

	-2
	-0.45
	0.34
	1.05
	-0.79
	-0.41
	0.32
	1

	-1
	-0.36
	0.28
	0.91
	-0.64
	-0.37
	0.27
	0.87

	0
	-0.39
	0.21
	0.85
	-0.64
	-0.38
	0.21
	0.82

	1
	-0.33
	0.19
	0.7
	-0.52
	-0.3
	0.2
	0.65

	2
	-0.3
	0.17
	0.62
	-0.47
	-0.27
	0.16
	0.58

	3
	-0.25
	0.16
	0.55
	-0.41
	-0.23
	0.16
	0.52


Table 6.3.2.1.2.1-5: RSRP measurement accuracy [Intel: R4-154156]

	Propagation conditions
	Reference SNR(dB)
	5%
	50%
	95%
	Absolute accuracy
	Relative accuracy

	HST_SFN
	-6
	-0.73
	0.78
	2.3
	[-0.73, 2.3]
	[-1.51, 1.52]

	EVA875
	-6
	-2.0
	-0.25
	1.6
	[-2.2, 1.6]
	[-1.95, 1.85]

	AWGN
	-6
	-0.82
	0.83
	2.3
	[-0.82, 2.3]
	[-1.65,1.47]


Table 6.3.2.1.2.1-6: RSRQ measurement accuracy [Intel: R4-154156]

	Propagation conditions
	Reference SNR(dB)
	5%
	50%
	95%
	Absolute accuracy
	Relative accuracy

	HST_SFN
	-3
	-1.2
	0
	1.3
	[-1.2, 1.3]
	[-1.2, 1.3]

	EVA875
	-3
	-2.1
	-0.65
	0.63
	[-2.3, 0.63]
	[-1.65, 1.28]

	AWGN
	-3
	-0.95
	0.1
	1.4
	[-0.95, 1.4]
	[-1.1, 1.3]


Table 6.3.2.1.2.1-7: Absolute RSRP measurement results [CATT: R4-154404]

	Propagation

condition
	
	-8dB
	-6dB
	-3dB
	0dB
	3dB

	AWGN
	5%-tile
	0.6001
	-0.0006
	-0.212
	-0.1824
	-0.13

	
	95%-tile
	2.3142
	1.5018
	0.8675
	0.5531
	0.3591

	
	Absolute accuracy
	2.3142
	1.5018
	0.8675
	0.5531
	0.3591

	
	Relative accuracy
	0.9031
	0.7766
	0.5506
	0.3984
	0.2721

	EVA875
	5%-tile
	0.5782
	-0.1398
	-0.5518
	-0.5880
	-0.616

	
	95%-tile
	2.4434
	1.7682
	1.2584
	1.1038
	1.0616

	
	Absolute accuracy
	2.4434
	1.7682
	1.2584
	1.1038
	1.0616

	
	Relative accuracy
	1.0012
	1.0276
	0.9342
	0.8837
	0.8551

	SFN
	5%-tile
	0.5981
	-0.0318
	-0.3285
	-0.3495
	-0.2997

	
	95%-tile
	2.1098
	1.3206
	0.6980
	0.3920
	0.2242

	
	Absolute accuracy
	2.1098
	1.3206
	0.6980
	0.3920
	0.2997

	
	Relative accuracy
	0.8345
	0.7162
	0.5374
	0.3824
	0.2703


Table 6.3.2.1.2.1-8: Absolute RSRQ measurement results [CATT: R4-154404]

	Propagation

condition
	
	-8dB
	-6dB
	-3dB
	0dB
	3dB

	AWGN
	5%-tile
	0.6411
	0.0176
	-0.1915
	-0.1769
	-0.1258

	
	95%-tile
	2.2473
	1.455
	0.8458
	0.5055
	0.3333

	
	Absolute accuracy
	2.2473
	1.455
	0.8458
	0.5055
	0.3333

	
	Relative accuracy
	0.8376
	0.7573
	0.5399
	0.3492
	0.2379

	EVA875
	5%-tile
	0.6298
	-0.1609
	-0.6258
	-0.5811
	-0.5226

	
	95%-tile
	2.3299
	1.4889
	0.7904
	0.3898
	0.1710

	
	Absolute accuracy
	2.3299
	1.4889
	0.7904
	0.5811
	0.5266

	
	Relative accuracy
	0.9163
	0.9041
	0.7540
	0.4939
	0.3479

	SFN
	5%-tile
	0.5857
	-0.0324
	-0.3435
	-0.3405
	-0.2995

	
	95%-tile
	2.1071
	1.3
	0.6718
	0.3632
	0.2006

	
	Absolute accuracy
	2.1071
	1.3
	0.6718
	0.3632
	0.2995

	
	Relative accuracy
	0.8277
	0.7153
	0.5401
	0.3688
	0.2637


Table 6.3.2.1.2.1-9: Absolute RSRP measurement results [Samsung: R4-154449]

	Channel
	SNR(dB)
	Absolute RSRP accuracy

	
	
	5%
	50%
	95%
	Δ(5,95)
	Absolute accuracy

	AWGN
	-8
	-0.8
	1.6
	3.1
	3.9
	3.1

	
	-6
	-0.2
	1.2
	2.4
	2.6
	2.4

	
	-3
	-0.1
	0.8
	1.6
	1.7
	1.6

	
	0
	0
	0.5
	1.1
	1.1
	1.1

	
	3
	0
	0.4
	0.8
	0.8
	0.8

	EVA 875Hz
	-8
	-2.1
	0.8
	2.6
	4.7
	2.6

	
	-6
	-1.3
	0.5
	1.9
	3.2
	1.9

	
	-3
	-0.9
	0.2
	1.1
	2
	1.1

	
	0
	-0.7
	0
	0.7
	1.3
	0.7

	
	3
	-0.5
	0
	0.4
	0.9
	0.5

	SFN 2 Tap
	-8
	-1.1
	1.5
	3.1
	4.2
	3.1

	
	-6
	-0.4
	1.2
	2.3
	2.7
	2.3

	
	-3
	-0.2
	0.7
	1.5
	1.7
	1.5

	
	0
	-0.2
	0.4
	1
	1.2
	1

	
	3
	-0.2
	0.3
	0.7
	0.9
	0.7


Table 6.3.2.1.2.1-10: RSRP measurement results [ZTE: R4-154712]

	Delta RSRP
	5%
	95%
	Relative Accuracy
	Absolute Accuracy

(50%)

	Channel
	SNR(dB)
	
	
	
	

	SFN Set1　　1000m


	-8
	0.5960
	3.1229
	±1.2635
	1.9178

	
	-6
	-0.0892
	2.1039
	±1.0966
	1.0281

	
	-3
	-0.5147
	1.2244
	±0.8696
	0.3499

	
	0
	-0.5352
	0.7350
	±0.6351
	0.0956

	
	3
	-0.4742
	0.4666
	±0.4704,
	0.0155

	SFN

Set2

500m
	-8
	0.3057
	3.0810
	±1.3876
	1.7621

	
	-6
	-0.1413
	2.1200
	±1.1306
	0.9789

	
	-3
	-0.3720
	1.2001
	±0.7860
	0.3994

	
	0
	-0.3836
	0.7159
	±0.5498
	0.1811

	
	3
	-0.303
	0.4483
	±0.3757
	0.0838


Table 6.3.2.1.2.1-11: RSRQ measurement results [ZTE: R4-154712]

	Delta RSRQ
	5%
	95%
	Relative Accuracy
	Absolute Accuracy

(50%)

	Channel
	SNR(dB)
	
	
	
	

	SFN Set1
	-8
	0.5725
	3.1153
	±1.2714
	1.9135

	
	-6
	-0.0812
	2.1169
	±1.0991
	1.0225

	
	-3
	-0.5140
	1.2199
	±0.8669
	0.3439

	
	0
	-0.5211
	0.7385
	±0.6298
	0.0902

	
	3
	-0.4717
	0.4661
	±0.4689
	0.0205

	SFN Set2
	-8
	0.3197
	3.0740
	±1.3772
	1.7611

	
	-6
	-0.1436
	2.1119
	±1.1278
	0.9769

	
	-3
	-0.3705
	1.1956
	±0.7830
	0.3949

	
	0
	-0.3824
	0.7242
	±0.5533
	0.1764

	
	3
	-0.2933
	0.4476
	±0.3704
	0.0801


6.3.2.1.2.2
Summary
Summary in this section is based on the link level simulation and conclusions from interested companies. 
· The ideal RSRP and RSRQ are defined as the signal power under AWGN channel. RSRP excludes noise and RSRQ, RSSI includes noise.
· For RSRP/RSRQ measurement accuracy requirements under SFN scenarios, the current requirements in high Doppler conditions defined in TS 36.133 could be reused.

