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1 Introduction

In last RAN4 meeting, the simulation results for low-cost MTC on FDD/HD-FDD were discussed in [1]-[3]. There was no consensus on the FDD part since there was no conclusion on how to model the HD/FDD mechanism. Moreover, due to the requirements from operators, the TDD part was added into the scope of LC-MTC. In RAN4 #70bis, the simulation assumption document [4] was approved, and the simulation results were expected to provide in future meetings.
In this contribution, the link level simulation results with 1Rx for cell identification for low-cost MTC on TDD are provided. Similar with FDD parts, in order to illustrate the performance gap, the cell identification performance with 2Rx is also provided for comparisons.

2 Simulation Results

In this section, we provide the simulation results for cell identification for low-cost MTC for TDD. Table 1 and Table 2 show the cell identification performance for TDD case with 1Rx and 2Rx under different conditions, respectively.

Table 2-1. The Cell identification results with 1Rx for TDD (Unit: ms)

	Channel
	Case 1
	Case 2
	Case 3

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

	AWGN
	760
	320
	200
	>1000
	>1000
	520
	>1000
	>1000
	640

	EPA5
	280
	200
	200
	280
	240
	240
	280
	240
	200

	ETU70
	440
	360
	240
	520
	400
	280
	520
	360
	280

	Channel
	Case 4
	Case 5
	Case 6

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

	AWGN
	760
	400
	200
	>1000
	640
	360
	>1000
	640
	360

	EPA5
	320
	240
	200
	480
	400
	240
	520
	360
	240

	ETU70
	520
	400
	280
	480
	440
	280
	560
	360
	280

	Channel
	Case 7
	Case 8
	-

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

	AWGN
	>1000
	640
	360
	>1000
	640
	360
	N/A
	N/A
	N/A

	EPA5
	520
	400
	280
	480
	360
	280
	N/A
	N/A
	N/A

	ETU70
	520
	400
	320
	520
	360
	280
	N/A
	N/A
	N/A


Table 2-2. The Cell identification results with 2Rx for TDD (Unit: ms)

	Channel
	Case 1
	Case 2
	Case 3

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

	AWGN
	320
	160
	120
	>1000
	400
	160
	>1000
	720
	280

	EPA5
	160
	120
	120
	160
	200
	160
	160
	160
	120

	ETU70
	200
	160
	120
	240
	200
	160
	240
	160
	160

	Channel
	Case 4
	Case 5
	Case 6

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

	AWGN
	240
	160
	120
	840
	360
	160
	840
	320
	160

	EPA5
	160
	120
	120
	360
	200
	120
	280
	200
	160

	ETU70
	200
	160
	120
	320
	200
	160
	280
	240
	160

	Channel
	Case 7
	Case 8
	-

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

	AWGN
	920
	360
	160
	920
	320
	200
	N/A
	N/A
	N/A

	EPA5
	320
	200
	160
	240
	200
	200
	N/A
	N/A
	N/A

	ETU70
	280
	200
	160
	280
	200
	160
	N/A
	N/A
	N/A


Compared with our previous simulation results for FDD in [1], the following observations can be obtained based on the simulation results for TDD as shown in Table 2-1 and Table 2-2:

Observation 1:With 1Rx configuration, FDD and TDD system achieve the quite similar cell identification performances.

Observation 2: For TDD part, compared with the performance with 1Rx and that with 2Rx, UE with 1Rx needs more time to detect the target cell. 

Observation 3: For TDD parts, according to the simulation results, all the cases for cell identification latency were not larger than 600ms. Thus, the existing cell identification latency requirements could be satisfied and reused for 1Rx (LC-MTC) case.
Proposal 1: For cell identification aspects, the existing RRM requirements could be reused for 1Rx TDD case.

3 Conclusion

In this contribution, we give our analysis on link level simulation for cell identification for low-cost MTC topic for TDD system. The following proposals are given:

Observation 1:With 1Rx configuration, FDD and TDD system achieve the quite similar cell identification performances.

Observation 2: For TDD part, compared with the performance with 1Rx and that with 2Rx, UE with 1Rx needs more time to detect the target cell. 

Observation 3: For TDD parts, according to the simulation results, all the cases for cell identification latency were not larger than 600ms. Thus, the existing cell identification latency requirements could be satisfied and reused for 1Rx (LC-MTC) case.

Proposal 1: For cell identification aspects, the existing RRM requirements could be reused for 1Rx TDD case.

From our previous contribution [1], for FDD part, the similar conclusion can be achieved. Thus, for LC-MTC aspect, the only point for lower bound of cell identification performance is for HD-FDD case. If UE is able to satisfy the existing cell identification requirements with 1Rx and HD-FDD, thus, from cell identification aspect, the RRM requirements could be reused.
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5 Appendix: Simulation Assumptions

As in [5], the simulation assumptions are shown in the following tables. 
Table 1: Link Simulation Parameters

	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

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

	Carrier frequency
	GHz
	2 GHz
	2 GHz
	2 GHz

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

	PSS and SSS PSD relative to RS PSD
	dB
	0
	0
	0

	Number of RB’s
	
	6
	6
	6

	Uplink-downlink configuration
	
	2
	2
	2

	Special subframe configuration
	
	6
	6
	6

	RB Utilization
	%
	100
	100
	100

	Data Modulation
	-
	QPSK
	QPSK
	QPSK

	Frame Structure Type
	-
	2 (TDD)
	2 (TDD)
	2 (TDD)

	CP Length
	-
	Normal
	Normal
	Normal

	DRX
	
	OFF
	OFF
	OFF

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0
	0

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

	Es/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

	PSS Sequence ID
	-
	See Table 3, 4
	See Table 3, 4
	See Table 3, 4

	SSS Sequence ID
	-
	See Table 3, 4
	See Table 3, 4
	See Table 3, 4

	Propagation Condition
	-
	AWGN, EPA5, ETU70

	Noise Model
	-
	AWGN

	NOTE :
Noc value doesn’t include the three simulated eNB signals’ power


Table 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 asynchronous
	No

	Performance criterion for comparison
	90th percentile acquisition time for “correct” cell detection of both PSS and SSS sequence ID’s.

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

	Number of receive antennas
	1


Table 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 4: PSC, SSC indices for simulations
	Label
	Code index
	Cell group index 

	psc1
	29
	-

	psc2
	25
	-

	psc3
	34
	-

	(ssc1a, ssc1b)
	(6, 8)
	36

	(ssc2a, ssc2b)
	(10, 12)
	40

	(ssc3a, ssc3b)
	(7, 9)
	37

	(ssc1a, ssc3b)
	(6, 9)
	65
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