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1 Introduction
Based on the draft TR 36.878 “Study on performance enhancements for high speed scenario in LTE” v0.2.0 [1], the sections of scope, reference, definitions, symbols and abbreviations are provided. In addition, some typo revision and font size changes are made for section 5.
Reference
[1] R4-154762, TR 36.878 v.0.2.0, Huawei, HiSilicon
Text proposal

-----------------------------------------------------------Start of TP---------------------------------------------------------
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)".
[4]
3GPP TS 36.212: "Multiplexing and channel coding".

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
-----------------------------------------------------------End of TP---------------------------------------------------------

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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	3000 m
	Infinity
	500 m
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	300 m
	-
	5 m

	K
	-
	10 dB
	-
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	350 km/h
	350 km/h
	350 km/h
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	875 Hz
	875 Hz
	875 Hz


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 also.
5.2.1 
Simulation assumptions

· Simulation assumption for RLM

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

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

	Attribute
	Value

	DCI format
	1C

	Bandwidth
	10 MHz

	Antenna configuration (two cases)
	1x2 and 2x2

	Antenna correlation
	Low

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

	Aggregation level (CCE)
	4

	Control channel space
	2 symbols

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

-3 dB, for 2Tx

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

1 dB, for 2Tx

	DRX
	OFF

	L1 evaluation period
	100 ms

	Note 1:
DCI format 1C is defined in clause 5.3.3.1.4 in TS 36.212[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, EVA[875],  HST [875] , HST scenario3 in Table5.1-1

	Aggregation level (CCE)
	8

	Control channel space
	2 symbols

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

1 dB, for 2Tx

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

1 dB, for 2Tx

	DRX
	OFF

	L1 evaluation period
	200 ms

	Note 1:
DCI format 1A is defined in clause 5.3.3.1.3 in TS 36.212 [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, EVA[875],  HST [875] , HST scenario3 in Table5.1-1
	AWGN for alignment purposes

	CP Length
	Normal
	

	Frequency band
	2.7 GHz
	

	Ês/Iot
	-8 to +3 dB
	To be varied


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

Simulation 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 3, 4
	See Table 3, 4
	See Table 3, 4

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

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

	Ioc Model
	-
	AWGN


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

	Simulation parameters
	Comments/values

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

	Cell 1, 2, 3 carrier frequency
	Same

	False detect threshold 
	Required as in a real UE implementation

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

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

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

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

	Receive antennas
	2  (uncorrelated)


Table 5.2.1-6: Cell ID Combinations to be simulated

	case #
	Cell 3

(Desired Cell)
	Cell 1

(Interferer 1) 
	Cell 2

(Interferer 2)
	Scenario

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

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

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

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

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

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

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

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


Table 5.2.1-7: PSC, SSC indices for simulations

	Label
	Code index

	psc1
	29

	psc2
	25

	psc3
	34


	Label
	Code index
	Cell group index 

	(ssc1a, ssc1b)
	(6, 8)
	36

	(ssc2a, ssc2b)
	(10, 12)
	40

	(ssc3a, ssc3b)
	(7, 9)
	37

	(ssc1a, ssc3b)
	(6, 9)
	65
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