6.3.2.2
Leaky cable (1st hop of scenario 2c)

In this clause, the RLM, measurement accuracy and cell identification performance are evaluated based on the simulation assumptions in clause 6.3.1.2. 
6.3.2.2.1
RLM

6.3.2.2.1.1
Simulation results

The simulation results of PDCCH performance according to the simulation assumptions in 6.3.1.2.1 are captured in this section.
[image: image92.png]Sindle Call: BAS10VHz, AWGEN

ot





Figure 6.3.2.2.1.1-1: PDCCH performance in AWGN (Huawei) [R4-155797]
[image: image93.png]Singe Call: BA=10VHz, EVA 875+t

o

T i
2 1 0 9 8 7 6 5 4 3 2
Saning Call Geornetry (Uirt: cB)





Figure 6.3.2.2.1.1-2: PDCCH performance in EVA 875Hz (Huawei) [R4-155797]
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Figure 6.3.2.2.1.1-3: PDCCH performance in leaky cable, (Huawei) [R4-155797]
SNR values of Qout and Qin for leaky cable are showed in the Table 6.3.2.2.1.1-1.
Table 6.3.2.2.1.1-1: SNR value of Qin/Qout (Unit: dB) (Huawei) [R4-155797]

	Antenna configuration
	Verification point
	Channel Model

	
	
	AWGN
	EVA 875Hz
	leaky cable
	ETU 70Hz (For Reference)

	1x2
	Qout
	-12.14
	-8.91
	-11.26
	-9.54

	
	Qin
	-7.23
	-4.14
	-5.29
	-5.07

	2x2
	Qout
	-12.17
	-9.60
	-11.76
	-10.18

	
	Qin
	-7.24
	-5.01
	-6.48
	-5.62


6.3.2.2.1.2
Summary
Summary in this section is based on the link level simulation and conclusions from interested companies. 

· No new RLM requirement under the leaky cable is needed.
6.3.2.2.2
RSRP/RSRQ accuracy
6.3.2.2.2.1
Simulation results

The simulation result of RSRP/RSRQ accuracy according to the simulation assumptions in 6.3.1.2.2 is captured in this section.
Table 6.3.2.2.2.1-1: RSRP/ RSRQ accuracy under AWGN (Huawei) [R4-155797]

	SNR (dB)
	AWGN RSRP accuracy
	AWGN RSRQ accuracy

	
	5%
	50%
	95%
	relative
	5%
	50%
	95%

	-8
	-1.51
	0.88
	2.51
	-2.39
	-1.53
	0.89
	2.47

	-7
	-1.20
	0.67
	2.06
	-1.87
	-1.18
	0.65
	2.02

	-6
	-1.00
	0.59
	1.84
	-1.59
	-0.99
	0.57
	1.82

	-5
	-0.82
	0.48
	1.68
	-1.30
	-0.76
	0.45
	1.66

	-4
	-0.69
	0.43
	1.45
	-1.12
	-0.64
	0.43
	1.39

	-3
	-0.55
	0.38
	1.13
	-0.93
	-0.53
	0.37
	1.14

	-2
	-0.51
	0.31
	1.04
	-0.82
	-0.48
	0.31
	0.99

	-1
	-0.44
	0.28
	0.93
	-0.72
	-0.42
	0.26
	0.89

	0
	-0.33
	0.24
	0.77
	-0.57
	-0.32
	0.23
	0.72

	1
	-0.31
	0.21
	0.73
	-0.52
	-0.29
	0.20
	0.70

	2
	-0.27
	0.19
	0.65
	-0.46
	-0.25
	0.19
	0.60

	3
	-0.24
	0.15
	0.56
	-0.41
	-0.24
	0.13
	0.52


Table 6.3.2.2.2.1-2: RSRP/ RSRQ accuracy under EVA875 (Huawei) [R4-155797]

	SNR (dB)
	EVA875 RSRP accuracy
	EVA875 RSRQ accuracy

	
	5%
	50%
	95%
	relative
	5%
	50%
	95%

	-8
	-2.17
	0.28
	2.11
	-2.45
	-2.01
	0.32
	2.17

	-7
	-2.03
	0.18
	1.76
	-2.21
	-2.06
	0.24
	1.75

	-6
	-1.59
	0.1
	1.58
	-1.69
	-1.61
	0.14
	1.58

	-5
	-1.5
	-0.02
	1.29
	-1.48
	-1.39
	0.01
	1.28

	-4
	-1.35
	-0.05
	1.05
	-1.3
	-1.23
	-0.04
	1.06

	-3
	-1.08
	-0.04
	0.93
	-1.04
	-1.03
	-0.02
	0.92

	-2
	-1.01
	-0.1
	0.75
	-0.91
	-0.93
	-0.07
	0.86

	-1
	-0.94
	-0.11
	0.62
	-0.83
	-0.81
	-0.07
	0.6

	0
	-0.81
	-0.11
	0.54
	-0.7
	-0.77
	-0.09
	0.53

	1
	-0.74
	-0.12
	0.44
	-0.62
	-0.64
	-0.09
	0.46

	2
	-0.66
	-0.13
	0.34
	-0.53
	-0.61
	-0.12
	0.35

	3
	-0.6
	-0.15
	0.28
	-0.45
	-0.56
	-0.13
	0.28


Table 6.3.2.2.2.1-3: RSRP/ RSRQ accuracy under leaky cable (Huawei) [R4-155797]

	SNR (dB)
	leaky cable RSRP accuracy
	leaky cable RSRQ accuracy

	
	5%
	50%
	95%
	relative
	5%
	50%
	95%

	-8
	-1.69
	0.14
	1.60
	1.83
	-1.62
	0.15
	1.60

	-7
	-1.38
	0.10
	1.34
	1.48
	-1.32
	0.11
	1.35

	-6
	-1.22
	0.06
	1.16
	1.28
	-1.13
	0.09
	1.15

	-5
	-0.96
	0.07
	0.97
	1.03
	-0.92
	0.06
	0.97

	-4
	-0.92
	0.03
	0.85
	0.95
	-0.84
	0.02
	0.81

	-3
	-0.72
	0.01
	0.75
	0.73
	-0.69
	0.03
	0.75

	-2
	-0.64
	0.03
	0.65
	0.67
	-0.60
	0.02
	0.63

	-1
	-0.55
	0.01
	0.56
	0.56
	-0.51
	0.03
	0.53

	0
	-0.45
	0.02
	0.49
	0.47
	-0.42
	0.03
	0.46

	1
	-0.42
	0.01
	0.42
	0.43
	-0.39
	0.02
	0.42

	2
	-0.37
	0.00
	0.35
	0.37
	-0.33
	0.01
	0.34

	3
	-0.31
	0.00
	0.31
	0.31
	-0.28
	0.01
	0.30


Table 6.3.2.2.2.1-4: RSRP accuracy under leaky cable (Samsung) [R4-155721]

	Channel
	SNR(dB)
	Absolute RSRP accuracy

	
	
	5%
	50%
	95%
	Δ(5,95)
	Absolute accuracy

	AWGN
	-8
	-0.8
	1.6
	3.1
	3.9
	3.1

	
	-6
	-0.2
	1.2
	2.4
	2.6
	2.4

	
	-3
	-0.1
	0.8
	1.6
	1.7
	1.6

	
	0
	0
	0.5
	1.1
	1.1
	1.1

	
	3
	0
	0.4
	0.8
	0.8
	0.8

	EVA 875Hz
	-8
	-2.1
	0.8
	2.6
	4.7
	2.6

	
	-6
	-1.3
	0.5
	1.9
	3.2
	1.9

	
	-3
	-0.9
	0.2
	1.1
	2
	1.1

	
	0
	-0.7
	0
	0.7
	1.3
	0.7

	
	3
	-0.5
	0
	0.4
	0.9
	0.5

	Leaky cable
	-8
	-1.8
	0.8
	2.4
	4.1
	2.4

	
	-6
	-1
	0.5
	1.8
	2.8
	1.8

	
	-3
	-0.7
	0.2
	1.1
	1.8
	1.1

	
	0
	-0.5
	0.1
	0.7
	1.2
	0.7

	
	3
	-0.4
	0
	0.5
	0.9
	0.5


6.3.2.2.2.2
Summary
Summary in this section is based on the link level simulation and conclusions from interested companies. 
· The measurement accuracy of RSRP and RSRQ in leaky cable channel could meet the current requirements under high Doppler conditions.
6.3.2.2.3
Cell identification

6.3.2.2.3.1
Simulation results

The simulation result of cell identification performance under leaky cable scenario according to the simulation assumptions in 6.3.1.2.3 is captured in this section.
Table 6.3.2.2.3.1-1: Cell detection delay for leaky cable (Unit: ms) (Huawei) [R4-155797] 

	Case#
	SINR

	
	-8dB
	-7dB
	-6dB

	1
	70
	30
	20

	2
	135
	55
	25

	3
	65
	35
	15

	4
	50
	25
	10

	5
	75
	40
	25

	6
	75
	40
	25

	7
	75
	35
	25

	8
	80
	35
	25


Table 6.3.2.2.3.1-2: Cell detection delay for leaky cable (Unit: ms) (Samsung) [R4-155717] 

	Channel

Case
	Leaky cable

	
	SINR=
-6dB
	SINR=
-7dB
	SINR=
-8dB

	1
	100
	190
	510

	2
	80
	160
	350

	3
	30
	30
	40

	4
	90
	170
	490

	5
	70
	140
	240

	6
	80
	140
	240

	7
	30
	40
	40

	8
	70
	140
	260


6.3.2.2.3.2
Summary
Summary in this section is based on the link level simulation and conclusions from interested companies. 
· For cell identification requirements under leaky cable channel, the existing cell identification requirements defined in TS 36.133 could be reused.
6.3.3
Possible essential enhancement options

In SFN channel, the relative powers of two taps are comparable and the Doppler shifts of two taps are with the different signs at the midway of the two RRHs. It would be challenging for UE to estimate the Doppler shifts and perform the channel estimation. The simulation results of RLM in clause 6.3.1.1.1 show that the PDCCH performance has degradation under SFN channel compared with AWGN and ETU70. Therefore some enhancements are needed. The possible enhanced options are described in section 6.4.3 in demodulation part. Different enhanced solution options would impact the SINR value of Qin and Qout, so the test cases of RLM can be considered.
6.3.4
Other issues and possible options
· RRM in DRX for idle mode:

The existing latency requirements under DRX configuration for idle mode are not suitable for high speed scenario;
· Candidate solution 1: tightening UE requirements (Huawei [R4-154763])
· Candidate solution 2: providing the indication to UE and when UE is operating in the high speed UE should follows the tightened requirements(Ericsson [R4-154562]).

Other solutions are not precluded.
· RRM in DRX for connected mode:

The following latency requirements in long DRX (no less than 160ms) for connected mode would result in performance degradation under high speed scenario:

· Cell identification time 
· Measurement period 
Note: There is no consensus on short DRX configuration. Some companies provide the analysis showing in short DRX the existing latency requirements would result in performance degradation under high speed scenario [R4-155792].
The following candidate solutions are provided,

· Candidate solution 1: UEs would need to perform cell search and measurement more frequently than once per DRX cycle;
· Candidate solution 2: Enhance cell identification and measurement requirements in DRX for high speed scenarios (Huawei [R4-155792]);
· Candidate solution 3: Trigger the active measurements, e.g., the UE could increase the measurement activity if the serving cell RSRP falls below a certain threshold(Qualcomm [R4-156050]);
· Candidate solution 4: Network provides the assistant information to UE such that UE have different behaviour compared to the legacy UE (Intel);
· Candidate solution 5: Enhanced RRM requirements are defined up to the upper bound DRX cycle (Nokia [R4-155854]).
· Candidate solution 6: Enhance RRM requirements based on the estimated UE relative distance changes by the use of previous UE measurements at previous DRX ON durations (Alcatel-Lucent [R4-158183]).
· Candidate solution 7: Reduce RLM (out of sync monitoring) window and RLF timers to enable quick RRC re-establishments in the target cell (Qualcomm [R4-157272])
6.4
Downlink performance enhancements under identified high speed scenarios

In this section the UE demodulation performances will be evaluated under the SFN scenario which corresponds to Scenario 1 and 2d, and under the scenario of leaky cable in tunnel which corresponds to the 1st hop of scenario 2c where the repeater without the frequency correction functionality.
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
PUCCH 1-0 periodic CQI feedback mode

	Propagation condition and correlation matrix
	SFN
	
	Dynamic SFN channel as specified in 6.2.3.1: 

· 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 as specified in 6.2.3.2

The performance under AWGN is provided for performance comparison

	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
	
	MCS#19 (R.35-4 FDD)

	Propagation condition and correlation matrix
	SFN
	
	Dynamic SFN channel as specified in 6.2.3.1:
· 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 as specified in 6.2.3.2

· The performance under AWGN is provided for performance comparison

	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

6.4.2.1
SFN scenario (RRH sharing the same cell id)
The simulation results of PDSCH under SFN scenario according to the simulation assumptions in 6.4.1 are captured in Figure 6.4.2.1-1 to 6.4.2.1-4.Comparing the simulation results under 350km/h and 30km/h, the significant performance gap is observed by using the legacy UE.
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(a)Link adaptive simulation results
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(b)Fixed MCS simulation results
Figure 6.4.2.1-1 PDSCH simulation results Huawei, HiSilicon [R4-155657]
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(a) Link adaptive simulation results
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(b) Fixed MCS simulation results
Figure 6.4.2.1-2 PDSCH simulation results CATT [R4-155454]
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(a) Throughput under link adapation with OLLA
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(b) Throughput under MCS 14
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(c) Throughput under MCS 19

Figure 6.4.2.1-3 PDSCH simulation results CMCC [R4-155978]
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(a) Simulation results of the legacy receiver with link adaption and distance between radio heads is 1000m. 
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(b) Simulation results of the legacy receiver with link adaption and distance between radio heads is 500m. 

[image: image104.png]18

16

3 8 =

Throughput [Mbps]

HST SFN: MCS 19 Fs=1000m

—&— HST SFN 870H]
—— HSTSFN 70Hz

10 15 20 2 30
SNR (dB]

35




(c) Simulation results of the legacy receiver  with fixed MCS=19 and distance between radio heads is 1000m
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(d) Simulation results of the legacy receiver with fixed MCS=19 and distance between radio heads is 500m

Figure 6.4.2.1-4 PDSCH simulation results Ericsson [R4-156001]

Table 6.4.2.1-1: Simulation parameters for the HST channel model (TM3)
	Parameter
	Value
	Unit

	Bandwidth
	10
	MHz

	Duplex mode
	FDD
	

	MCS
	19
	

	Antenna configuration
	2×2
	

	Transmission mode
	3
	

	Reference receiver
	MMSE
	

	Ds (RRH to RRH distance)
	2000
	m

	Dmin (RRH to railway distance)
	50
	m

	v (train speed)
	350
	km/h

	fd (max.Doppler shift)
	872
	Hz


Figure 6.4.2.1-5 (a) plots the simulation results as per the simulation parameters defined in above Table 6.4.2.1-1.
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(a) Simulation results for legacy UE’s normalized throughput in the HST-SFN channel relative to the throughput in the EVA channel with 5Hz maximum Doppler shift (TM1)
Table 6.4.2.1-2: Simulation parameters for the HST channel model (TM3)
	Parameter
	Value
	Unit

	Bandwidth
	10
	MHz

	Duplex mode
	FDD
	

	MCS
	19
	

	Antenna configuration
	2×2
	

	Transmission mode
	3
	

	Reference receiver
	MMSE
	

	Ds (RRH to RRH distance)
	2000
	m

	Dmin (RRH to railway distance)
	50
	m

	v (train speed)
	350
	km/h

	fd (max.Doppler shift)
	872
	Hz


Figure 6.4.2.1-5 (b) plots the simulation results as per the simulation parameters defined in above Table 6.4.2.1-2.
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(b) Simulation results for legacy UE’s normalized throughput in the HST-SFN channel relative to the throughput in the EVA channel with 70Hz maximum Doppler shift (TM3).

Figure 6.4.2.1-5 PDSCH simulation results Intel [R4-156999]
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(a) PDSCH throughput in SFN channel with fixed MCS scheduling with modified legacy UE
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 (b) Link adaptation (with OLLA) throughput in SFN channel with [image: image120.png]
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Figure 6.4.2.1-5 PDSCH simulation results Qualcomm [R4-157944]
6.4.2.2
Leaky cable in tunnel
The simulation result of PDSCH under leaky cable scenario according to the simulation assumptions in 6.4.1 is captured in Figure 6.4.2.2-1.
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(a) Link adaptation performance
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(b) Fixed MCS performance
Figure 6.4.2.2-1 PDSCH simulation results under the channel model for leaky cable in tunnel, Huawei, HiSilicon (R4-155662)
6.4.2.3
Summary of evaluation
· SFN scenario

Based on the observation in 6.4.2.1, the significant performance gap is observed under 350km/h and 30km/h in the identified scenario. So the performance enhancement needs to be considered.
· Leaky cable scenario

To guarantee the UE demodulation performance under the leaky cable channel specified in 6.2.3 would not be challenging. There is no need to introduce the new demodulation performance requirement for the scenario of the leaky cable in tunnel.
6.4.3
Possible essential enhancement options

According to the summary of evaluation in 6.4.2.3, the significant performance degradation under the SFN scenarios is observed, and the performance enhancement needs to be considered. In this section, the candidate solutions will be captured.

The impact of the candidate solutions on the specifications will be discussed in the following-up work item, including the demodulation performance requirements, RRM requirements and CSI requirements.
6.4.3.1
Advanced receiver in high speed scenario

In the SFN scenario with the omni-directional antenna (or alike) or separate antennas covering one of two directions per site , the relative powers of two taps of the received signal are comparable, and the Doppler frequencies for them are very high and with the opposite signs, when UE is located around in the middle of two RRHs. The significant downlink performance degradation is observed for the legacy UE, which can only track the single Doppler shift and may assume the U-shape spectrum for Doppler spread, because of the imperfect frequency tracking and channel estimation.

To meet the challenge, the potential solution of the new UE performance algorithm under the SFN scenario is proposed in this section. The new algorithms for frequency tracking and the channel estimation could be conducted by the advanced receiver. Such receiver could be called as HeUE (high speed scenario enhanced UE), which is characterized by

· The advanced receiver assumes the existence of multiple Doppler shifts and is able to estimate them by utilizing the enhanced estimation algorithms, 

· E.g., the non-linear LS, MUSIC, high-order Yule-Walker etc;

· The advanced receiver is able to properly track the frequency to adjust its own oscillator to keep synchronization by assuming the existence of multiple Doppler shifts,

· E.g., using the strategy where UE tracks the stronger tap when the power of one tap is much stronger than the other and tracks the centre between two Doppler shifts when two taps are almost with the equal power;

· The advanced receiver can conduct the proper interpolation for the channel estimation especially in time domain, 

· E.g., conducting time-domain interpolation by using the Wiener filter assuming two Doppler shifts instead of U-shape Doppler spectrum with the single Doppler shift under the SFN scenario.

In Figure 6.4.3.1-1, the simulation result provided by Huawei [R4-157700] for the advanced receiver with the fixed MCS is provided. The simulation assumptions are provided in 6.4.1. Comparing the curve of 350km/h with the advanced receiver (marked by HeUE in the figure) to the curve of 350km/h with the legacy UE, the performance under SFN scenario becomes significantly improved.
In Figure 6.4.3.1-1, the legacy UE is the UE complying with Rel-12 demodulation performance requirements. The modified legacy UE is the UE with the modified frequency tracking algorithm to reduce the up and down of the estimated frequency when UE is located in between two RRH-s.
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Figure 6.4.3.1-1: Simulation results for the advanced receiver

For the advanced receiver, the new demodulation performance requirements would be needed and also the CSI reporting requirements could be considered.
6.4.3.2
BS frequency pre-compensation

In this section, the BS based solution called the BS frequency pre-compensation is introduced, in which BS will determine the downlink Doppler frequency to be compensated by estimating the uplink Doppler frequency using the uplink signal, e.g., PUCCH and PUSCH, and then compensate the frequency per RRH before transmitting in downlink.
In Figure 6.4.3.2-1, the simulation result with the frequency pre-compensation under the SFN channel model defined in 6.4.2.1 with 350km/h velocity is provided compared with the performance of legacy UE assuming the fixed MCS assumption. During the simulation, the BS is assumed to use the UE 100 meters away from the targeting UE as the reference point to estimate the Doppler frequency for the compensation per RRH. It is assumed that the Doppler shift estimation at each RRH is ideal. UE is the legacy UE which assumes the single Doppler shift and U-shape spectrum for Doppler spread. And the other simulation assumptions are provided in 6.4.1 and more details are referred in R4-155658.

From Figure 6.4.3.2-1, the performance of PDSCH under SFN scenario can be significantly improved by using the BS frequency pre-compensation scheme.

[image: image126.emf]4 6 8 10 12 14 16 18 20 22 24 26

5

10

15

20

25

30

SNR (dB)

Throughput (Mbps)

 

 

350km/h ideal CH est

350km/h BS frequency pre-compensation

TM3 legacyUE

MaxTP

70%MaxTP


Figure 6.4.3.2-1: Simulation results for the solution of BS frequency pre-compensation (R4-155658)

More analysis on the BS frequency pre-compensation will be provided in the following. The BS frequency pre-compensation discussed here is mainly based on the CRS transmission mode (in order to enhance both system information block transmission and data transmission), and the frequency to be compensated is cell-specific. As a result, for the scenario where the train pass one site, the UEs in the front of the train and in the rear of the train may observe the different Doppler frequencies. The UE performance won’t degrade significantly in such scenario, but some possible remedies may be needed. Firstly, for the site with the omni-directional antenna or the antenna alike, one path of signal from the nearest site will dominate the channel and the performance can be guaranteed if UE can track the dominant Doppler frequency. Secondly, the splitting RRH-s will be used per site, and each RRH will cover one of two directions, and the different Doppler frequency compensations are able to apply to the separate RRH-s.
There are other aspects which may need further analysis like the speed of the frequency compensation loop when a UE is passing a RRH site at high speed and the case when two trains meet each other.
6.4.3.3
Unidirectional SFN scenario
The Unidirectional SFN scenario is based on a network deployment where directional antennas are used and where it therefore can be controlled at which point a UE leaves one beam and enters the next. The intention is to provide a stable downlink carrier frequency as experienced by the UE when travelling at high speed. This can be achieved by arranging the RRHs in such manner that the strongest signal received by the UE has a nearly constant Doppler shift without sign-alternation. A stable downlink frequency as experienced by the UE leads to that uplink transmissions from the same UE are received by the RRHs with a nearly constant frequency offset. Additionally, all UEs travelling onboard the same train share the same Doppler and frequency offset characteristics. 

The Unidirectional SFN scenario is intended to serve both existing HST requirements (support of UE speeds up to 350km/h) and future potential requirements (support of UE speeds higher than 350km/h; evaluation carried out at 500 and 750km/h).
Downlink channel model, simulation assumptions and simulation results are provided in the subsections below. Uplink characteristics are described in Section 6.5.3.2. Information on possible solution for mobility between SFN cell groups is provided in Appendix.
6.4.3.3.1
Unidirectional SFN scenario (RRHs sharing the same cell id, beams aligned in same direction)
In this section the channel model for the Unidirectional RRH arrangement for SFN is described in terms of time-variable Doppler shifts, tap delays and relative received power levels. The channel model is based on a 3-tap propagation model, see Figure 6.4.3.3.1-1. For this model, DLTX and ULRX beams, respectively, are aligned in the same direction along the high-speed train track, and for the baseline configuration the DLTX and ULRX beams are oriented in the same direction along the track. 
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Figure 6.4.3.3.1-1: Unidirectional SFN scenario in baseline configuration, using a 3-tap channel.
For good performance it is essential that side-lobes directed towards the track are received at lower power than the signal from the main-lobe. Hence the antenna characteristics and particularly the antenna radiation pattern is of importance, and is a limiting factor for which geometries with respect to inter-site distance DS and minimum track-to-RRH distance Dmin , that can be supported. For the evaluation of the Unidirectional SFN scenario an exemplary antenna with FBR and FSR of somewhat more than 30dB has been selected, although antennas with lower FBR and/or FSR can be used provided that DS and Dmin are chosen accordingly. The antenna radiation pattern of the exemplary antenna is shown in Figure 6.4.3.3.1-2 and described further below.
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Figure 6.4.3.3.1-2: Assumed antenna radiation pattern for RRH DL TX and UL RX antennas in Unidirectional SFN scenario.
The principle of Unidirectional SFN is further illustrated in Figures 6.4.3.3.1-3 and 6.4.3.3.1-4. Figure 6.4.3.3.1-3 shows coverage of the antenna models for RRHs positioned along a track. Figure 6.4.3.3.1-4 zooms in on the area where coverage overlaps for adjacent RRHs, and it therefore is important to avoid that the UE receives side-lobes from one RRH at higher power level than it receives the main-lobe from another RRH.     
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Figure 6.4.3.3.1-3: Illustration of coverage provided by consecutive RRHs in a unidirectional SFN scenario.
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Figure 6.4.3.3.1-4: Illustration of coverage overlap of adjacent RRHs. Geometries needs to be selected in such manner that the UE receives side-lobes at lower power level than it receives the main-lobe.
The signal received by the UE for path i can be modelled as follows,
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(6.4.3.3.1-1)
where 
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(6.4.3.3.1-2)
where [image: image136.png]


 is a semi-static channel phase,  [image: image138.png]p; (£)



 is the combined effect of beam shape and path-loss, [image: image140.png]


 is the nominal carrier frequency, [image: image142.png]fi(t)



 is the instantaneous Doppler shift, [image: image144.png]d;(t)



 is the propagation delay, [image: image146.png]n; () - A



 is a deliberately introduced transmission time delay to compensate for the propagation time between two RRHs, [image: image148.png]


 is the speed of the UE, and where [image: image150.png]sp(t)



 is the baseband signal transmitted in the SFN cell. The transmission delay Δ compensates for the propagation delay difference between RRH i-1 and RRH i at the point in time when the UE is as closest to RRH i, and is defined as
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(6.4.3.3.1-3)

where c is the speed of light. The other parameters are described further below.
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Figure 6.4.3.3.1-5: Definition of angles for evaluation of antenna gain for path i.
In the following description the angles [image: image155.png]8;(t) € [0,x]



  and γ are defined as illustrated in Figure 6.4.3.3.1-5. The parameter [image: image157.png]


 is the angle between the UE position on the track and the ith RRH. The parameter γ is the orientation of the RRH main lobes towards the track. 
· Doppler shift
The RRHs are lined up along the railway track at equal distances to the track and identical inter-site distances. Path 0 denotes the path from the previously passed RRH, path 1 the path from the just recently passed RRH, path 2 the path from the closest approaching RRH; see Figure 6.4.3.3.1-1.

Doppler shifts for the paths i=0..2 are given by
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in which 
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 is the maximum Doppler frequency. The cosine angles [image: image162.png]g; (t)



 are given by

[image: image164.png]L 1=0,0<t=D,/v

i=1, 0<t=D/v

i=2 0<t=D/v

sty (tmod(2))., vi. ¢ D,/v









(6.4.3.3.1-5)
where Ds is the inter-site distance in meters between two RRHs; Dmin is the shortest distance in meters between the RRH and the railway track; v is the velocity of the train in m/s; and t is the time in seconds. Doppler shifts and cosine angles are given by equations 6.4.3.3.1-4 and 6.4.3.3.1-5, where the required parameters are listed in Tables 6.4.3.3.1-1, 6.4.3.3.1-2, 6.4.3.3.1-3, 6.4.3.3.1-4, 6.4.3.3.1-5 and 6.4.3.3.1-6, respectively. The resulting normalized Doppler shift trajectory for each of the paths is shown in Figure 6.4.3.3.1-6.
Table 6.4.3.3.1-1: Parameters for Unidirectional SFN scenarios 350km/h
	Parameter
	Value

	Ds
	1000 m

	Dmin
	30 m

	v
	350 km/h

	fd
	875 Hz

	γ
	5º


Table 6.4.3.3.1-2: Parameters for Unidirectional SFN scenarios 350km/h
	Parameter
	Value

	Ds
	500 m

	Dmin
	15 m

	v
	350 km/h

	fd
	875 Hz

	γ
	5º


Table 6.4.3.3.1-3: Parameters for Unidirectional SFN scenarios 500km/h
	Parameter
	Value

	Ds
	1000 m

	Dmin
	30 m

	v
	500 km/h

	fd
	1250 Hz

	γ
	5º


Table 6.4.3.3.1-4: Parameters for Unidirectional SFN scenarios 500km/h
	Parameter
	Value

	Ds
	500 m

	Dmin
	15 m

	v
	500 km/h

	fd
	1250 Hz

	γ
	5º


Table 6.4.3.3.1-5: Parameters for Unidirectional SFN scenarios 750km/h
	Parameter
	Value

	Ds
	1000 m

	Dmin
	30 m

	v
	750 km/h

	fd
	1875 Hz

	γ
	5º


Table 6.4.3.3.1-6: Parameters for Unidirectional SFN scenarios 750km/h
	Parameter
	Value

	Ds
	500 m

	Dmin
	15 m

	v
	750 km/h

	fd
	1875 Hz

	γ
	5º
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Figure 6.4.3.3.1-6: Normalized Doppler shift trajectory for Unidirectional SFN scenarios in Tables 6.4.3.3.1-2, 6.4.3.3.1-4 and 6.4.3.3.1-6.
· Relative power
The signal power received by the UE from each respective path is given by
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(6.4.3.3.1-6)
where G([image: image169.png]


) is a function describing the RRH beam characteristics (amplitude and phase) for path i at angle [image: image171.png]


 relative to the main lobe normal.
For the purpose of evaluation, the beam is modelled as a linear array with beam shaping weights provided in Table 6.4.3.3.1-7, by which G(•) is modelled by a FIR filter. See Figure 6.4.3.3.1-2 for a sketch of [image: image173.png]1G6(e)1%



. The antenna radiation pattern at angle φ is calculated as
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(6.4.3.3.1-7)
The resulting relative signal power for each of the paths is shown in Figure 6.4.3.3.1-7.

Table 6.4.3.3.1-7: Coefficients for modelling beam shape characteristics
	Array weight [image: image177.png]



	Coefficient [image: image179.png]a





	0
	0.019194052903732 

	1
	0.033761601544153

	2
	0.056016046672771

	3
	0.080084528366365

	4
	0.101814080796633

	5
	0.116978896579721

	6
	0.123420002605498

	7
	0.116978896579721

	8
	0.101814080796633

	9
	0.080084528366365

	10
	0.056016046672771

	11
	0.033761601544153

	12
	0.019194052903732

	Note1: The beam shape is modelled as an Equiripple filter with 0.1π wide passband with 0dB gain, 0.2π wide transition bands, and 1.5π wide stopband with 30dB attenuation. Passband and stopband penalties are weighed 1:10.

Note2: The assumed beam shape does not mandate a particular design of RRH antennas; it is selected merely for evaluation of the scenario.
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Figure 6.4.3.3.1-7: Relative signal power per path taking into account path loss and beam shape. The curves are applicable for Unidirectional SFN scenarios in Tables 6.4.3.3.1-2, 6.4.3.3.1-4 and 6.4.3.3.1-6.
· Tap delay
The time delay of each path is given by
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(6.4.3.3.1-8)
where c is the speed of light. The path delay is illustrated in Figure 6.4.3.3.1-8, and the delay of received information when introducing a transmission delay of Δ between successive RRHs is shown in Figure 6.4.3.3.1-9.
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Figure 6.4.3.3.1-8: Radio propagation delay for Unidirectional SFN scenarios in Tables 6.4.3.3.1-2, 6.4.3.3.1-4 and 6.4.3.3.1-6.
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Figure 6.4.3.3.1-9: Signal propagation delay for Unidirectional SFN scenarios in Tables 6.4.3.3.1-2, 6.4.3.3.1-4 and 6.4.3.3.1-6 when accounting for relative delay Δ in transmission timing between successive RRHs.
· Tap phase
The phase [image: image186.png]


 of each path is randomized uniformly within [0,2π] at t=0. Then when passing a RRH path 0 inherits the phase from path 1, path 1 inherits the phase from path 2, and a new phase is randomized for path 2. This scheme is used in order to keep the same channel phase for each respective beam when the UE is passing an RRH.
6.4.3.3.2
Simulation assumptions for Unidirectional SFN
The link simulation assumptions for SFN with unidirectional RRH arrangement are provided in Tables 6.4.3.3.2-1 and 6.4.3.3.2-2 below. The purpose is to investigate UE receiver performance with respect to time and frequency tracking. The measured quantity is the throughput achieved for PDSCH demodulation and decoding.

Table 6.4.3.3.2-1 states the simulation assumptions under outer loop link adaptation, and Table 6.4.3.3.2-2 states the simulation assumptions under fixed MCS.

It shall be noted that the simulation assumptions below are just for performance investigations; future requirements may be tested under different assumptions that are agreed during the work item phase. 
Table 6.4.3.3.2-1: Simulation assumptions for UE demodulation performance evaluation under Unidirectional SFN scenario (Link adaptation)
	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10

	Duplex mode
	
	FDD

	MCS
	
	Link adaptation with OLLA
PUCCH 1-0 periodic CQI feedback mode

	Propagation condition and correlation matrix
	Unidirectional SFN
	
	Dynamic Unidirectional SFN channel as specified in Section 6.4.3.3.1: 

· 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: 500km/h
· Option 3: 750km/h

	Antenna configuration
	
	2x2

	Transmission mode
	
	TM3

	Reference receiver
	
	MMSE-IRC

	Noise estimation
	
	Practical

	Time and frequency track
	
	Practical


Table 6.4.3.3.2-2: Simulation assumptions for UE demodulation performance evaluation under Unidirectional SFN scenario (fixed MCS)
	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10

	Duplex mode
	
	FDD

	MCS
	
	MCS#19 (R.35-4 FDD)

	Propagation condition and correlation matrix
	Unidirectional SFN
	
	Dynamic Unidirectional SFN channel as specified in Section 6.4.3.3.1:
· 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: 500km/h
· Option 3: 750km/h

	Antenna configuration
	
	2x2

	Transmission mode
	
	TM3

	Reference receiver
	
	MMSE-IRC

	Noise estimation
	
	Practical

	Time and frequency track
	
	Practical


6.4.3.3.3
Performance characterization of the Unidirectional SFN scenario
6.4.3.3.3.1
Simulation results
Simulation results for PDSCH demodulation performance in the Unidirectional SFN scenario and under assumptions stated in Section 6.4.3.3.2 are provided in Figure 6.4.3.3.2-1 through Figure 6.4.3.3.2-4. The simulation results for UE speeds 350, 500 and 750km/h suggest that the receiver performance of a UE operating in a Unidirectional SFN is insensitive to the speed at which it is moving.
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Figure 6.4.3.3.3.1-1: PDSCH demodulation performance for outer loop link adaptation (Ds 1000m, Dmin 30m) [Ericsson R4-157802]
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Figure 6.4.3.3.3.1-2: PDSCH demodulation performance for fixed MCS (Ds 1000m, Dmin 30m) [Ericsson R4-157802]
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Figure 6.4.3.3.3.1-3: PDSCH demodulation performance for outer loop link adaptation (Ds 500m, Dmin 15m) [Ericsson R4-157802]
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Figure 6.4.3.3.3.1-4: PDSCH demodulation performance for fixed MCS (Ds 500m, Dmin 15m) [Ericsson R4-157802]
6.4.3.3.3.2
Summary of evaluation
· Unidirectional SFN scenario
The PDSCH demodulation simulation results provided in Section 6.4.3.3.3.1 by Ericsson [R4-157802] and MediaTek [R4-157385] suggest that the receiver performance of a UE operating in a Unidirectional SFN network would be insensitive to the speed at which it is moving.

6.4.3.4
HST RRH with distributed orthogonal antenna ports (DOAP)
One solution to improve UE demodulation performance in the HST SFN deployments is to use a combination of the SFN data signal (e.g. PDSCH) transmissions from different RRHs and orthogonal non-SFN reference signal transmission from different RRHs on orthogonal antenna ports (Distributed Orthogonal Antenna Ports). In the below solutions, the UE needs be enhanced. In the latter case, i.e., DMRS-TM deployment cases, a HST enhanced UE (HeUE) may estimate the propagation channel and channel statistics including power delay profile, frequency and time offsets for each RRH separately using the reference signal and use this information to improve the demodulation of the combined SFN data signal.

· RRH deployment with Distributed Orthogonal Antenna Ports (DOAP)
In this section, a HST RRH deployment with distributed reference signal transmission using orthogonal antenna ports is proposed to combat with the problem of large opposite Doppler shifts at the UE side.

The outlines of proposed RRH deployments are as below:

(i) CRS-TM deployment : 

· SFN RRHs use CRS-based PDSCH transmission modes.

· All RRHs in a SFN group transmit same PDSCH payload simultaneously (i.e. joint transmission for data);

· In the RRH deployment along the train rail, a subset of RRHs (e.g. odd-numbered RRHs) may use one antenna port (or a pair of APs, e.g. CRS AP 0 and/or CRS AP 2) and another subset of RRHs (e.g. even-numbered RRHs) use another antenna port (e.g. CRS AP 1 and/or CRS AP  3);

· Different subsets of RRHs transmit reference signals of different AP(s) in SFN. The corresponding CRSs are orthogonal. The CRS antenna ports in the deployment builds DOAPs.

(ii) DMRS-TM deployment : 

· SFN RRHs use DMRS-based PDSCH transmission modes (i.e. TM 8, 9 or 10).

· All RRHs in a SFN group transmit same PDSCH payload simultaneously (i.e. joint transmission for data);

· In the RRH deployment along the train rail, a subset of RRHs (e.g. odd-numbered RRHs) may use one antenna port (e.g. DMRS AP 7 or DMRS AP 9) and another subset of RRHs (e.g. even-numbered RRHs) use another antenna port (e.g. DMRS AP 8 or DMRS AP 10);

· The odd- and even-numbered RRHs transmit reference signals of different AP(s) in SFN. The corresponding DMRSs are orthogonal. The DMRS APs in the deployment builds DOAPs.

The RRM measurement, demodulation and CSI feedback performance can be further investigated.

Figure 6.4.3.4-1 is an example of RRH deployment scenario with DMRS DOAPs. CRS-TMs network can be deployed with the same concept.
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Figure 6.4.3.4-1: Conceptual diagram of DMRS-TM transmission from RRHs along rail to high speed train
· Signal processing at the UE
Using the DOAP approach, the HST enhanced UE (HeUE) can take advantage of the orthogonality property of APs to handle the opposite Doppler shifts effect using time/frequency tracking and channel estimation. Channel propagation parameters such as Doppler spread, Doppler shift, delay spread, delay shift, average gain can be estimated per DOAP, which means estimations per a RRH-HeUE channel link.
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Fig 2 UE channel parameter estimations per DOAP [Intel R4-158182]
· From the receiver perspective, the UE is able to execute channel parameter estimations per DOAP. PDSCH received signal appears like joint transmission received signal in SFN. Compensation can be applied per DOAP in CRS-TMs, and per a layer in DMRS-TMs.

· A HST receiver can select a MIMO stream (or a layer) for demodulation and treat the other as the interference depending on signal quality. Alternatively, the receiver can combine the multiple layers’ signals for performance improvement.

The impact of the enhanced UE on the specification will be investigated in the WI.

6.5
Uplink performance enhancements under identified high speed scenarios

In this section the BS demodulation performances including PUSCH, PUCCH and PRACH will be analyzed or evaluated under the SFN scenario which corresponds to Scenario 1 and 2d, and under the scenario of leaky cable in tunnel which corresponds to the 1st hop of scenario 2c where the repeater without the frequency correction functionality. For the Scenario 2c, we simplify the channel model by assuming the AWGN channel for the second hop.
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 BS demodulation performance. 
Table 6.5.1-1: Simulation assumptions for PUSCH demodulation performance evaluation under the new high speed train scenario (Leaky cable)
	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10

	MCS for PUSCH
	
	16QAM 3/4

	Propagation condition and correlation matrix
	
	Channel for leaky cable in Tunnel as specified in 6.2.3.2

· The performance under AWGN is provided for performance comparison

	Antenna configuration
	
	1x2

	Reference receiver
	
	MRC

	Noise estimation
	
	Practical

	Time and frequency track
	
	Practical


Table 6.5.1-2: Simulation assumptions for PUCCH demodulation performance evaluation under the new high speed train scenario (Leaky cable)
	Parameters
	Unit
	Values

	Bandwidth
	MHz
	10

	PUCCH format
	
	PUCCH format 1a

	Propagation condition and correlation matrix
	
	Channel for leaky cable in Tunnel as specified in 6.2.3.2

· The performance under AWGN is provided for performance comparison

	Antenna configuration
	
	1x2

	Reference receiver
	
	MRC

	Noise estimation
	
	Practical

	Time and frequency track
	
	Practical


6.5.2
Performance characterization

6.5.2.1
SFN scenario (RRH sharing the same cell id)

6.5.2.1.1
PUSCH/PUCCH analysis
The key to guarantee the BS demodulation performance in the high speed scenario is to correctly conduct the Doppler frequency tracking. To improve the BS demodulation performance for SFN scenario, it is desirable for BS to separately estimate the Doppler shift and compensate it for the received signal on each RRH separately.

The existing high speed train (HST) demodulation requirements in 8.2.3 of TS36.104, which verify the estimation and compensation of the Doppler shift in the dynamic channel model, could be applied to BS supporting SFN scenario.

6.5.2.1.2
PRACH analysis
The issue for PRACH under the high speed scenario is identified. The current cyclic shift restriction set defined in TS36.211 for high speed cells is limited to frequency offset within PRACH, i.e., +/-1.25KHz, the Doppler shift out of the range of [-1.25KHz, +1.25KHz] would cause the detection ambiguity. And this issue also exists in the existing high speed scenario. To avoid the detection ambiguity, the PRACH enhancement under the high speed scenario is needed.

In the following, the analyses from companies are captured.

In R4-155668, the issue of detection ambiguity is analyzed. Assuming 
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, the cross-correlation function for the PRACH is provided as in Figure 6.5.2.1.2-1. From the simulation result, it is observe that there are five correlation peaks when the Doppler shift is 
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(b) 
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Figure 6.5.2.1.2-1: Cross-correlation function for the PRACH when the Doppler shift is beyond the range of [-1.25KHz, +1.25KHz]
6.5.2.1.2.1
PRACH Detection for Very High Speed Cells

Let us denote 
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 is within [-1.25KHz, +1.25KHz], the PRACH detection needs to be implement by using three detection windows [5, 6, 7], which correspond to the Zadoff-Chu sequences with the cyclic shifts 
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When Doppler shifts exceed +/-1.25KHz, the absolute correlations between the received Zadoff-Chu sequence with frequency offsets in the range of [-2*1.25KHz, +2*1.25KHz] with the shifted Zadoff-Chu sequence corresponding to cyclic shifts of 
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 is shown in Figure 6.5.2.1.2.1-1.
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Figure 6.5.2.1.2.1-1. Correlation of Zadoff-Zhu sequence with frequency offset

As observed from Figure 6.5.2.1.2.1-1 that when the frequency offset exceeds the range of [-1.25KHz, +1. 25KHz], the PRACH maximum correlation will take place with the cyclic shifted ZC sequence with shifts of
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, which is outside of the three detection windows for frequency offset in the range of [-1.25KHz, +1. 25KHz]. Therefore, in order to support PRACH detection when frequency offset exceeds the range of [-1.25KHz, +1. 25KHz], additional detection widows need to be used.
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Figure 6.5.2.1.2.1-2. PRACH Detection with five detection windows for Frequency Offsets within [-2.5KHz, +2.5KHz]

In Figure 6.5.2.1.2.1-2, 
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denote the cyclic shift detection windows corresponding to the frequency offset of 
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. As long as the Doppler frequency offset is within [-2.5KHz, +2.5KHz], the maximum correlation between the received PRACH preamble and the reference PRACH preambles will take place in one of the detection windows, and thus the receiver should be able to catch the transmitted PRACH preamble.
In order to avoid detection ambiguity, the PRACH Detection with five detection windows should be used together with the new proposed restricted set of the cyclic shifts. Once the new proposed restricted set of the cyclic shifts is used, there will be no detection ambiguity, since regardless the maximum correlation value is detected by which detection window, the receiver knows the transmitted Zadoff-Chu sequence is
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, which were excluded from the new restricted set of the cyclic shifts. 

To have better performance in PRACH detection, at the receiver side, the received power delay profiles (PDPs) from these five detection windows can be combined to make the final PRACH detection decision.
6.5.2.1.2.2
Summary

When the Doppler frequency shift exceeds the range of exceeds the range of [-1.25KHz, +1.25KHz], a five detection windows, which corresponding to cyclic shifts of 
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 may be used together with the new proposed restricted set of the cyclic shifts for PRACH detection. The use of five detection windows allows the receiver to detect PRACH preambles when Doppler frequency up to [-2.5KHz, +2.5KHz]. The use of the new proposed restricted set of the cyclic shifts will avoid the detection ambiguity after PRACH preambles are detected. 
6.5.2.2
Leaky cable in tunnel
· PUSCH/PUCCH analysis

The simulation results of PUSCH and PUCCH under leaky cable scenario according to the simulation assumptions in 6.5.1 are captured in Figure 6.5.2.2-1. 
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(a) PUSCH simulation results
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(b) PUCCH simulation results

Figure 6.5.2.2-1: BS simulation results under leaky cable channel model, Huawei [R4-155665]
6.5.2.3
Summary of evaluation and analysis
· SFN scenario

The BS performance under SFN scenarios can be verified by the existing high speed train (HST) demodulation requirements in 8.2.3 of TS36.104. So there is no need to specify the new BS demodulation performance requirements for the SFN scenario.

For PRACH, the Doppler shift out of the range of [-1.25KHz, +1.25KHz] would cause the detection ambiguity. To avoid the detection ambiguity, the PRACH enhancement under the high speed scenario is needed.
· Leaky cable scenario

Due to the small Doppler shift, the leaky cable scenario would not be challenging for BS demodulation. It is proposed not to consider specifying the new BS demodulation performance requirements under the scenario of leaky cable in tunnel.
6.5.3
Possible essential enhancement options
6.5.3.1
A new restricted set of cyclic shifts for extra high speed cells
It is well known that the cyclic shift distortion caused by the frequency offset may create false alarm correlation peaks during PRACH detection. The solution adopted in LTE to address this issue is to define a restricted set of the cyclic shifts for each root Zadoff-Chu sequence [5]. The usage of the exiting restricted sets makes it possible to retain an acceptable false alarm rate, while maintaining a high detection performance even for high-speed UEs with Doppler shifts within [-1.25KHz, +1.25KHz]. However, the exiting restricted sets are no longer suitable when Doppler shifts exceed the range of [-1.25KHz, +1.25KHz], as identified in [R4-154363] [R4-152604] and [R4-152961]. 
In the following, a new cyclic shift restriction set is presented for uplink Doppler frequency offset up to twice of the PRACH Subcarrier Spacing, i.e., [-2.5KHz, +2.5KHz]. 
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where 
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6.5.3.2
Unidirectional RRH arrangement

6.5.3.2.1
Uplink characteristics in Unidirectional RRH arrangement
There are two possibilities when it comes to RRH arrangement for UL RX:

· UL RX and DL TX oriented in the same direction, and
· UL RX and DL TX are oriented in opposite directions
6.5.3.2.1.1
Unidirectional RRH arrangement
With UL RX and DL TX in the same direction the base station will experience twice the Doppler on UL RX, but the Doppler will be constant i.e. no sign alternations, with only a minor ripple of few hundreds of Hz when passing a sidelobe of an RRH (see Figure 6.5.3.2.1.1-2 for details). This configuration is intended to be backwards compatible.
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Figure 6.5.3.2.1.1-1: Unidirectional RRH SFN arrangement.
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Figure 6.5.3.2.1.1-2: Path loss and Doppler shifts associated with a moving UE with UL RX and DL TX oriented in the same direction. From Dmin = 30m, Ds = 1000m, f = 2.7GHz and speed 250 km/h.
6.5.3.2.1.1.1
PRACH

All UEs onboard the same train will almost display the same frequency offset characteristics. This narrows down the frequency offsets to take into account e.g. at PRACH detection from a continuous range between positive and negative Doppler, to a few discrete frequency offsets. This is particularly desirable since PRACH is using a subcarrier spacing of 1.25 kHz and hence is more susceptible to frequency offsets than other channels that use 15 kHz subcarrier spacing. 

Detecting Doppler characteristics of a UE during the initial access, assigning the UE to a group of UEs with the same Doppler characteristics (moving in first direction, moving in second direction and nearly stationary), and reconfiguring the UE to use a PRACH configuration that is unique to said group of UEs will improve performance of overlapping physical resources, i.e. PRACH and PUCCH. Similar to the already existing SFN case, it may be a challenge to detect the initial access UEs which needs more study.

The spectrum efficiency may be lowered when multiple PRACH and PUCCH resources are reserved for multiple groups of UEs. Performance of Random Access from Idle to Connected mode and impact on spectrum efficiency and regrouping of a UE when Doppler frequency changes compared to the group, shall be investigated in the Work Item phase. 
6.5.3.2.1.1.2
PUCCH

By only allowing UEs with same frequency offset characteristics to share resources, orthogonality and cross-correlation properties among the information transmitted by the UEs can be maintained. This can be done through configuring UEs within a group to have PUCCH allocations that are using the same resources (resource blocks) and by detecting whether a UE deviates from the group characteristics, and if so move the UE to another group and reconfigure the UE accordingly with respect to PUCCH allocations. This could reduce Doppler-induced interference and as a consequence would improve the PUCCH decoding performance. So how to closely monitor the frequency characteristics of the UE and the frequency monitoring accuracy need to be investigated due to the UE may not always have uplink signals, especially when the UE are sending SR signals after a silent interval during which the UE doesn’t have any uplink traffic or the UE wake up from a DRX sleep cycle. 
6.5.3.2.1.1.3
PUSCH

The fact that the UE receives the signal from the same direction the whole time, meaning that it almost experiences a constant Doppler shift with only a minor ripple, will also improve PUSCH frequency offset estimation and lead to better overall demodulation performance.
6.5.3.2.1.2
Bi-static Unidirectional RRH arrangement
In this deployment configuration the UE receive DL transmissions from an antenna in one direction and its UL transmission is received by an antenna in another direction. With the modified arrangement in Figure 6.5.3.2.1.2-1, the intention is that each site provides coverage in only one direction along the track. If the same PCI is used for each eNB site then the UE will start to receive a new path from the successive eNB site around the point where it passes each eNB. Thus, in the ideal line of sight case the UE experiences only a fixed Doppler shift. 
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Figure 6.5.3.2.1.2-1: Unidirectional Beam Arrangement.
However in this contribution we focus on the RRH uplink. Receiving the DL from a single direction implies that the UE would experience a virtually constant Doppler shift towards which it tunes its downlink carrier frequency and its internal reference frequency. When transmitting on the uplink, the UE uses an UL carrier frequency that displays the same Doppler shift. When the transmitted signal is received by an antenna in the opposite direction, the signal propagating from the UE towards the RX antenna will display essentially the same Doppler shift, but with opposite sign and as a result the signal received by the antenna will be at nominal UL carrier frequency and without Doppler shifts  most of the time. This is shown in Figure 6.5.3.2.1.2-2. 

The UL Doppler shift is in Figure 6.5.3.2.1.2-2, RRH received frequency. The UL Doppler shift is essentially zero along the whole track, except close to the RRH sites, despite the high speed, 500 km/h and the relative high Wide Area band used (2.7 GHz). This can be seen in Figure 6.5.3.2.1.2-2, RRH received frequency. An antenna has a finite front-to-back ratio and this is the cause of the deviation from zero Doppler. The front-to-back ratio assumed in this simulation is 30 dB.

Observation 1: By unidirectional beam arrangement the UL Doppler shift is essentially zero along the whole track, except close to the RRH sites, where it is not zero but reduced to a fraction of the maximum Doppler shift.
[image: image248.emf]
Figure 6.5.3.2.1.2-2: Path loss and Doppler shifts associated with a moving UE with UL RX and DL TX in opposite directions. From Dmin = 30m, Ds = 1000m, f = 2.7GHz and speed 500km/h.
The absence of significant frequency offsets regardless of whether the UE is travelling at speed or is stationary would improve the PRACH detection performance in the base station and may allow all PRACH sequences to be used, Also PUCCH and PUSCH performance would improve.

An altered UE behavior is needed for determining the appropriate power level to use for the initial PRACH transmission since the regular logic – the more pathloss experienced on the downlink the higher output power to use – is not applicable. Instead a large distance from the DLTX implies that the UE is close to the ULRX, and hence shall lower the output power.
Observation 2: An altered UE behavior is needed for determining the appropriate power level to use for the initial PRACH transmission for bi-static unidirectional configuration.
7
Conclusions

This technical report presents the results of a study on performance enhancements for high speed scenarios.
In Section 5, the RRM and demodulation requirements enhancements under existing high speed scenario haven been evaluated. For RRM requirements, the evaluation results showed that 
· Cell identification: the existing cell identification requirements defined in TS 36.133 could be reused. 
· RLM: the PDCCH performance difference between the existing high speed scenarios and Rel-8 test channels shall be observed. 

· RSRP/RSRQ accuracy: the existing high Doppler requirements defined in TS 36.133 could be reused for existing high speed scenarios.
For UE demodulation requirements, the simulation results showed that it is feasible to specify the new PDSCH demodulation requirements under the ETU600 to verify UE performance.

For BS Demodulation requirements enhancements, it is agreed to specify the new PUSCH requirements under ETU600.
In section 6, 10 practical high speed scenarios were identified which are feedback by operators and interested companies. Afterwards based on the scenario analysis from RRM and demodulation perspective, SFN and leaky cable scenarios are prioritized to be studied. In section 6.2.3, the channel models for both SFN and leaky cable model were specified. For RRM requirements, the link level evaluations on cell identification (only for leaky cable channel), RLM and measurement accuracy performance were carried out under the SFN channel and leaky cable channel. The following conclusions were drawn:
· PDCCH performance in SFN channel has degradation compared with ETU70 in Rel-8.
· For RSRP/RSRQ measurement accuracy requirements under SFN scenarios, the current requirements in high Doppler conditions defined in TS 36.133 could be reused.

· No new RLM requirement, cell identification requirement and RSRP/RSRQ accuracy under the leaky cable are needed.
Another issues for RRM requirements in DRX have been identified,

· The existing latency requirements under DRX configuration for idle mode are not suitable for high speed scenario;
· Cell identification time and measurement period in long DRX (no less than 160ms) for connected mode would result in performance degradation under high speed scenario.
Some candidate solutions are also provided by interest companies in section 6.3.4. 
Downlink performance evaluations were carried out under the SFN channel and leaky cable channel in section 6.4. The significant performance gap is observed under 350km/h and 30km/h in SFN scenario. So the performance enhancement needs to be considered. Some candidate solutions are proposed in section 6.4.3.
The evaluation work was carried out under leaky cable channel as well. Based on the simulation results, no new demodulation performance requirements for the scenario of the leaky cable in tunnel are needed.
For CSI reporting, the new CSI requirements need to be considered for the candidate solutions to enhance the downlink performance under the high speed scenarios. The discussion shall be carried out in the following up WI phase.
For PRACH, the Doppler shift out of the range of [-1.25KHz, +1.25KHz] would cause the detection ambiguity. Therefore to avoid the detection ambiguity, the PRACH enhancement under the high speed scenario is needed.

Based on those conclusions, it is recommended the work item should move forward. 
Appendix 1:
Mobility in Unidirectional SFN Deployment
This clause is informative and does not mandate any particular network implementation. The information is provided purely to show one potential solution that can support mobility of pre-Rel.13  UEs operating in a Unidirectional SFN environment.

In a Unidirectional RRH arrangement a UE will quickly leave a strong (weak) beam for a weak (strong) beam when the UE is moving towards (away from) the main beam and passing the transmitting RRH. At borders between different groups of SFN cells, i.e., where the PCI and potentially also other physical parameters are changed, this would potentially become challenging for the mobility function since the UE loses connection to the serving cell before having had a chance to receive a RRC connection reconfiguration message with mobility information from the source eNodeB (a.k.a. handover command).  

One potential solution is to design a handover zone between the concerned cell groups. In this handover zone the source cell is gradually phased out and the target cell phased in, to allow the UE to report the target cell to the source cell and receive a RRC connection reconfiguration message with mobility information to the target cell before losing connection with the source cell.
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Figure A1-1: Handover zone created by overlapping coverage between SFN cell group C1 and SFN cell group C2. Note that the RRHs can be co-located although illustrated as separate sites.
One example of a handover zone is shown in Figure A1-1, where the cell group to the left (right) gradually is phased out and the cell group to the right (left) is phased in for a UE moving from left (right) to right (left). The handover zone may be achieved e.g. by using the relative transmit power levels in Table A1-1. By using such power levels one can secure that a UE can maintain connectivity to the source cell until receiving the RRC connection reconfiguration message.  

Table A1-1: Exemplary relative power levels for phasing out source cell and phasing in target cell.
	RRH
	C1 RRH #N-2
	C1 RRH #N-1
	C1 RRH#N
	

	Relative power level
	0 dB
	-1.7609 dB
	-4.7712 dB
	

	SIR
	∞
	3 dB
	-3 dB
	

	RRH
	
	C2 RRH #1
	C2 RRH#2
	C2 RRH#3

	Relative power level
	
	-4.7712 dB
	-1.7609 dB
	0 dB

	SIR
	
	-3 dB
	3 dB
	∞


The number of overlapped segments depends on inter-site distance, supported UE speed and cell detection requirements for the DRX cycle in use, and hence need to be considered when configuring the network.

The system throughput will be reduced in the handover zone as a consequence of the lowered transmission power in the serving cell and the interference from the target cell. While this cost in terms of system throughput might be acceptable when the SFN cell groups (cells with the same PCI) are large enough, it may have a significant impact on the overall system throughput when the SFN cell groups are small since the UE will be in a handover zone a larger fraction of the time.    

There are several technical solutions for implementing the handover zone (using separate RRHs, joint transmission through RRHs, etc). Depending on solution there are different technical challenges that need to be addressed. Some of the deployments may pose large challenges to the engineering achievability. Since no analysis has been carried out regarding the impact on the system throughput or the technical challenges on engineering achievability it is suggested that they are investigated and evaluated further in the future WI phase.
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